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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INSULATION CO-ORDINATION -
Part 1: Definitions, principles and rules

FOREWORD

2019

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

fis. To

alll national electrotechnical committees (IEC National Committees). The object of IEC is")to/ promote
infernational co-operation on all questions concerning standardization in the electrical and electronic fiel
this end and in addition to other activities, IEC publishes International Standards, Technical“Specific

tions,

Tdchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as| “IEC

rested

in|the subject dealt with may participate in this preparatory work. International, governmental and non-

ernmental organizations liaising with the IEC also participate in this preparation, 1EC collaborates dlosely

with the International Organization for Standardization (ISO) in accordance with conditions determined by

tional
bm all

tional
bf IEC

Pyblications is accurate, IEC cannot be held responsible for’the way in which they are used or fgr any

Inforder to promote international uniformity, IEC National Committees undertake to apply IEC Publidations
trgnsparently to the maximum extent possible in their‘ynational and regional publications. Any diverngence
beftween 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 confprmity
aspessment services and, in some areas, ,aecess to IEC marks of conformity. IEC is not responsible fpr any

sefvices carried out by independent certification bodies.
All users should ensure that they have,the latest edition of this publication.

Nq liability shall attach to IEC or itsidirectors, employees, servants or agents including individual exper
mgmbers of its technical committees’ and IEC National Committees for any personal injury, property dam

s and
hge or

otlher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othgr IEC

Pyblications.

Attention is drawn to-the’/Normative references cited in this publication. Use of the referenced publicati
indispensable for the.correct application of this publication.

Atiention is drawn-to the possibility that some of the elements of this IEC Publication may be the sub
paent rights..]IEC-shall not be held responsible for identifying any or all such patent rights.

This|redline version of the official IEC Standard allows the user to identify the cha
made to”the previous edition. A vertical bar appears in the margin wherever a ch
has been made. Additions are in green text, deletions are in strikethrough red text.

bns is

ect of

nges
ange



https://iecnorm.com/api/?name=bab7891cd6f85ea490210193f3f7a7fc

IEC 60071-1:2019 RLV © IEC 2019 -5-

International Standard IEC 60071-1 has been prepared by IEC technical committee 99:
Insulation co-ordination and system engineering of high voltage electrical power installations
above 1,0 kV AC and 1,5 kV DC.

This

ninth edition cancels and replaces the eighth edition published in 2006

Amendment 1:2010. This edition constitutes a technical revision.

It has the status of a horizontal standard in accordance with IEC Guide 108.

The main changes from the previous edition are as follows:

a) a
b) s

c) le
I:

d) s

The fext of this International Standard is based on the following documents:

Full i
ther

This

A lis
ordin

The

remain unchanged until the-\stability date indicated on the I|IEC web site

"http
publi

| references are updated to current IEC standards, and the bibliography is deleted;

tter symbols are changed and corrected in order to keep the consistency ‘with rel
FC standards;

bme titles are changed to clarify understanding (see Clauses A.2, A.3'and Annex B).

CbhV Report on voting
99/199/CDV 99/227/RV.C

nformation on the voting for the approval of thisInternational Standard can be fou
eport on voting indicated in the above table.

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

of all parts in the IEC 60071 series, published under the general title Insulatio
ation, can be found on the IEC website.

committee has decided that the-contents of the base publication and its amendment

//Iwebstore.iec.ch" in therdata related to the specific publication. At this date
cation will be

confirmed,

ithdrawn,

placed by a-revised edition, or

mended.

bme definitions are clarified in order to avoid overlapping and ensure clear understaIding;

and

vant

nd in

N CO-

5 will
nder
the

IMPORTANT - The “colour inside” logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this publication using a colour printer.
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INSULATION CO-ORDINATION -

Part 1: Definitions, principles and rules

1 Scope

This part of IEC 60071 applies to three-phase AC systems having a highest voltage for
equipment above 1 kV. It specifies the procedure for the selection of the rated withgtand
voltapes 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 standard/withgtand
voltapges from which the rated withstand voltages-should-be are selected.

This [document—recommends describes that the selected withstand voltages
associated with the highest voltage for equipment. This associationyis for insulatiog co-
ordinfation purposes only. The requirements for human safety aré not covered by| this
document.

Althgugh the principles of this document also apply to transmission line insulation, the values
of the¢ir withstand voltages-may can be different from the standard rated withstand voltaggs.

The @pparatus committees are responsible for specifying the rated withstand voltages and the
test |procedures suitable for the relevant equipment taking into consideration| the
recomnmendations of this document.

NOTE]| In IEC 60071-2, Apphieation-Guide; all rules forinsulation co-ordination given in this document are justified
in defail, in particular the association of the standard rated withstand voltages with the highest voltage for
equipment. When more than one set of standardtrated withstand voltages is associated with the same hjighest
voltage for equipment, guidance is provided forthe selection of the most suitable set.

This | horizontal standard is primarily intended for use by technical committees in the
prepdration of standards in accordance with the principles laid down in IEC Guide 108.

One Jof the responsibilities. 0f’a technical committee is, wherever applicable, to make upe of
horizpntal standards in_the preparation of its publications. The contents of this horizontal
standard will not apply Whless specifically referred to or included in the relevant publicatigns.

2 Normative.references

The following documents are referred to in the text in such a way that some or all of|their
content constitutes requirements of this document. For dated references, only the edition
cited i it i ding

IEC 60038:2002, IEC standard voltages

IEC 60060-1:4989, High-voltage test techniques — Part 1: General definitions and test
requirements

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

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

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

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

[«

v

3.1
insu
seled
over

into account the service environment and the characteristics of the available preventing

prote
HEC

Note 1
standd

[sou

3.2
extel

distahces in atmospheric air, and the surfaces in contact with atmospheric air of

insulation of the equipment which are subject to dielectric stresses and to the effec
atmogpheric and other environmental eonditions from the site, such as pollution, hum
vermjn, etc.

Note 1 to entry: External insulation is either weather protected or non-weather protected, designed to o
outside or inside closed shelters, respectively.

[SOURCE: IEC 60050:614:2016, 614-03-02, modified — Note 1 to entry has been added]

3.3

interpal insulation

O Online browsing platform: available at http://www.iso.org/obp

ation co-ordination
tion of the dielectric strength of equipment in relation to the operating voltages
oltages which can appear on the system for which the equipment is intended, and t

ctive devices

to entry: By "dielectric strength" of the equipment, is meant here\its rated insulation level (3.36)

rd insulation level-as-defired-in-3-35-and-3-36-respesctively (3.37),
RCE: IEC 60050-614:2016, 614-03-08, modified/~Note 1 to entry has been added]

nal insulation

and
hking
and

or its

solid
ts of
idity,

berate

intermal distances of the solid, liquid, or gaseous insulation of equipment which are protg¢cted

from

the 'effects of atmospheric and other external conditions

[IEC-604-03-03:1987]}

[SOURCE: IEC 60050-614:2016, 614-03-03]

3.4

self-restoring insulation
insulation which,—aftera-shert-time; completely recovers its insulating properties within a short

time

interval after a disruptive discharge-during-test

Note 1 to entry: Insulation of this kind is generally, but not necessarily, external insulation.
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Note 2 to entry: This definition applies 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.

[SOURCE: IEC 60050-614:2016, 614-03-04]
3.5

non-self-restoring insulation
insulation which loses its insulating properties, or does not recover them completely, after a

disruptive discharge-during-test

Note 1 to entry: This definition applies only when the discharge is caused by the application of a_test vpltage
duringl a dielectric test. However, discharges occurring in service may cause a self-restoring insulation tp lose
partially or completely its original insulating properties.

[SOYRCE: IEC 60050-614:2016, 614-03-05]

3.6
insulation configuration terminal
any ¢f the terminals between any two of which a voltage that stresses the insulation cgn be
appliged

Note 1 to entry: 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) ngutral terminal, representing, or connected to, the neutral point of the system (neutral termipal of
transformers, etc.);

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

3.7
insulation configuration
complete geometric configuration of the insulation in service, consisting of the insulation and
of all terminals and including all, elements (insulating and conducting) which influende its

dieleftric behaviour. The following-insulation-configurations-are-identified:

Note 1 to entry: The insulation configurations defined in 3.7.1 to 3.7.4 are identified.

3.71
thre¢-phase insulation configuration
insulition configuration having three phase terminals, one neutral terminal and one parth
terminal

3.7.2
phase-to-earth-(p-e} insulation configuration
threg-phase insulation configuration where two phase terminals are disregarded and, except
in particular cases, the neutral terminal is earthed

3.7.3

phase-to-phase{p-p} insulation configuration

three-phase insulation configuration where one phase terminal is disregarded. In particular
cases, the neutral and the earth terminals are also disregarded

3.7.4

longitudinal{t-t) insulation configuration

insulation configuration having two phase terminals and one earth terminal, the phase
terminals belonging to the same phase of a three-phase system temporarily separated into
two independently energized parts (e.g. open switching devices)
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Note 1 to entry:

cases

3.8

one of the two phase terminals considered is earthed.

nominal voltage of a system

U

n.
suita

ble approximate value of voltage used to designate or identify a system

[SOURCE: IEC 60050-601:1985, 601-01-21, modified — A symbol has been added.]

3.9

The four terminals belonging to the other two phases are disregarded or earthed. In particular

highest-voltageof-a—system

U,

S
highgst value of the phase-to-phase operating voltage (RMS value) which oceurs

norm

lal operating conditions at any time and at any point in the system

[SOYRCE: IEC 60050-601:1985, 601-01-23, modified — Clear meaning on |[the voltagg

been

3.10

added.]

highest voltage for equipment

U

nder

has

m
highast value of phase-to-phase voltage (RMS value) for which the equipment is designed in
respgct of its insulation as well as other characteristics A#hich relate to this voltage i

relev

ant equipment standards

Note 1 to entry: Under normal service conditions specified by the relevant apparatus committee, this voltag

be ap

lied continuously to the equipment.

[SOURCE: IEC 60050-614:2016, 614-03-0%]

3.1

isolated neutral system
systgm where the neutral poinpt is not intentionally connected to earth, except for

impe

Hance connections for protection or measurement purposes

[SOYRCE: IEC 60050-601:1985, 601-02-24:4985]

3.12

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

h the

e can

high

[SOUREE: IEC 60050-601:1985, 601-02-25:4985]

3.13

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

[SOURCE: IEC 60050-601:1985, 601-02-26:4985]

3.14
reso

nant earthed (neutral) system

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

[IEC-6801-02-27:1985]
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Note 1 to entry: 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 usually self-extinguishing.

[SOURCE: IEC 60050-601:1985, 601-02-27]

3.15

earth fault factor

k

at a given location of a three-phase system, and for a given system configuration, the ratio of
the highest RMS 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 RMS phase-to-earth

powe
such

[EC-

[SOU
desc

3.16
cont
powg

r-frequency voltage which would be obtained at the given location in the ahsence o

fault
604-03-06:1987]
RCE: IEC 60050-614:2016, 614-03-06, modified — A symbol has peen added

iption on voltage has been modified.

nuous-{power-frequenecy) voltage

f any

and

r-frequency voltage, considered having constant RMS value, continuously applied t¢ any
pair ¢f terminals of an insulation configuration

Note

p.u. re

voltage
oltage:

etween one phase conductor-and earth or across a longitudinal insulation having a
blue exceeding the peak of the highest voltage of the system divided by \/E;

L 604-03-00. fiod]

bltage of the system

to entrys, “Unless otherwise clearly indicated, such as for surge arresters, overvoltage values expres

feptoU, x w/E/w/g

wing
WG

peak

etween phase conductors having a peak value exceeding the amplitude of the highest

sed in

[SOU

3.17.

RCE: IEC 60050-614: 2016, 614-03-10]

1

temporary overvoltage

TOV

power-frequency overvoltage of relatively long duration

Note 1

to entry: The overvoltage may be undamped or weakly damped. In some cases, its frequency m

several times smaller or higher than power frequency.

[SOURCE: IEC 60050-614:2016, 614-03-13]

ay be
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3.17.2

transient overvoltage
short-duration overvoltage of few milliseconds or less, oscillatory or non-oscillatory, usually
highly damped

cases

d tail

d tail

thout

ch of

very-

ed in

1 and

HEC 604-03-13:14987]

Note 1 to entry: Transient overvoltages may be immediately followed by temporary overvoltages. In such
the two overvoltages are considered as separate events.

[SOURCE: IEC 60050-614:2016, 614-03-14]

Iran -'ent e‘lerl[e tages aFe d"!ided 'Hte:

3.17.2.1

slowrfront overvoltage

SFO

trans'lient overvoltage, usually unidirectional, with time to peak 20 us < Tp < 5,000 us, an
durafion T, < 20 ms

3.17.2.2

fast-front overvoltage

FFO

trans'lient overvoltage, usually unidirectional, with time to peak 0,1 ys < T, <20 ps, an
durafion T, < 300 ps

3.17.2.3

veryifast-front overvoltage

VFFOQ

transfent overvoltage, usually unidirectional with time to peak 7; < 0,1 uys, and with or wi
supefimposed oscillations at frequency 30 ktjz < < 100 MHz

3.178

combined overvoltage

overyoltage consisting of two valtage components simultaneously applied between ea
the tyvo phase terminals of a phiase-to-phase (or longitudinal) insulation and earth

Note 1 to entry: It is classified by the component of higher peak value (temporary, slow-front, fast-front o
fast-frpnt).

3.18

standlard voltage-shapes for test

thefpHowing voltage and the overvoltage shapes for test that are-standardized determin
ampljtude, wave front, wave tail and duration

Note {1 to{entry: More details on the following three first standard voltage shapes are given in IEC 60060
also infeabte—=

3.18.1

standard short-duration power-frequency voltage

sinus

3.18.

oidal voltage with frequency between 48 Hz and 62 Hz, and duration of 60 s

2

standard switching impulse
impulse voltage having a time to peak of 250 ys and a time to half-value of 2 500 us

3.18.

3

standard lightning impulse
impulse voltage having a front time of 1,2 ys and a time to half-value of 50 ps
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3.18.4

standard combined switching impulse

for phase-to-phase insulation, combined impulse voltage having two components of equal
peak value and opposite polarity

Note 1 to entry: The positive component is a standard switching impulse and the negative one is a switching
impulse whose times to peak and half-value should not be less than those of the positive impulse. Both impulses
should reach their peak value at the same instant. The peak value of the combined voltage is, therefore, the sum of
the peak values of the components.

3.18.5

standard combined voltage
for Idngitudinal insulation, combined voltage having a standard impulse on one ferminal dnd a
powdr-frequency voltage on the other terminal

Note 1 to entry: The impulse component is applied at the peak of the power-frequency voltage of epposite pplarity.

3.19
représentative overvoltage
Urp
overyoltage assumed to produce the same dielectric effect on \the insulation ag the
overyoltage of a given class occurring in service due to various origins

Note 1 to entry: Representative overvoltages consist of voltages with the.Standard shape of the class, and njay be
defined by one value or a set of values or a frequency distribution of valdes‘that characterize the service conglitions.

Note 3 to entry: This definition also applies to the continuous powef-frequency voltage representing the effect of
the sefvice voltage on the insulation.

3.20
overyoltage limiting device
devide which limits the peak values of the overvoltages or their durations or both

Note 1 to entry: They are classified as preventing devices (e.g. a preinsertion resistor) or as protective dgvices
(e.g. g surge arrester).

3.21
lighthing-ferswitehing] impulse protective level
Upl{‘*ups}

maximum permissible peak voltage value on the terminals of a protective device subjected to
lightning-ferswitehing} impulses under specific conditions

[SOYRCE: IEG%60050-614:2016, 614-03-561

3.22
swit¢hing impulse protective level
U

ps . L . . . .
maximum permissible peak voltage value on the terminals of a protective device subjected to
switching impulses under specific conditions

[SOURCE: IEC 60050-614:2016, IEC 614-03-57]

3.23

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 service

Note 1 to entry: The performance criterion is usually expressed in terms of an acceptable failure rate (number of
failures per year, years between failures, risk of failure, etc.) of the insulation configuration.
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3.24

withstand voltage
value of the test voltage to be applied under specified conditions in a withstand voltage test,

durin

Note 1

g which a specified number of disruptive discharges is tolerated

to entry: The withstand voltage is designated as:

a) conventional assumed withstand voltage, when the number of disruptive discharges tolerated is zero. It is
deemed to correspond to a withstand probability P, = 100 %;

b) statistical withstand voltage, when the number of disruptive discharges tolerated is related to a specified

wi

Note 2

thstand probability. In this document, the specified probability is P, = 90 %.

o]

conve
voltag

3.25
co-0
UCW
for e

actud

3.26
co-0
KC

facto

to—antr: ln this stgndard for non salf rgstoringinesulation org cngcifiaod conventicnal -assmedauit
I v 14 Li

ps,—andfor—self-restoring—insulation—are specified statistical -withstand-voltages. In this documer
htional assumed withstand voltages are specified for non-self-restoring insulation. The statistical with
s are specified for self-restoring insulation.

rdination withstand voltage

ach class of voltage, the value of the withstand voltage of the insulation configurati
| service conditions, that meets the performance criterion

rdination factor

obtaiph the value of the co-ordination withstand voltage

3.27
stan
atmo

Note 1

3.28
requ
Urw
test
that
over

Note
specif

3.29
atmo
Ky

Hard reference atmospheric conditions
spheric conditions to which the standardized withstand voltages apply-{see-5-9}

to entry: See 5.9.2.

red withstand voltage
oltage that the insulation must withstand in a standard withstand voltage test to er

fhe insulation will meet the performance criterion when subjected to a given cla
oltages in actual-service conditions and for the whole service duration

to entry: TheNequired withstand voltage has the shape of the co-ordination withstand voltage,
ed with reference to all the conditions of the standard withstand voltage test selected to verify it.

spheric correction factor

Staha

t, the
stand

on in

I by which the value of the representative overveltage must be multiplied in order to

sure
5s of

hnd is

facto

tobe—appliedtotheTo-ordimatiom withstand—vottageto—accountfor thedifferen

ce in

dielectric strength between the average atmospheric conditions in service and the standard
reference atmospheric conditions

Note 1

Note 2 to entry:

to entry: It applies to external insulation only, for all altitudes.

For the atmospheric correction factor, the atmospheric conditions taken into account are air

pressure, temperature and humidity. For insulation co-ordination purposes, usually only the air pressure correction
needs

to be taken into account.
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altitude correction factor

K

2019

a
factor to be applied to the co-ordination withstand voltage to account for the difference in
dielectric strength between the average pressure corresponding to the altitude in service and
the standard reference pressure

Note 1

3.31

to entry: The altitude correction factor K,-is part of the atmospheric correction factor-K,.

safety factor

K
atmo

acco
durin

3.32

S
overalll factor to be applied to the co-ordination withstand voltage, after the application\d
spheric correction factor (if required), to obtain the required withstand,\voltage,

inting for all other differences in dielectric strength between the conditions in se&
g life time and those in the standard withstand voltage test

actugl withstand voltage of an equipment or insulation configuration

U.aw
highe
confi

3.33
test
Ktc

for a

st possible value of the test voltage that can be applied to-am equipment or insul
guration in a standard withstand voltage test

conversion factor

withgtand voltage of a given overvoltage class,in the case where the standard with

shap

Note

voltag
withst
shape

3.34
rated
value
insul

Note 1

3.35
stan
UW
standg

e of the selected withstand voltage test is that of a different overvoltage class

to entry: For a given equipment or insulatioh configuration: the test conversion factor of the stg
e shape (a) to the standard voltage shape-(b) must be higher than or equal to the ratio between the
hnd voltage for the standard voltage shape (a) and the actual withstand voltage of the standard v

(b).

withstand voltage

btion complies with 6ne or more required withstand voltages

to entry: It is a rated value of the insulation of an equipment.

Hard rated withstand voltage

ard'value of the rated withstand voltage as specified in this document

f the

rvice

ation

given equipment or insulation configuration,“the factor to be applied to the reqpuired

stand

ndard
lactual
pltage

of the test voltage, .applied in a standard withstand voltage test that proves that the

Note 1 to entry: See 5.6 and 5.7.

3.36

rated insulation level
set of rated withstand voltages which characterize the dielectric strength of the insulation

3.37

standard insulation level
set of standard rated withstand voltages which are associated to U, as specified in this
document

Note 1 to entry: See Table 2 and Table 3.
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3.38

standard withstand voltage test

dielectric test performed in specified conditions to prove that the insulation complies with a
standard rated withstand voltage

Note 1 to entry: This document covers:

— —  short-duration power-frequency voltage tests;
— —  switching impulse tests;
— — lightning impulse tests;

— — combined switching impulse tests;

— —| combined voltage tests.

Note 3 to entry: More detailed information on the standard withstand voltage tests is given in IEC‘60060-] (see
also Tlble 1 for the test voltage shapes).

Note 3 to entry: The very-fast-front impulse standard withstand voltage tests should be specified by the rejevant
apparatus committees, if required.

4 Abbreviated terms and symbols

4.1 General

The fists provided below cover only the most frequently, used symbols and abbreviations
which are useful for insulation co-ordination.

4.2 | Subscripts

p-e related-to-phase-to-earth
-1 related to longitudinal
max maximum-(H{EC-60633}
p-p related-to-phase-tophase

4.3 | Letter symbols

f frequency:

k earth fault factor

K atmospheric correction factor

K, altitude correction factor

K, co-ordination factor

Ky safety factor

Kie test conversion factor

P, withstand probability

Ty front time

T time to half-value of a decreasing voltage

T, time to peak value

T; total overvoltage duration

Uaw actual withstand voltage of an equipment or insulation configuration
Ucw co-ordination withstand voltage

Un highest voltage for equipment

U, nominal voltage of a system

Up lightning impulse protective level of a surge arrester

Ups switching impulse protective level of a surge arrester
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Unp representative overvoltage

Unw required withstand voltage

Us highest voltage of a system

Uy standard rated withstand voltage

4.4 Abbreviations

FFO fast-front overvoltage

ACWYV standard rated short-duration power frequency withstand voltage of an
equipment or insulation configuration

LIPL lightning impulse protective level of a surge arrester

SIPL switching impulse protective level of a surge arrester

LIWV\ standard rated lightning impulse withstand voltage of an equipment gr
insulation configuration

SFO slow-front overvoltage

SIW standard rated switching impulse withstand voltage\of an equipment gr
insulation configuration

TOV temporary overvoltage

VFFO very-fast-front overvoltage

5 Procedure for insulation co-ordination

5.1 | General outline of the procedure

The procedure for insulation co-ordination\consists of the selection of the highest voltage for
the gquipment together with a correspanding set of standard rated withstand voltages which
characterize the insulation of the equipment needed for the application. This procedyre is
outlined in Figure 1 and its steps afe described in 5.1 to 5.5. The optimization of the sel¢cted
set ¢f U, may require reconsideration of some input data and repetition of part of the
proce¢dure.

The rated withstand veltages shall be selected from the lists of standard rated withgtand
voltapes given in 5.6 and 5.7. The set of selected standard voltages constitutes a rated
insulation level. If the standard rated withstand voltages are also associated with the same
Uy, according to$.10, this set constitutes a standard insulation level.
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5.2

The voltages and the overvoltages that stress the insulation shall be determined in amplitude,
shape and duration by means of a system analysis which includes the selection and location

Origin and classification of stressing > | System analysis (see 5.2) !
voltages (see 3.16 and 3.17) I |
Protective level of overvoltage limiting
devices (see 3.21 and 3.22) Y
Insulation characteristics Representative Voltages and
- - overvoltages U (see 3.19)
Insulation characteristics s
Performance criterion (see 3.23) Y
Statistical distribution (+) | Selection of t_h_e_ir;s_ul_agian_&;éti_né R
) ' the performance criterion (see 5.3))
Inaccuracy of input data (+) C S N
(+) Effects combined in a co-ordination *
factor X _ (see 3.26) Co-ordination withstand voltages U,
Altitude correction factors X, (see 3.25)
(or atmospheric correction factors X,
(see 3.29 and 3.30) \

QAR NN U URPUIL PP I e
I
|

E.quipm.ent.test assembly ) Application of factors to account for, ",
Dispersion in production *) I the differences between type test !
I

| ogs
Quality of installation *) p | conditions and actual
| service conditions

Nd

Ageing in service *) | (see 5.4),
Other unknown factors*) | "o TToTooToTmomofr s T oo e ’
*) Effects combined in a safety factor K ¢
(see 3.31) Required withstand voltages U_
" (see 3.28)
Test conditions (see Clause 6)
Test conversion factor X, (see 3.33) ¢

. | Selection of rated withstand voltages
Standard withstand voltages !)(see 3.34) or standard rated withstand
(see 5.6 and 5.7) ey  voltages U, (see 3.35) from the lists
Ranges of U, (see 5.8) ! in5.6and5.7

Rated or standard insulation level : set of U, (see 3.36 and 3.37)

TE In brackets the subclauses Teporting the definition of the term or the description of the action.

Sided:boxes refer to required input

——————————

__________ | Sided boxes refer to performed actions

| 5> Sided boxes refer to obtained results

Figure*1 — Flow chart for the determination of rated or standard insulation leve

Determination of the representative voltages and overvoltages (U,)

of the overvoltage preventing and limiting devices.

For each class of voltages and overvoltages, this analysis shall then determine a
representative voltage and overvoltage, taking
insulation with respect to the different behaviour at the voltage or overvoltage shapes in the
system and at the standard voltage shapes applied in a standard withstand voltage test as

outlined in Table 1.

EC

into account the characteristics of the
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Table 1 — Classes and shapes of overvoltages, standard voltage shapes
and standard withstand voltage tests

Low frequency Transient
Class
Continuous Temporary Slow-front Fast-front Very-fast-front
i T
Voltage or \/\ji/v ﬂ
over-
N/
voltage N \w V Tp NJ m W
Shapes <—>Tt Tt < T2 > - To 1/f1 1/fa
<
Range of _ 10 Hz < f< Ty=100ms
volthge or | /=50Hzor 500 Hz 20ps < T, < 0,1ps <7< 0,3 MHz'< £, |<
oVer- 60 Hz 5000 us 20 us 100 MHz
vojtage 7,>3600s | 0.02s<T< T, <20 ms 7, < 300 2
shppes t 3600s 2= 2= HS 303k0|-(|)ZkT-|];2 )
1/f
1/f
Stahdard —~
voltage a
shppes -
‘ Ti e g
T2 T2 >
f=50Hz 48 Hz < f< _ -
or 60 Hz 62 Hz Tp =250 s ry=1.2ys
r,® T,=60s T, = 2 500.us T, =50 ps
Stahdard Short-duration . 2 . . Lo
witHstand a power SW|tch|P§S;mpulse L|ghtn|rt1é.]s|tmpulse a
voltage test frequency test
a8 Tp be specified by the relevant apparatus committees.

The fepresentative voltages ahd-overvoltages may be characterized either by:

ah assumed maximum, or
— a|set of peak valugs, or
alcomplete statistical distribution of peak values.

NOTE]| In the last\case additional characteristics of the overvoltage shapes-may could have to be considered

When theSadoption of an assumed maximum is considered adequate, the representative
overyoltage of the various classes shall be:

— For the continuous power-frequency voltage: a power-frequency voltage with RMS value
equal to the highest voltage of the system, and with duration corresponding to the lifetime
of the equipment;

— For the temporary overvoltage: a standard power-frequency short-duration voltage with an
RMS value equal to the assumed maximum of the temporary overvoltages divided by \/E;

— For the slow-front overvoltage: a standard switching impulse with peak value equal to the
peak value of the assumed maximum of the slow-front overvoltages;

— For the fast-front overvoltage: a standard lightning impulse with peak value equal to the
peak value of the assumed maximum stress of the fast-front overvoltages phase to earth;

NOTE For gas insulated switchgear (GIS) or gas insulated line (GIL) with three-phase enclosure and
insulation levels chosen among the lowest ones for a given U, the phase-to-phase overvoltages-may could
need consideration.
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5.3

For the very-fast-front overvoltage: the characteristics for this class of overvoltage are
specified by the relevant apparatus committees;

For the slow-front phase-to-phase overvoltage: a standard combined switching impulse
with peak value equal to the peak value of the assumed maximum of the slow-front phase-
to-phase overvoltages;

For the slow-front (or fast-front) longitudinal overvoltage: a combined voltage consisting of
a standard switching (or lightning) impulse and of a power-frequency voltage, each with
peak value equal to the two relevant assumed maximum peak values, and with the instant
of impulse peak coinciding with the peak of the power-frequency of opposite polarity.

Det inati f 11 -ordinati ithst | It (Ue)

The getermination of the co-ordination withstand voltages consists of determining the, Iqwest
valugs of the withstand voltages of the insulation meeting the performance critefion when

subjgcted to the representative overvoltages under service conditions.

The go-ordination withstand voltages of the insulation have the shape of.thé represenfative
overyoltages of the relevant class and their values are obtained by multiplying the valups of
the representative overvoltages by a co-ordination factor. The value of the co-ordinjation
factof depends on the accuracy of the evaluation of the representative-overvoltages and ¢n an
empifical, or on a statistical appraisal of the distribution of the overvoltages and of the

insulftion characteristics.

The [co-ordination withstand voltages can be determined as either conventional assyimed
withgtand voltages or statistical withstand voltages. Thi§ affects the determination procedure

and the values of the co-ordination factor.

Simulations of overvoltage events combined with’ the simultaneous evaluation of the risk of
failure, using the relevant insulation charagteristics, permit the direct determination of the
statigtical co-ordination withstand voltages ‘without the intermediate step of determining the

reprgsentative overvoltages (see Figure-H.

5.4

Determination of the required withstand voltage (U,,)

The fetermination of the required withstand voltages of the insulation consists of converting

the

co-ordination withstand)) voltages to appropriate standard test conditions. Thjs is

accofnplished by multiplying the co-ordination withstand voltages by factors which
compensate the differences between the actual in-service conditions of the insulation and

those in the standand withstand voltage tests.

The [factors te/be applied shall compensate atmospheric conditions by—the—atmospheric

altitupde correction factor-K, K, and the effects listed below by a safety factor K.

Effegts‘combined in a safety factor Kg:

the differences in the equipment assembly;

the dispersion in the product quality;

the quality of installation;

the ageing of the insulation during the expected lifetime;

other unknown influences.

If, however, these effects cannot be evaluated individually, an overall safety factor, derived
from experience, shall be adopted (see IEC 60071-2).



https://iecnorm.com/api/?name=bab7891cd6f85ea490210193f3f7a7fc

- 20 - IEC 60071-1:2019 RLV © |IEC 2019

For—altitude—correstion For external insulation, the altitude correction factor K, which
considers only the average air pressure corresponding to the altitude has to be applied. The
altitude correction factor K, has to be applied whatever is the altitude.

If it is necessary to consider temperature, humidity and pressure, the atmospheric correction
factor K, shall be applied instead of K.

K shall be used in an inverse way.

5.5 Selection of the rated insulation level

The $election of the rated insulation level consists of the selection of the most economicial set
of stpndard rated withstand voltages (U,,) of the insulation sufficient to prove that,all the
requifed withstand voltages are met.

The highest voltage for equipment is then chosen as the next standard value ofU,,, equal|to or
highgr than the highest voltage of the system (Ug) where the equipment wilkbée installed.

For g¢quipment to be installed under normal environmental conditiohs ‘relevant to insulation,
U,, shall be at least equal to Uj.

For ¢quipment 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 hjgher
than [Ug according to the special needs involved.

NOTE[1 As an example, the selection of a U, value higher than the next standard value of U _ equal to or higher
than ¥ —may can arise when the equipment has to be installed at an altitude higher than 1 000 m in orfer to
compgnsate the decrease of withstand voltage of the external’ insulation.

Standgardization of tests, as well as the selection of the relevant test voltages, to prove the
compliance with U,,, are performed by the& relevant apparatus committees (e.g. pollution fests,
partial discharge voltage tests).

The [withstand voltages to preve that the required temporary, slow-front and fastifront
withgtand voltages are met, for’ phase-to-earth, phase-to-phase and longitudinal insulation,
may |be selected with the same shape as the required withstand voltage, or with a different
shapp, exploiting, for this.last selection, the intrinsic characteristics of the insulation.

The palue of the rated withstand voltage is then selected in the list of the standard rated
withgtand voltages reported in 5.6 and 5.7, as the next value equal to or higher than:

—

Re required withstand voltage in the case of the same shape,

— the required withstand voltage multiplied by the relevant test conversion factor in the [case
of adifferent shape.

NOTE 2 This may allow the adoption of a single standard rated withstand voltage to prove compliance with more
than one required withstand voltage, thus giving the possibility of reducing the number of rated withstand voltages
that would define a rated insulation level (see, for example, 5.10).

NOTE 3 Generally applicable minimum air clearances to assure a specified impulse withstand voltage are
determined with a conservative approach (see Annex A).

For equipment to be used in normal environmental conditions, the rated insulation level
should then preferably be selected from Table 2 and Table 3 corresponding to the applicable
highest voltage for equipment such that these rated withstand voltages are met.

The selection of the standard rated withstand voltage to prove the compliance with the very-
fast-front required withstand voltage shall be considered by the relevant apparatus
committees.
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For surge arresters the required withstand voltages of the insulating housing are based on the
protective levels U, and U,q with suitable safety factors applied as per the apparatus
standard IEC 60099-4. In general, therefore, the withstand voltages shall not be selected from
the lists of 5.6 and 5.7.

5.6 List of standard rated short-duration power frequency withstand voltages

The following RMS values, expressed in kV, are standardized as withstand voltages: 10, 20,
28, 38, 50, 70, 95, 115, 140, 185, 230, 275, 325, 360, 395, 460, 510, 570, 630, 680, 710, 790,
830, 880, 960, 975, 1 050, 1 100, 1 200.

()]
-
(=]

5.7 | List of standard rated impulse withstand voltages
The following peak values, expressed in kV, are standardized as withstand voltages: 2Q, 40,

60, 715, 95, 125, 145, 170, 200, 250, 325, 380, 450, 550, 650, 750, 850,.,950, 1 050, 1|175,
1300, 1425, 1 550, 1 675, 1 800, 1 950, 2 100, 2 250, 2 400, 2 550, 2700, 2 900, 3 100

5.8 | Ranges for highest voltage for equipment
The $tandard highest voltages for equipment are divided in two.fanges:

— range |: Above 1 kV to 245 kV included (Table 2)/This range covers both transmigsion
ahd distribution systems. The different operational aspects, therefore, shall be taken into
agcount in the selection of the rated insulation Jevel of the equipment.

— range Il: Above 245 kV (Table 3). This rangée covers mainly transmission systems.

5.9 Environmental conditions

5.9.1 Normal environmental conditions

The hormal environmental conditions that are of concern for insulation coordination and for
whiclh withstand voltages can b€ usually selected from Table 2 or Table 3 are the following:

a) Tlhe ambient air temperature does not exceed 40 °C and its average value, measured|over
al period of 24 h, does not exceed 35 °C. The minimum ambient air temperature is =10 °C

for class “—10 outdopr”, —25 °C for class “-25 outdoor” and -40 °C for class “~40 outdoor”.

b) The altitude dees™not exceed 1 000 m above sea level.

c) The ambieht-air is not significantly polluted by dust, smoke, corrosive gases, vapours or
splt. Pollution does not exceed pollutionHdevel-H class ¢ — Medium, according to-TFablg-4-of
EC800¥%1-2 IEC TS 60815-1.

d) Tlhe{presence of condensation or precipitation is usual. Precipitation in form of |dew,
condensation, fog, Taif, snow, Ice or hoar frost 1S considered:

NOTE Precipitation characteristics for insulation are described in IEC 60060-1.—Fer—other—properties;
O ) in 1EC 60721-2-2.

5.9.2 Standard reference atmospheric conditions

The standard reference atmospheric conditions for which the standardized withstand voltages
apply are:

a) temperature: to =20 °C

b) pressure: po = 1013 hPa (1 013 mbar)

c) absolute humidity: sy = 11 g/m3.
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5.10 Selection of the standard insulation level

2019

The association of standard rated withstand voltages with the highest voltage for equipment
has been standardized to benefit from the experience gained from the operation of systems
designed according to IEC standards and to enhance standardization.

The standard rated withstand voltages are associated with the highest voltage for equipment
according to Table 2 for range | and Table 3 for range Il. These standard rated withstand
voltages are valid for the normal environmental conditions and are adjusted to the standard
reference atmospheric conditions.

NOTE| For withstand voltages used in some countries and not defined as standard insulation levels, see Ann

The pssociations obtained by connecting standard rated withstand voltages of all eol
withqut crossing horizontal marked lines are defined as standard insulation levels:

Furtermore, the following associations are standardized for phase-to-phase/and longitu
insulation:

Morel than one preferred association is foreseen for most of the highest voltage
equigment to allew for the application of different performance criteria or overvoltage patt

For

Fpr phase-to-phase insulation, range |, the standard rated short-duration power-frequ

tg-earth withstand voltages (Table 2). The values in brackets; however, may be insuff
tg prove that the required withstand voltages are met{and additional phase-to-p
wlithstand voltage tests may be needed.

Fpr phase-to-phase insulation, range |l, the standafd lightning impulse withstand vo
hase-to-phase is equal to the lightning impulse phase-to-earth.

p

Fpr longitudinal insulation, range |, the standatd rated short-duration power-frequency
ightning impulse withstand voltages are equal to the relevant phase-to-earth withj
bltages (Table 2).

or longitudinal insulation, range Il, the standard switching impulse component o
bmbined withstand voltage is given in Table 3, while the peak value of the pq

O M <

frequency component of opposite polarity is U, x \/E/\/g
Fpr longitudinal insulation range Il, the standard lightning impulse component o
cpmbined withstand voltage’is equal to the relevant phase-to-earth withstand vo

(Table 3), while the peak_value of the power-frequency component of opposite polan

0|7 x Uy, x \/E/\/g

ex B.

ymns

dinal

ency

apd lightning impulse phase-to-phase withstand voltages are gqual to the relevant phase-

cient
hase

Itage

and
ttand

f the
wer-

f the
Itage
ity is

5 for
erns.

e preferfed associations, only two standard rated withstand voltages are sufficignt to
defing the nated insulation level of the equipment:

Fereqtipmentinrange+

a) the standard rated lightning impulse withstand voltage and,

b) the standard rated short-duration power-frequency withstand voltage.
For equipment in range I:

a) the standard rated switching impulse withstand voltage, and

b) the standard rated lightning impulse withstand voltage.

If technically and economically justified, other associations may be adopted.
recommendations of 5.1 to 5.8 shall be followed in every case. The resulting set of standard
rated withstand voltages shall be termed, therefore, rated insulation level. Particular examples
are:

The
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For external insulation, for the higher values of U, in range |, it-may can be more
economical to specify a standard rated switching impulse withstand voltage instead of a
standard rated short-duration power-frequency withstand voltage.

For internal insulation in range Il, high temporary overvoltages—may can require the
specification of a standard rated short-duration power-frequency withstand voltage.
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Table 2 — Standard insulation levels for range | (1 kV < U,,, < 245 kV)

Highest voltage
for equipment,

Standard rated short-
duration power-frequency

Standard rated
lightning impulse

Un withstand voltage withstand voltage
kV kV kV
(RMS value) (RMS value) (peak value)

20
3,6 10
40
40
7,2 20
60
60
12 28 75
95
75
17,548 38
95
95
24 50 125
145
145
36 70
170
522 95 250
72,5 140 325
100 ® (150) (380)
185 450
123 (185) (450)
230 550
(185) (450)
145 230 550
275 650
(230) (550)
1702 275 650
325 750
(275) (650)
(325) (750)
245 360 850
395 950
460 1 050

NOTE If values in brackets are considered insufficient to prove that the required
phase-to-phase withstand voltages are met, additional phase-to-phase withstand
voltage tests are needed.

future.

2 These U, are non-preferred values in IEC 60038 and—thus—no-—meost-frequently
combinations—standardized—in—apparatus—standards—are—given therefore seldom

used. These values should not be used for new systems to be constructed in

b This U,, value is not mentioned in IEC 60038 but it has been introduced in range |
in some apparatus standards.
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Table 3 — Standard insulation levels for range Il (U, > 245 kV) (1 of 2)

Standard rated switching impulse withstand voltage
Highest Standard rated
voltage for . . lightning impulse
equipment, L_ongltu_dlnaal Phase-to-earth | Phase-to-phase W'thSta“E
U, insulation voltage
kv kv kv phase.to-earth kv
(RMS value) (peak value) (peak value) peak value) (peak value)
850
750 750 1.50
950
300 ¢
950
750 850 1,50
1050
950
850 850 1,50
1 050
362
1050
850 950 1,50
1175
1050
850 850 1,60
1175
1175
420 950 950 1,50
1300
1300
950 1 050 1,50
1425
1175
950 950 1,70
1300
1300
550 950 1 050 1,60
1425
950 1425
1175 1,50
1,050 1550
1675
1175 1 300 1,70
1800
1800
800 1175 1425 1,70
1950
1175 1950
1550 1,60
1300 2100
1950
- 14254 -
2100
2100
1425 1 550 1,70
2 250
1100
2 250
1550 1675 1,65
2 400
2 400
1675 1800 1,6
2 550
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Standard rated switching impulse withstand voltage

Highest Standard rated
voltage for lightning impulse
equipment Longitudinal (peak value) oo withstand

U, insulation 2 Phase-to-earth Phase-to-phase voltage P
(RMSk\v/alue) ( eall(\\jalue) ( eakk\\falue) pé;as't;?tgo';g?th ( eakk\\falue)
P P peak value) P
2100
1 550 1875 170
2 250
2 250
1200 1675 1800 1,65
2 400
2)550
1800 1950 1,60
2700

power-frequency component of opposite polarity is U x \/E/\/g /

Value of the impulse voltage component of the relevant combined test\Wwhile the peak value of the

These values apply as for phase-to-earth and phase-to-phasé€.insulation as well; for longitudinal
insulation they apply as the standard rated lightning impulse ‘eomponent of the combined standard
rated withstand voltage, while the peak value of the.-pewer-frequency component of opposite

polarity is 0,7 x U x \/E/\/E .
° This U, is a non-preferred value in IEC 60038.

This value is only applicable to the phasedto-earth insulation of single phase equipment not
exposed to air.

5.11
5.11.

The s
takin
seled

IEC ¢
parti

In ra
impu

1 General

Background of the standardiinsulation levels

standard insulation levels given in Table 2 and Table 3 reflect the experience of the
j into account madern protective devices and methods of overvoltage limitation.
tion of a particular standard insulation level should be based on the insulatiop co-
ordinjation procedure-in accordance with the insulation co-ordination procedure describ

hge |, the standard rated short-duration power-frequency or the standard rated ligh
se‘withstand voltage should cover the required switching impulse withstand voltages

orld,
The

ed in

0071-2-{third-edition} and should take into account the insulation characteristics gf the
ular equipfnent being considered.

tning

phas

e-10-earth and phase-to-phase as well as the required longitudinal withstand voltage.

In range Il, the standard rated switching impulse withstand voltage should cover the required
short-duration power-frequency withstand voltage if no value is required by the relevant

apparatus committee.

In order to meet these general requirements, the required withstand voltages should be
converted to those voltage shapes for which standard rated withstand voltages are specified
using test conversion factors. The test conversion factors are determined from existing results
to provide a conservative value for the rated withstand voltages.

This document leaves it to the relevant-apparatus technical committee to prescribe a long-
duration power-frequency test intended to demonstrate the response of the equipment with

respect to ageing of internal insulation or to external pollution{see-alselEC-60507}.
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.2 Standard rated switching impulse withstand voltage

In Table 3, standard rated switching impulse withstand voltages associated with each highest
voltage for equipment have been chosen in consideration of the following:

a) for equipment protected against switching overvoltages by surge arresters:

b) far equipment not protected against switching overvoltages by surge arresters:

5.1

In Tgble 3, standard rated lightning impulse withstand voltages associated with each star
rated switching impulse withstand voltage have been chosen in gonsideration of the follov

a) for equipment protected by close surge arresters, the™Now values of lightning im

= =

b) fgr equipment not protected by surge arresters (or not effectively protected), onl
hlgher values of lightning impulse withstand<voltages shall be used. These higher v
afe based on the typical ratio of the lightning and switching impulse withstand voltagfns of
the external insulation of apparatus (e.g. circuit-breakers, disconnectors, instru

trensformers, etc.). They are chosenlin such a way that the insulation design w
determined mainly by the ability \of the external insulation to withstand the swit

6

6.1

Standard withstand voltage tests are performed to demonstrate, with suitable confidence

the
with
with

arhieved with surge arresters, and by adding appropriate margins;

i a few extreme cases, provision should be made for a higher value of lightning im
wlithstand voltage. This higher value shall be chosen from the series of standard v
glven in 5.6 and 5.7.

the expected values of temporary overvoltages;
the characteristics of presently available surge arresters;

and the switching impulse withstand voltage of the equipment;

the acceptable risk of disruptive discharge considering the probable~rang
overvoltages occurring at the equipment location;

the degree of overvoltage control generally deemed economical, and\ obtainab
careful selection of the switching devices and in the system design.

J3 Standard rated lightning impulse withstand voltage

ithstand level are applicable. They are chosen byytaking into account the rat
ightning impulse protective level to switching ifmpulse protective level likely t

mpulse test voltages;

Requirements for standard withstand voltage tests

Generalrequirements

gctual withstand voltage of the insulation is not lower than the corresponding spe

the co-ordination and safety factors between the protective level of the surge arrester

e by

dard
ng:

bulse
o of
b be

the
hlues

ent
Il be
thing

bulse
hlues

that
cified
rated

jtand voltage. The voltages applied in withstand voltage tests are standard

In general, withstand voltage tests consist of dry tests performed in a standard situation (test
arrangement specified by the relevant apparatus committees and the standard reference
atmospheric conditions). However, for non-weather protected external insulation, the standard
short-duration power-frequency and switching impulse withstand voltage tests consist of wet
tests performed under the conditions specified in IEC 60060-1.

During wet tests, the rain shall be applied simultaneously on all air and surface insulation
under voltage.

If the atmospheric conditions in the test laboratory differ from the standard reference
atmospheric conditions, the test voltages shall be corrected according to IEC 60060-1.
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impulse withstand voltages shall be verified for both polarities, unless the relevant

apparatus committees specify one polarity only.

When it has been demonstrated that one condition (dry or wet) or one polarity or a
combination of these produces the lowest withstand voltage, then it is sufficient to verify the
withstand voltage for this particular condition.

The insulation failures that occur during the test are the basis for the acceptance or rejection
of the test specimen. The relevant apparatus committees or technical committee 42 shall
define the occurrence of a failure and the method to detect it.

Whel\ the standard rated withstand voltage of phase-to-phase (or longitudinal) insulatipn is
equa

to that of phase-to-earth insulation, it is recommended that phase-to-phas¢ (or

longifudinal) insulation tests and phase-to-earth tests be performed together by connecting

one ¢f the two phase terminals to earth.

6.2

Standard short-duration power-frequency withstand voltage tests

A stgndard short-duration power-frequency withstand voltage test consists of one application
of the relevant standard rated withstand voltage to the terminals of-the insulation configuration.

Unless otherwise specified by the relevant apparatus committees, the insulation is considered
to h@ve passed the test if no disruptive discharge occurs. However, if one disruptive
discHarge occurs on the self-restoring insulation during- a‘wet test, the test may be repgated
once| and the equipment is considered to have passSed the test if no further disruptive

dischlarge occurs.

When the test cannot be performed (such as for transformers with non-uniform insulation), the
relevant apparatus committees may specify” frequencies up to few hundred hertz| and
durafions shorter than 1 min. Unless otherwise justified, the test voltages shall be the same.

6.3

Standard impulse withstand voltage tests

A stgndard impulse withstand yeltage test consists of a specified number of applicatiops of

the

relevant standard rated withstand voltage to the terminals of the insulation configuration.

Diffefent test procedures may’be selected to demonstrate that the withstand voltages ar¢ met

with & degree of confidence that experience has shown to be acceptable.

The fest procedure.shall be selected by the apparatus committees from the following test

procgdures which.are standardized and fully described in IEC 60060-1:

three-impulse withstand voltage test in which no disruptive discharge is tolerated;

fifteen-impulse withstand voltage test in which up to two disruptive discharges on the|self-
g¢storing insulation are tolerated;

—

three-impulse withstand voltage test in which one disruptive discharge on the self-
restoring insulation is tolerated. If this occurs, nine additional impulses are applied during
which no disruptive discharge is tolerated,;

the up-and-down withstand voltage test with seven impulses per level in which disruptive
discharges on self-restoring insulation are tolerated;

the up-and-down test with one impulse per level, which is recommended only if the
conventional deviation, z, defined in IEC 60060-1 is known. The values suggested there,
z =6 % for switching and z =3 % for lightning impulses, shall be used if, and only if, is
known that z < 6 % and z < 3 %, respectively. Otherwise other methods shall be used.
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In all the test procedures described above no disruptive discharge is tolerated on the non-
self-restoring insulation. In the case of a fifteen-impulse withstand voltage test performed on
equipment where both self-restoring and non-self-restoring insulations are involved, the
IEC 60060-1 fifteen-impulse withstand voltage test procedure is adapted and used to verify
that no disruptive discharge occurs in the non-self-restoring insulation. This two out of fifteen-
impulse withstand voltage test adapted procedure is the following for each polarity: It could be
taken as an indication that no failure has happened in the non-self-restoring insulation, when
the last three impulses have not led to a disruptive discharge. In case of a disruptive
discharge at one of the impulse numbers 13 to 15, up to three additional pulses can be
applied (maximum 18). When no further disruptive discharge occurs, the test object has
passed the test, if not otherwise specified by the relevant technical committee.

-
il
— th

Thic
Fhisftw
maxi

No statistical meaning can be given to the three-impulse withstand voltage test in whigh no
disruptive discharge is tolerated (P, is assumed to be 100 %)._Its use is limited to casps in
whiclh the non-self-restoring insulation may be damaged“by a large number of voltage
applipations.

When selecting a test for equipment in which nonzself-restoring insulation is in parallell with
self-lestoring insulation, serious consideration should be given to the fact that in somg test
procgedures voltages higher than the rated withstand voltage may be applied and many
disruptive discharges may occur.

6.4 | Alternative test situation

When it is too expensive or too difficult or even impossible, to perform the withstand voltage
tests|in standard test situations, the apparatus committees, or technical committee 42, |shall
spec|fy the best solution to:prove the relevant standard rated withstand voltages.|One
poss|bility is to perform the testin an alternative test situation.

An alternative test ,situation consists of one or more different test conditions |(test
arrarjgements, values~ or types of test voltages, etc.). It is necessary, thereforg¢, to
demg@nstrate that the physical conditions for the disruptive discharge development, relevant to
the sfandard sijtuation, are not changed.

NOTE| A typical example is the use of a single voltage source for the tests of longitudinal
insulation;”while insulating the base, instead of a combined voltage test. In this case|, the
demansiration mentioned above concerning the disruptive discharge development is alvery
stringent condition for the acceptance of the alternative.

6.5 Phase-to-phase and longitudinal insulation standard withstand voltage tests for
equipment in range |

6.5.1 Power-frequency tests

For some equipment with 123 kV < U, <245 kV, the phase-to-phase (or longitudinal)
insulation may require a power-frequency withstand voltage higher than the phase-to-earth
power-frequency withstand voltage as shown in Table 2. In such cases the test shall be
preferably performed with two voltage sources. One terminal shall be energized with the
phase-to-earth power-frequency withstand voltage and the other with the difference between
the phase-to-phase (or longitudinal) and the phase-to-earth power-frequency withstand
voltages. The earth terminal shall be earthed.
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Alternatively, the test may be performed:

2019

with two equal power-frequency voltage sources in phase opposition, each energizing one
phase terminal with half of the phase-to-phase (or longitudinal) insulation power-frequency
withstand voltage. The earth terminal shall be earthed;

with one power-frequency voltage source. The earth terminal may be allowed to assume a
voltage to earth sufficient to avoid disruptive discharges to earth or to the earth terminal.

NOTE |If, during the test, the terminal earthed in service is carried to a voltage which influences the ele
stresses on the phase terminal (as occurs in compressed gas longitudinal insulation having U_ > 72,5 kV), means
should will then be adopted to maintain this voltage as close as possible to the difference between the test voltage
of the phase-to-phase (or longitudinal) insulation and that of the phase-to-earth insulation.

6.5.2 Phase-to-phase (or longitudinal) insulation lightning impulse tests

The

volta
such
insul

the

t

even

Whe

test ghall be adopted with an impulse component equal to the‘phase-to-earth lightning im
withsltand voltage and a power-frequency component with the peak value of opposite po
equa

lightning impulse withstand voltages. Alternatively{ for external insulation, the relg

apparatus committees may specify that the phase-té-earth insulation be increased.

6.6

The

requirements:

The {est shall be repeated for all possible combinations of the phase terminals, unless pr
unneggssary by considerations of electrical symmetry.

e

- = =

the test configuration shall«guitably duplicate the service configuration, especially
reference to the influence of.the earth plane;

the earth terminal shall be connected to earth;
N phase-to-phase;tests the terminal of the third phase shall be either removed or eart
n longitudinalhinsulation tests the terminals of the other two phases shall be ¢

ctrical

phase-to-phase (or longitudinal) insulation may require a lightning impulse "withs
pe higher than the standard phase-to-earth withstand voltage as showp.in Table
cases, the relevant tests shall be performed immediately after the phase-to-
btion tests increasing the voltage without changing the test arrangement. In evalu
bst results, the impulses leading to disruptive discharge to earth are considered as
S.

h the number of discharges to earth does not allow the test to be performed, a comf

to the difference between the phase-to-phase (or, longitudinal) and the phase-to-

Phase-to-phase and longitudinal insulation standard withstand voltage tests 1
equipment in range Il

combined voltage withstand voltage test shall be performed meeting the follg

ach component of the.test voltage shall have the value specified in 5.10;

moved erearthed.

stand
2. In
earth
ating
non-

bined
bulse
larity
earth
evant

or

wing

with

hed;
ither

oved

In the evaluation of the test results, any disruptive discharge is counted. More detailed
recommendations for the tests are given by apparatus committees and IEC 60060-1.

For special applications, the relevant apparatus committees may extend to longitudinal
insulation lightning impulse withstand voltage tests of range Il the same test procedure
applicable to equipment of range |I.
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Annex A
(normative)

Clearances in air to assure a specified impulse
withstand voltage installation

A.1 General

In complete installations (e.g. substations) which cannot be tested as a whole, it is necessary
to ensurethatthedietectricstrengthrisadequate:

The [switching and lightning impulse withstand voltages in air at standard{/refenence
atmoppheric conditions shall be equal to, or greater than, the standard rated, Switchind and
lightning impulse withstand voltages as specified in this document. Following, this pringiple,
minimum clearances have been determined for different electrode configurations.| The
minimum clearances specified are determined with a conservative approach, taking| into
accolnt practical experience.

Thesg clearances are intended solely to address insulation co-ordination requirements. Safety
requirements may result in substantially larger clearances.

Tablgs A.1, A.2 and A.3 are suitable for general application, as they provide minimum
clearpnces ensuring the specified insulation level.

These clearances may be lower if it has been proven by tests on actual or similar
configurations that the standard impulse withstand voltages are met, taking into accoupt all
relevant environmental conditions which can_create irregularities on the surface of electrpdes,
for exkample rain, pollution. These distances>are therefore not applicable to equipment which
has @ mandatory impulse type test included in the specification, since a mandatory mipimal
clearpnce might hamper the design of equipment, increase its cost and impede progress.

The ¢learances may also be lower, where it has been confirmed by operating experiencg that
the ¢vervoltages are lower «than those expected in the selection of the standard fated
withgtand voltages or that the)gap configuration is more favourable than that assumed fgr the
recommended clearances.

¢ A.1 correlates the minimum air clearances with the standard rated lightning impulse
tand voltage\for electrode configurations of the rod-structure type and, in addition for
¢ 1, of theléonductor-structure type. They are applicable for phase-to-earth clearancg¢s as
as for clearances between phases (see note in Table A.1).

voltage phase-to-earth. The conductor-structure configuration covers a large range for
normally used configurations.

Table A.3 correlates the minimum air clearances for electrode configurations of the conductor-
conductor type and the rod-conductor type with the standard rated switching impulse
withstand voltage phase-to-phase. The unsymmetrical rod-conductor configuration is the
worst electrode configuration normally encountered in service. The conductor-conductor
configuration covers all symmetrical configurations with similar electrode shapes on the two
phases. The air clearances applicable in service are determined according to the rules set out
in Clauses A.2 and A.3.
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A.2 Rangel Lightning impulse

The air clearance phase-to-earth and phase-to-phase is determined from Table A.1 for the
rated lightning impulse withstand voltage. The standard rated short-duration power-frequency
withstand voltage can be disregarded when the ratio of the standard rated lightning impulse
withstand voltage to the standard rated short-duration power-frequency withstand voltage is
higher than 1,7.
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Table A.1 — Correlation between standard rated lightning impulse
withstand voltages and minimum air clearances

Standard rated lightning impulse Minimum clearance
withstand voltage mm
kV Rod-structure Conductor-structure
20 60 -
40 60 -
60 90 -
+5 420
95 160 -
125 220 -
145 270 =
170 320 -
200 380 -
250 480 -
325 630 -
380 750 -
450 900 -
550 1100 -
650 1300 -
750 1500 -
850 1700 1600
950 1900 1700
1050 2 100 1900
1175 2 350 2 200
1300 2 600 2 400
1425 2 850 2 600
1650 3100 2900
1675 3 350 3100
1800 3 600 3300
1950 3900 3600
2 100 4 200 3900
2 250 4 500 4 150
2400 4-800 450
2 550 5100 4 700
2700 5400 5000
NOTE The standard rated lightning impulse withstand voltages are applicable phase-to-phase and
phase-to-earth.
For phase-to-earth, the minimum clearance for conductor-structure and rod-structure is applicable.
For phase-to-phase, the minimum clearance for rod-structure is applicable.
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A.3 RangeH Switching impulse

The phase-to-earth clearance is the higher value of the clearances determined for the rod-
structure configuration from Table A.1 for the standard rated lightning impulse withstand
voltages, and from Table A.2 for the standard rated switching impulse withstand voltages

B

The phase-to-phase clearance is the higher value of the clearances determined for the rod-
structure configuration from Table A.1 for the standard rated lightning impulse withstand voltages
and from Table A.3 for the standard switching impulse withstand voltages-respectively.

The Values are valid for altitudes which have been taken into account in the determinatipn of
the required withstand voltages.

The ¢learances necessary to withstand the standard rated lightning impulse withstand voltage
for the longitudinal insulation in range Il can be obtained by adding 0,7 times the hiﬁhest
voltage of a system (Ug) phase-to-earth peak to the value of the standard rated lightning
impul|se withstand voltage and by dividing the sum by 500 kV/m.

The clearances necessary for the longitudinal standard rated switching impulse withgtand
voltape in range Il are smaller than the corresponding phase-toftphase value. Such cleargnces
usually exist only in type tested apparatus and minimum values-are therefore not given in this
document.

Table A.2 — Correlation between standard rated switching impulse
withstand voltages and minimum phase-to-earth air clearances

Standard rated switching Minimum phase-to-earth clearance
impulse withstand voltage mm
kV Rod-structure Conductor-structure
750 1900 1600
850 2 400 1800
950 2900 2 200
1050 3400 2 600
1175 4100 3100
1300 4 800 3 600
1425 5 600 4 200
1550 6 400 4900
1675 7 400 5600
1800 8 300 6 300
1956 9-506 7200
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Table A.3 — Correlation between standard rated switching impulse
withstand voltages and minimum phase-to-phase air clearances

Standard rated switching impulse

withstand voltage

Minimum phase-to-phase clearance

mm
Phase-to- Ratio of phase-to- Phase-to- Conductor-conductor Rod-
earth phase value to phase parallel conductor
phase-to-earth value
kV kV
750 1,50 1125 2 300 2 600
850 1,50 1275 2 600 3100
850 1,60 1360 2900 3400
950 1,50 1425 3100 3 600
950 1,70 1615 3700 4,300
1 050 1,50 1575 3600 4 200
1050 1,60 1680 3900 4 600
1175 1,50 1763 4 200 5000
1300 1,70 2210 6 100 7 400
1425 1,70 2423 7,200 9 000
1550 1,60 2 480 7 600 9 400
1550 1,70 2 635 8 400 10 000
1675 1,65 2 764 9100 10 900
1675 1,70 2 848 9 600 11 400
1800 1,60 2 880 9 800 11 600
1 800 1,65 2970 10 300 12 300
1950 1,60 3120 11 200 13 300
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Annex B
(informative)

Values—of Rated insulation levels for4kV<U_ <245 kVfor
highest voltages-for of equipment, U, not standardized by IEC

Lermed e cerenl ppac e s e S o e ce e n s

Tablg—B+-gives—the—vattes—o ec—ns or—tevets—fo v <24 v
voltapes of equipment U,, not standardized by IEC based on current practice in\$ome
counfries.

Table B.1 — Rated insulation levels for highest voltages
of equipment, U,,, not standardized by IEC

Highest voltage Standard rated short-duration Standard rated
for equipment, power-frequency lightning impulse
U, withstand voltage withstand voltage
kV kV kV
(RMS value) (RMS value) (peak value)
80 185
40,5 80 190
85 200
140 325
82,5
150 380
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INSULATION CO-ORDINATION -

Part 1: Definitions, principles and rules

FOREWORD
1) Thie International Electrotechnical Commission (IEC) is a worldwide organization for standardization_comprising
all| national electrotechnical committees (IEC National Committees). The object of IEC is")to/ prpmote

international co-operation on all questions concerning standardization in the electrical and electronic fielfls. To
end and in addition to other activities, IEC publishes International Standards, Technical<Specificgtions,
Telchnical 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 intefested
in |[the subject dealt with may participate in this preparatory work. International, governmental and non-
gojernmental organizations liaising with the IEC also participate in this preparation, {EC collaborates dlosely
with the International Organization for Standardization (ISO) in accordance with conditions determinfed by
agfeement between the two organizations.

2) Thee formal decisions or agreements of IEC on technical matters express, as n€arly as possible, an international
cohsensus of opinion on the relevant subjects since each technical cdmmittee 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
Cdmmittees in that sense. While all reasonable efforts are made to’ensure that the technical content ¢f IEC
Publications is accurate, IEC cannot be held responsible for’the way in which they are used or fqr any
mipinterpretation by any end user.

4) In|order to promote international uniformity, IEC National Committees undertake to apply IEC Publidations
trgnsparently to the maximum extent possible in theirynational and regional publications. Any divergence
befween any IEC Publication and the corresponding pational or regional publication shall be clearly indicgted in
the latter.

5) IECL itself does not provide any attestation of conformity. Independent certification bodies provide confprmity
aspessment services and, in some areas, aecess to IEC marks of conformity. IEC is not responsible fpr any
sefvices carried out by independent certification bodies.

6) Alllusers should ensure that they have,the latest edition of this publication.

7) N(d liability shall attach to IEC or its\directors, employees, servants or agents including individual experfs and
megmbers of its technical committees and IEC National Committees for any personal injury, property damgge or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othgqr IEC
Publications.

8) Atfention is drawn to-the/Normative references cited in this publication. Use of the referenced publicatipns is
indispensable for the.correct application of this publication.

9) At{ention 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.

Interpational™ Standard IEC 60071-1 has been prepared by IEC technical committeg 99:
Insulption-co-ordination and system engineering of high voltage electrical power installjtions
above 1.0 kV AC and 1,5 kV DC

This ninth edition cancels and replaces the eighth edition published in 2006 and
Amendment 1:2010. This edition constitutes a technical revision.

It has the status of a horizontal standard in accordance with IEC Guide 108.

The main changes from the previous edition are as follows:

a) all references are updated to current IEC standards, and the bibliography is deleted;
b) some definitions are clarified in order to avoid overlapping and ensure clear understanding;

c) letter symbols are changed and corrected in order to keep the consistency with relevant
IEC standards;

d) some titles are changed to clarify understanding (see Clauses A.2, A.3 and Annex B).
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The text of this International Standard is based on the following documents:

CDV Report on voting
99/199/CDV 99/227/RVC

Full information on the voting for the approval of this International 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 lis
ordin

of all parts in the IEC 60071 series, published under the general title Insulatio
ation, can be found on the IEC website.

n CO-

The ¢ommittee has decided that the contents of the base publication and its amendments will
remajin unchanged until the stability date indicated on the IEC web site ynder
"http]//webstore.iec.ch"” in the data related to the specific publicationN\At this date| the
publitation will be

e regconfirmed,

e withdrawn,

o rgplaced by a revised edition, or

e amended.

IMPORTANT - The “colour inside” logo on_the cover page of this publication indi¢ates
that jt contains colours which are consideréd to be useful for the correct understanding

of itg contents. Users should therefore print this publication using a colour printer.
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INSULATION CO-ORDINATION -

Part 1: Definitions, principles and rules

Scope

2019

This part of IEC 60071 applies to three-phase AC systems having a highest voltage for
equipment above 1 kV. It specifies the procedure for the selection of the rated withgtand
voltapes 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 standard/withstand
voltapes from which the rated withstand voltages are selected.

This document describes that the selected withstand voltages are associated“with the highest

voltape for equipment. This association is for insulation co-ordination_purposes only.
requirements for human safety are not covered by this document.

Althgugh the principles of this document also apply to transmission’line insulation, the v
of the¢ir withstand voltages can be different from the standard rated withstand voltages.

The
test

recomendations of this document.

NOTE| In IEC 60071-2, all rules for insulation co-ordination given in this document are justified in det
particlilar the association of the standard rated withstahd voltages with the highest voltage for equipment.

more

guidance is provided for the selection of the most suitable set.

This

preparation of standards in accordance with the principles laid down in IEC Guide 108.

One

horizpntal standards in the “preparation of its publications. The contents of this horiz

stan

2

The
cont

any

IEC

apparatus committees are responsible for specifying the rated withstand voltages an
procedures suitable for the relevant equipnfent taking into consideration

han one set of standard rated withstand voltages. is associated with the same highest voltage for equif

horizontal standard is primarily®intended for use by technical committees in

of the responsibilities of‘a technical committee is, wherever applicable, to make u

dard will not apply unless specifically referred to or included in the relevant publicatio

Normative references

ollowing-documents are referred to in the text in such a way that some or all of

The

hlues

d the
the

ail, in
When
ment,

the

s5e of
ontal
ns.

their

gnt constitutes requirements of this document. For dated references, only the e

amaendments) annlies
B RGBS ) apPpPHOS-

dition

cited|applies. For undated references, the latest edition of the referenced document (incllrding

60038, IEC standard voltages

IEC 60060-1, High-voltage test techniques — Part 1: General definitions and test requirements

IEC

60071-2, Insulation co-ordination — Part 2: Application guidelines

IEC 60099-4, Surge arresters — Part 4: Metal-oxide surge arresters without gaps for a.c.
systems
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1
insulation co-ordination
seledtion of the dielectric strength of equipment in relation to the operating voltages| and
overyoltages 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

Note {1 to entry: By "dielectric strength" of the equipment, is meant here its rated insulation level (3.36)|or its
standard insulation level (3.37).

[SOURCE: IEC 60050-614:2016, 614-03-08, modified — Note 1 to e€ntry has been added]

3.2
exterfnal insulation
distaphces in atmospheric air, and the surfaces in_c¢a@ntact with atmospheric air of |solid
insulation of the equipment which are subject to_dielectric stresses and to the effegts of
atmogpheric and other environmental conditions.:from the site, such as pollution, humidity,
vermjn, etc.

Note {1 to entry: External insulation is either weather protected or non-weather protected, designed to operate
outside or inside closed shelters, respectively.

[SOURCE: IEC 60050-614:2016, 614-03-02, modified — Note 1 to entry has been added]

3.3
interpal insulation
intermal distances of the solid, liquid, or gaseous insulation of equipment which are protg¢cted
from |the effects of atmaspheric and other external conditions

[SOYRCE: IEC 60050-614:2016, 614-03-03]

3.4
self-restoring insulation
insulation.which completely recovers its insulating properties within a short time interval|after
a disfuptive discharge

Note 1 to entry: Insulation of this kind is generally, but not necessarily, external insulation.

Note 2 to entry: This definition applies 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.

[SOURCE: IEC 60050-614:2016, 614-03-04]

3.5

non-self-restoring insulation

insulation which loses its insulating properties, or does not recover them completely, after a
disruptive discharge
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Note 1 to entry: This definition applies 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.

[SOURCE: IEC 60050-614:2016, 614-03-05]

3.6

insulation configuration terminal

any of the terminals between any two of which a voltage that stresses the insulation can be
applied

Note 1.to entry: The types of terminal are:

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

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

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

3.7
insulation configuration
complete geometric configuration of the insulation in service, consisting of the insulation and
of al| terminals and including all elements (insulating and conducting) which influende its
dieleftric behaviour

Note 1 to entry: The insulation configurations defined in 3.7.1 to 3.7.4@ve identified.

3.71
thre¢-phase insulation configuration
insulaition configuration having three phase terminals, one neutral terminal and one parth
terminal

3.7.2
pha%e-to-earth insulation configuration

threg-phase insulation configuration.where two phase terminals are disregarded and, except
in particular cases, the neutral terminal is earthed

3.7.3
phase-to-phase insulation, configuration
thred-phase insulation.‘configuration where one phase terminal is disregarded. In particular
cases, the neutral and.the earth terminals are also disregarded

3.7.4
long|tudinal(insulation configuration
insul@tion_sconfiguration having two phase terminals and one earth terminal, the phase
terminalsi.belonging to the same phase of a three-phase system temporarily separateq into
two ipdependently energized parts (e.g. open switching devices)

Note 1 to entry: The four terminals belonging to the other two phases are disregarded or earthed. In particular
cases one of the two phase terminals considered is earthed.

3.8

nominal voltage of a system

Un

suitable approximate value of voltage used to designate or identify a system

[SOURCE: IEC 60050-601:1985, 601-01-21, modified — A symbol has been added.]
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3.9

highest voltage of a system

US

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

[SOURCE: IEC 60050-601:1985, 601-01-23, modified — Clear meaning on the voltage has
been added.]

3.10
highest voltage for equipment

U L

highast value of phase-to-phase voltage (RMS value) for which the equipment is designed in
respgct of its insulation as well as other characteristics which relate to this voltage in the
relevant equipment standards

Note 1 to entry: Under normal service conditions specified by the relevant apparatus committée, this voltage can
be applied continuously to the equipment.

[SOYRCE: IEC 60050-614:2016, 614-03-01]

3.1
isolated neutral system
systgm where the neutral point is not intentionally copnected to earth, except for|high
impefdance connections for protection or measurement purposes

[SOYRCE: IEC 60050-601:1985, 601-02-24]

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

[SOYRCE: IEC 60050-601:1985, 601-02-25]

3.13
impedance earthed (neutral) system
systgm whose neutral point(s) is(are) earthed through impedances to limit earth fault currgnts

[SOYRCE: IEC 60050-601:1985, 601-02-26]

3.14
resopnant earthed (neutral) system
systgm in_which one or more neutral points are connected to earth through reactances which
apprti)ximately compensate the capacitive component of a single-phase-to-earth fault current

Note 1 to entry: 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 usually self-extinguishing.

[SOURCE: IEC 60050-601:1985, 601-02-27]

3.15

earth fault factor

k

at a given location of a three-phase system, and for a given system configuration, the ratio of
the highest RMS 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 RMS phase-to-earth
power-frequency voltage which would be obtained at the given location in the absence of any
such fault
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[SOURCE: IEC 60050-614:2016, 614-03-06, modified — A symbol has been added and
description on voltage has been modified.

3.16

continuous voltage

power-frequency voltage, considered having constant RMS value, continuously applied to any
pair of terminals of an insulation configuration

3.17
overvoltage
voltage:

— bgetween one phase conductor and earth or across a longitudinal insulation having-a |peak
hlue exceeding the peak of the highest voltage of the system divided by NEE

v
— bptween phase conductors having a peak value exceeding the amplitude lof-the highest
vpltage of the system

Note 1 to entry: Unless otherwise clearly indicated, such as for surge arresters, overvoltage values expresged in

p.u. rgfer to Uy x \/5/\/5

[SOYRCE: IEC 60050-614: 2016, 614-03-10]

3147/
temporary overvoltage
TOV
powgr-frequency overvoltage of relatively long duration

Note 1 to entry: The overvoltage may be undamped or*weakly damped. In some cases, its frequency may be
severgl times smaller or higher than power frequency.

[SOYRCE: IEC 60050-614:2016, 614-03-18]

3.17.2
trangient overvoltage
shortrduration overvoltage of .few milliseconds or less, oscillatory or non-oscillatory, udually
highly damped

Note 1 to entry: Transient @vervoltages may be immediately followed by temporary overvoltages. In such|cases
the twp overvoltages are considered as separate events.

[SOURCE: IEC 60050-614:2016, 614-03-14]

3.172.1

slowrfront,overvoltage

SFO

transtert uvclvu”ayc, ubua”y unidilcutiuuai, with—time—to pca' 26 S5

duration 7, < 20 ms

p = 5666 #San tail

3.17.2.2

fast-front overvoltage

FFO

transient overvoltage, usually unidirectional, with time to peak 0,1 ys < T4, <20 ps, and tail
duration T, < 300 ps

3.17.2.3

very-fast-front overvoltage

VFFO

transient overvoltage, usually unidirectional with time to peak 7; < 0,1 ys, and with or without
superimposed oscillations at frequency 30 kHz < f< 100 MHz
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3.17.3

combined overvoltage

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

Note 1 to entry: It is classified by the component of higher peak value (temporary, slow-front, fast-front or very-
fast-front).

3.18

standard voltage shapes for test

voltage and the overvoltage shapes for test that are determined in amplitude, wave front,
wave_tail and duration

Note 1 to entry: More details on the following three first standard voltage shapes are given in IEC/600604{1 and
also i) Table 1.

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

3.18.2
stangdard switching impulse
impulse voltage having a time to peak of 250 ys and a time to half-value of 2 500 us

3.183
stangdard lightning impulse
impu|se voltage having a front time of 1,2 ys and a time’to half-value of 50 ys

3.184
stangdard combined switching impulse
for phase-to-phase insulation, combined .impulse voltage having two components of ¢qual
peak|value and opposite polarity

Note 1 to entry: The positive component(is a standard switching impulse and the negative one is a switching
impulgde whose times to peak and half-value should not be less than those of the positive impulse. Both impulses
should reach their peak value at the same instant. The peak value of the combined voltage is, therefore, the gum of
the pegak values of the components:

3.18.)5
stan@lard combined yvoltage
for Idngitudinal insufation, combined voltage having a standard impulse on one terminal and a
powdr-frequency_Veoltage on the other terminal

Note 1 to entry:\_The impulse component is applied at the peak of the power-frequency voltage of opposite pplarity.

3.19
reprg¢sentative overvoltage
Urp

overvoltage assumed to produce the same dielectric effect on the insulation as the
overvoltage of a given class occurring in service due to various origins

Note 1 to entry: Representative overvoltages consist of voltages with the standard shape of the class, and may be
defined by one value or a set of values or a frequency distribution of values that characterize the service conditions.

Note 2 to entry: 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

Note 1 to entry: They are classified as preventing devices (e.g. a preinsertion resistor) or as protective devices
(e.g. a surge arrester).
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lightning impulse protective level

Up

2019

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

[SOURCE: IEC 60050-614:2016, 614-03-56}

3.22

switching impulse protective level

U

ps |
maxi
switc

[SOU

3.23
perfd
basig
acce
will ¢

Note
failure

3.24

mum permissible peak voltage value on the terminals of a protective device subject
hing impulses under specific conditions

RCE: IEC 60050-614:2016, IEC 614-03-57]

)rmance criterion

on which the insulation is selected so as to reduce to an econagmically and operatio
ptable level the probability that the resulting voltage stresses-imiposed on the equip
ause damage to equipment insulation or affect continuity of-service

to entry: The performance criterion is usually expressed in terms of an acceptable failure rate (num
s per year, years between failures, risk of failure, etc.) of the insulation configuration.

withstand voltage

value
durin

Note

a) c
dé

b) sf
wi

Note 4
restor

3.25
co-0
UCW
for e

actua

of the test voltage to be applied under spegified conditions in a withstand voltage
g which a specified number of disruptive discharges is tolerated

to entry: The withstand voltage is designated as:

nventional assumed withstand voltage,\When the number of disruptive discharges tolerated is zerd.

emed to correspond to a withstand probability P, = 100 %;

ptistical withstand voltage, when (the number of disruptive discharges tolerated is related to a sp
thstand probability. In this docunient, the specified probability is P, = 90 %.

to entry: In this document, the conventional assumed withstand voltages are specified for no
ng insulation. The statistical withstand voltages are specified for self-restoring insulation.

rdination withstand voltage

bch class\of voltage, the value of the withstand voltage of the insulation configurati
| serviceconditions, that meets the performance criterion

3.26

ed to

nally
ment

ber of

test,

It is

bcified

h-self-

on in

co-ordination factor

K,

[}
factor by which the value of the representative overvoltage must be multiplied in order to
obtain the value of the co-ordination withstand voltage

3.27

standard reference atmospheric conditions
atmospheric conditions to which the standardized withstand voltages apply

Note 1 to entry: See 5.9.2.
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3.28

required withstand voltage

UI’W

test 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

Note 1 to entry: 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.

3.29

atmospheric correction factor
Ky
factof to be applied to the co-ordination withstand voltage to account for the differenge in
dieleptric strength between the average atmospheric conditions in service and the standard
reference atmospheric conditions

Note ] to entry: It applies to external insulation only, for all altitudes.

Note 4 to entry: For the atmospheric correction factor, the atmospheric conditions\taken into account gre air
pressudre, temperature and humidity. For insulation co-ordination purposes, usually.anly the air pressure correction
needs|to be taken into account.

3.30
altityde correction factor
Ka
factof to be applied to the co-ordination withstand voltage to account for the differenge in
dieleftric strength between the average pressure corresponding to the altitude in servicg and
the standard reference pressure

Note 1 to entry: The altitude correction factor is part ofthe atmospheric correction factor.

3.31
safely factor
KS
overall factor to be applied to the *ce+ordination withstand voltage, after the application qf the
atmogpheric correction factor-\(if required), to obtain the required withstand voltage,
accolnting for all other differences in dielectric strength between the conditions in sdrvice

durinjg life time and those in ‘the standard withstand voltage test

3.32
actugl withstand veltage of an equipment or insulation configuration
an

highgst possible value of the test voltage that can be applied to an equipment or insullation
configurationsin a standard withstand voltage test

3.33
test conversion factor

Ktc

for a given equipment or insulation configuration, the factor to be applied to the required
withstand voltage of a given overvoltage class, in the case where the standard withstand
shape of the selected withstand voltage test is that of a different overvoltage class

Note 1 to entry: For a given equipment or insulation configuration: the test conversion factor of the standard
voltage shape (a) to the standard voltage shape (b) must be higher than or equal to the ratio between the actual
withstand voltage for the standard voltage shape (a) and the actual withstand voltage of the standard voltage
shape (b).

3.34

rated withstand voltage

value of the test voltage, applied in a standard withstand voltage test that proves that the
insulation complies with one or more required withstand voltages


https://iecnorm.com/api/?name=bab7891cd6f85ea490210193f3f7a7fc

- 14 - IEC 60071-1:2019 © IEC

Note 1 to entry: It is a rated value of the insulation of an equipment.

3.35

standard rated withstand voltage

UW

standard value of the rated withstand voltage as specified in this document

Note 1 to entry: See 5.6 and 5.7.

3.36
rated insulation level
set of rated withstand voltages which characterize the dielectric strength of the insulation

2019

3.37
standard insulation level
set gf standard rated withstand voltages which are associated to U, as spegified in
document

Note 1 to entry: See Table 2 and Table 3.

3.38
stangard withstand voltage test
dieleftric test performed in specified conditions to prove that the insulation complies w
standard rated withstand voltage

Note 1 to entry: This document covers:

— short-duration power-frequency voltage tests;
— sWwitching impulse tests;
- 1

ghtning impulse tests;
— c@mbined switching impulse tests;

— co¢mbined voltage tests.

Note 3 to entry: More detailed information-on the standard withstand voltage tests is given in IEC 60060-
also Tpble 1 for the test voltage shapes),

Note 3 to entry: The very-fast-front\impulse standard withstand voltage tests should be specified by the re]
apparatus committees, if required.

4 Abbreviated terms and symbols

4.1 General

The Jists provided below cover only the most frequently used symbols and abbrevia
which are~useful for insulation co-ordination.

this

ith a

(see

levant

tions

4.2 “Subscripts

max maximum

4.3 Letter symbols

f frequency

k earth fault factor

K atmospheric correction factor
K, altitude correction factor

K, co-ordination factor

s safety factor
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Kie test conversion factor

P, withstand probability

Ty front time

T time to half-value of a decreasing voltage

T, time to peak value

T total overvoltage duration

Uaw actual withstand voltage of an equipment or insulation configuration
Ucw co-ordination withstand voltage

Un highest-roltageforequiprment

U, nominal voltage of a system

Up lightning impulse protective level of a surge arrester
Ups switching impulse protective level of a surge arrester
Unp representative overvoltage

Unw required withstand voltage

Us highest voltage of a system

Uy standard rated withstand voltage

4.4 Abbreviations

FFO fast-front overvoltage

ACWV standard rated short-duration power frequency withstand voltage of an
equipment or insulation configuration

LIPL lightning impulse protective-evel of a surge arrester

SIPL switching impulse protective level of a surge arrester

LIWV\ standard rated lightnifng impulse withstand voltage of an equipment gr
insulation configuration

SFO slow-front overvaltage

SIW standard rated*switching impulse withstand voltage of an equipment gr
insulation” configuration

TOV temporary overvoltage

VFFO very-fast-front overvoltage

5 Procedare for insulation co-ordination

5.1 General outline of the procedure

The procedure for insulation co-ordination consists of the selection of the highest voltage for
the equipment together with a corresponding set of standard rated withstand voltages which
characterize the insulation of the equipment needed for the application. This procedure is
outlined in Figure 1 and its steps are described in 5.1 to 5.5. The optimization of the selected
set of U, may require reconsideration of some input data and repetition of part of the
procedure.

The rated withstand voltages shall be selected from the lists of standard rated withstand
voltages given in 5.6 and 5.7. The set of selected standard voltages constitutes a rated
insulation level. If the standard rated withstand voltages are also associated with the same
U,, according to 5.10, this set constitutes a standard insulation level.


https://iecnorm.com/api/?name=bab7891cd6f85ea490210193f3f7a7fc

- 16 - IEC 60071-1:2019 © IEC 2019

Origin and classification of stressing > | System analysis (see 5.2) !
voltages (see 3.16 and 3.17) I |
Protective level of overvoltage limiting
devices (see 3.21 and 3.22) Y
Insulation characteristics Representative Voltages and
- - overvoltages U (see 3.19)
Insulation characteristics s
Performance criterion (see 3.23) Y
Statistical distribution (+) | Selection of t_h_e_ir;s_ul_agian_&;éti_né R
) ' the performance criterion (see 5.3))
Inaccuracy of input data (+) C S N
(+) Effects combined in a co-ordination *
factor X _ (see 3.26) Co-ordination withstand voltages U,
Altitude correction factors X, (see 3.25)
(or atmospheric correction factors X,
(see 3.29 and 3.30) \

QAR NN U URPUIL PP I e
I
|

E.quipm.ent.test assembly ) Application of factors to account for, ",
Dispersion in production *) I the differences between type test !
I

| ogs
Quality of installation *) p | conditions and actual
| service conditions

Ageing in service *) | (see 5.4),
Other unknown factors*) | "o TToTooToTmomofr s T oo e ’
*) Effects combined in a safety factor K ¢
(see 3.31) Required withstand voltages U_
" (see 3.28)
Test conditions (see Clause 6)
Test conversion factor X, (see 3.33) ¢

. | Selection of rated withstand voltages
Standard withstand voltages !)(see 3.34) or standard rated withstand
(see 5.6 and 5.7) ey  voltages U, (see 3.35) from the lists
Ranges of U, (see 5.8) ! in5.6and5.7

Rated or standard insulation level : set of U, (see 3.36 and 3.37)

NQTE In brackets the subclauses Teporting the definition of the term or the description of the action.
l Sided:boxes refer to required input

——————————

__________ | Sided boxes refer to performed actions

| 5> Sided boxes refer to obtained results
EC

Figure*1 — Flow chart for the determination of rated or standard insulation leve

5.2 Determination of the representative voltages and overvoltages (Urp)

The voltages and the overvoltages that stress the insulation shall be determined in amplitude,
shape and duration by means of a system analysis which includes the selection and location
of the overvoltage preventing and limiting devices.

For each class of voltages and overvoltages, this analysis shall then determine a
representative voltage and overvoltage, taking into account the characteristics of the
insulation with respect to the different behaviour at the voltage or overvoltage shapes in the
system and at the standard voltage shapes applied in a standard withstand voltage test as
outlined in Table 1.
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Table 1 — Classes and shapes of overvoltages, standard voltage shapes
and standard withstand voltage tests

Low frequency Transient
Class
Continuous Temporary Slow-front Fast-front Very-fast-front
1/f Ti
Voltage or 1 /\ [
over- NN A N N \
voltage A, Y v M A/ m VV’V
shapes Tt T
- Ti <2 5 Py 1R
T. < 100"ns
Rarnge of _ 10 Hz < f< f
volthge or | /=50 Hzor 500 Hz 20ps <7y < 0.1 ps < T, < 0,3 MHz < 1,|<
oler- 60 Hz 5 000 ps 20 ps 100 MHz
voltage r,>3600s | 0.02s=<T< T, < 20 < L
shppes te 3600s 2= cums T =300 ps 30 kHz < f, K
300 kHz
1/f
1If
~
Stahdard
voltage a
shppes T T 7
T2 < T2 >
f=50Hz 48 Hz < f< _ -
or 60 Hz 62 Hz Ty = 2508 ry=1.2ys
T‘a T,=60s T, = 2500 us T, =50 ps
Stahdard Short-duration Ny . N
witHstand a power SWItcth impulse Lightning impulse a
est test
voltage test frequency test
a8 Tp be specified by the relevant apparatus committees.
The nepresentative voltages(and overvoltages may be characterized either by:
— ap assumed maximum}; or
— alset of peak values, or
— a|complete statistical distribution of peak values.
NOTE]| In the last)case additional characteristics of the overvoltage shapes could have to be considered.
Whenp theadoption of an assumed maximum is considered adequate, the represenfative
overyoltage of the various classes shall be:

— For the continuous power-frequency voltage: a power-frequency voltage with RMS value

equal to the highest voltage of the system, and with duration corresponding to the lifetime
of the equipment;

For the temporary overvoltage: a standard power-frequency short-duration voltage with an
RMS value equal to the assumed maximum of the temporary overvoltages divided by \/5;
For the slow-front overvoltage: a standard switching impulse with peak value equal to the
peak value of the assumed maximum of the slow-front overvoltages;

For the fast-front overvoltage: a standard lightning impulse with peak value equal to the
peak value of the assumed maximum stress of the fast-front overvoltages phase to earth;

NOTE For gas insulated switchgear (GIS) or gas insulated line (GIL) with three-phase enclosure and
insulation levels chosen among the lowest ones for a given U, the phase-to-phase overvoltages could need
consideration.
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For the very-fast-front overvoltage: the characteristics for this class of overvoltage are
specified by the relevant apparatus committees;

For the slow-front phase-to-phase overvoltage: a standard combined switching impulse
with peak value equal to the peak value of the assumed maximum of the slow-front phase-
to-phase overvoltages;

For the slow-front (or fast-front) longitudinal overvoltage: a combined voltage consisting of
a standard switching (or lightning) impulse and of a power-frequency voltage, each with
peak value equal to the two relevant assumed maximum peak values, and with the instant
of impulse peak coinciding with the peak of the power-frequency of opposite polarity.

Det inati f 11 -ordinati ithst | It (Ue)

The getermination of the co-ordination withstand voltages consists of determining the, Iqwest
valugs of the withstand voltages of the insulation meeting the performance critefion when

subjgcted to the representative overvoltages under service conditions.

The go-ordination withstand voltages of the insulation have the shape of.thé represenfative
overyoltages of the relevant class and their values are obtained by multiplying the valups of
the representative overvoltages by a co-ordination factor. The value of the co-ordinjation
factof depends on the accuracy of the evaluation of the representative-overvoltages and ¢n an
empifical, or on a statistical appraisal of the distribution of the overvoltages and of the

insulftion characteristics.

The [co-ordination withstand voltages can be determined as either conventional assyimed
withgtand voltages or statistical withstand voltages. Thi§ affects the determination procedure

and

he values of the co-ordination factor.

Simulations of overvoltage events combined with’ the simultaneous evaluation of the rigk of
failure, using the relevant insulation charagteristics, permit the direct determination of the
statigtical co-ordination withstand voltages ‘without the intermediate step of determining the

reprgsentative overvoltages (see Figure-).

5.4

Determination of the required withstand voltage (U,,)

The fetermination of the requited withstand voltages of the insulation consists of convarting

the

co-ordination withstand)) voltages to appropriate standard test conditions. Thjs is

accofnplished by multiplying the co-ordination withstand voltages by factors which
compensate the differences between the actual in-service conditions of the insulation and

those in the standand withstand voltage tests.

The factors to/be applied shall compensate atmospheric conditions by altitude correction

factoy K, and.the effects listed below by a safety factor K.

Effegts‘combined in a safety factor Kg:

the differences in the equipment assembly;

the dispersion in the product quality;

the quality of installation;

the ageing of the insulation during the expected lifetime;

other unknown influences.

If, however, these effects cannot be evaluated individually, an overall safety factor, derived
from experience, shall be adopted (see IEC 60071-2).

For external insulation, the altitude correction factor K, which considers only the average air
pressure corresponding to the altitude has to be applied. The altitude correction factor K, has
to be applied whatever is the altitude.
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If it is necessary to consider temperature, humidity and pressure, the atmospheric correction
factor K shall be applied instead of K.

K shall be used in an inverse way.

5.5 Selection of the rated insulation level

The selection of the rated insulation level consists of the selection of the most economical set
of standard rated withstand voltages (U,,) of the insulation sufficient to prove that all the
required withstand voltages are met.

The l|1ighest voltage for equipment is then chosen as the next standard value of U,,, equalfto or
highgr than the highest voltage of the system (Ug) where the equipment will be installed.

For ¢quipment to be installed under normal environmental conditions relevant\to insulation,
U, spall be at least equal to Us.

For ¢quipment to be installed outside of the normal environmentaljconditions relevant to
insulation, U,, may be selected higher than the next standard value{of ' U,, equal to or hjgher
than |Ug according to the special needs involved.

NOTE|1 As an example, the selection of a U, value higher than the next standard value of U_ equal to or pigher
than { can arise when the equipment has to be installed at an altitude higher than 1 000 m in order to compg¢nsate
the decrease of withstand voltage of the external insulation.

Stangardization of tests, as well as the selection of;the relevant test voltages, to prove the
compliance with U,,, are performed by the relevant apparatus committees (e.g. pollution fests,
partial discharge voltage tests).

The [withstand voltages to prove that the required temporary, slow-front and fastifront
withgtand voltages are met, for phase-tg=earth, phase-to-phase and longitudinal insulation,
may |be selected with the same shape.@s the required withstand voltage, or with a different
shapg, exploiting, for this last selection, the intrinsic characteristics of the insulation.

The palue of the rated withstand voltage is then selected in the list of the standard rated
withgtand voltages reported'in’5.6 and 5.7, as the next value equal to or higher than:

— the required withstahd voltage in the case of the same shape,

—

Re required withstand voltage multiplied by the relevant test conversion factor in the |case
of a different.shape.

NOTE|2 This may“allow the adoption of a single standard rated withstand voltage to prove compliance witH more
than dne required withstand voltage, thus giving the possibility of reducing the number of rated withstand voltages
that wpuld define a rated insulation level (see, for example, 5.10).

NOTE[3 \ Generally applicable minimum air clearances to assure a specified impulse withstand voltage are
determined with a conservative approach (see Annex A).

For equipment to be used in normal environmental conditions, the rated insulation level
should then preferably be selected from Table 2 and Table 3 corresponding to the applicable
highest voltage for equipment such that these rated withstand voltages are met.

The selection of the standard rated withstand voltage to prove the compliance with the very-
fast-front required withstand voltage shall be considered by the relevant apparatus
committees.

For surge arresters the required withstand voltages of the insulating housing are based on the
protective levels U, and U,g with suitable safety factors applied as per the apparatus
standard IEC 60099-4. In general, therefore, the withstand voltages shall not be selected from
the lists of 5.6 and 5.7.
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5.6 List of standard rated short-duration power frequency withstand voltages

The following RMS values, expressed in kV, are standardized as withstand voltages: 10, 20,
28, 38, 50, 70, 95, 115, 140, 185, 230, 275, 325, 360, 395, 460, 510, 570, 630, 680, 710, 790,
830, 880, 960, 975, 1 050, 1 100, 1 200.

5.7 List of standard rated impulse withstand voltages

The following peak values, expressed in kV, are standardized as withstand voltages: 20, 40,
60, 75, 95, 125, 145, 170, 200, 250, 325, 380, 450, 550, 650, 750, 850, 950, 1 050, 1 175,
1300, 1 425, 1 550, 1 675, 1 800, 1 950, 2 100, 2 250, 2 400, 2 550, 2 700, 2 900, 3 100.

5.8 | Ranges for highest voltage for equipment
The standard highest voltages for equipment are divided in two ranges:
— range |: Above 1 kV to 245 kV included (Table 2). This range covers both transmigsion

nd distribution systems. The different operational aspects, therefore ishall be taken into

a
agcount in the selection of the rated insulation level of the equipment:

— range Il: Above 245 kV (Table 3). This range covers mainly transmission systems.

5.9 Environmental conditions

5.9.1 Normal environmental conditions

The hormal environmental conditions that are of cancern for insulation coordination anld for
withstand voltages can be usually selected from Table 2 or Table 3 are the following:

a) Tlhe ambient air temperature does not exceed40 °C and its average value, measured|over

al period of 24 h, does not exceed 35 °C~Fhe minimum ambient air temperature is =10 °C
for class “—10 outdoor”, —25 °C for class*¥-25 outdoor” and —-40 °C for class “—40 outdoor”.

splt. Pollution does not exceed pollution class ¢ — Medium, according to IEC TS 60815t1.

d) Tlhe presence of condensation or precipitation is usual. Precipitation in form of |dew,

The $tandard reference atmospheric conditions for which the standardized withstand volfages

apply are:
a) temperature: tog =20 °C
b) pressure: po = 1013 hPa (1 013 mbar)

c) absolute humidity: sy = 11 g/m3.
5.10 Selection of the standard insulation level

The association of standard rated withstand voltages with the highest voltage for equipment
has been standardized to benefit from the experience gained from the operation of systems
designed according to IEC standards and to enhance standardization.

The standard rated withstand voltages are associated with the highest voltage for equipment
according to Table 2 for range | and Table 3 for range Il. These standard rated withstand
voltages are valid for the normal environmental conditions and are adjusted to the standard
reference atmospheric conditions.
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NOTE For withstand voltages used in some countries and not defined as standard insulation levels, see Annex B.

The associations obtained by connecting standard rated withstand voltages of all columns
without crossing horizontal marked lines are defined as standard insulation levels.

Furthermore, the following associations are standardized for phase-to-phase and longitudinal
insulation:

For phase-to-phase insulation, range |, the standard rated short-duration power-frequency
and lightning impulse phase-to-phase withstand voltages are equal to the relevant phase-
to-earth withstand voltages (Table 2). The values in brackets, however, may be insufficient
to—prove that the required withstand voltages are met and additional phase-to-phase

wlithstand voltage tests may be needed.

Fpr phase-to-phase insulation, range Il, the standard lightning impulse withstandvvoltage
hase-to-phase is equal to the lightning impulse phase-to-earth.

p

Fpr longitudinal insulation, range |, the standard rated short-duration powersfrequency and
lightning impulse withstand voltages are equal to the relevant phase-to<earth withstand
bltages (Table 2).

v
Fpr longitudinal insulation, range Il, the standard switching impulse component of the
cpmbined withstand voltage is given in Table 3, while thepeak value of the power-

frequency component of opposite polarity is U, x \/5/\/5
br longitudinal insulation range Il, the standard lighthing impulse component of the

bmbined withstand voltage is equal to the relevani)phase-to-earth withstand voftage
[able 3), while the peak value of the power-frequéncy component of opposite polarity is

7 x Uy x N2/43 .

o —~om

More|l than one preferred association is foreseen for most of the highest voltageg for
equigment to allow for the application of different performance criteria or overvoltage patterns.

For

defing the rated insulation level of the~equipment:

If

e preferred associations, only two, standard rated withstand voltages are sufficignt to

Fpr equipment in range I:

a)) the standard rated lightning impulse withstand voltage and,

b) the standard rated short-duration power-frequency withstand voltage.
Fpr equipment in range II:

a)) the standard ‘rated switching impulse withstand voltage, and

b) the standard rated lightning impulse withstand voltage.

tdchnically and economically justified, other associations may be adopted.| The

recommendations of 5.1 to 5.8 shall be followed in every case. The resulting set of standard
rated withstand voltages shall be termed, therefore, rated insulation level. Particular examples
are:

For external insulation, for the higher values of U, in range |, it can be more economical
to specify a standard rated switching impulse withstand voltage instead of a standard
rated short-duration power-frequency withstand voltage.

For internal insulation in range IlI, high temporary overvoltages can require the
specification of a standard rated short-duration power-frequency withstand voltage.
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Highest voltage Standard rated short- Standard rated
for equipment, duration power-frequency lightning impulse
Un withstand voltage withstand voltage
kV kV kV
(RMS value) (RMS value) (peak value)
20
3,6 10
40
40
7,2 20
60
60
12 28 75
95
75
17,548 38
95
95
24 50 125
145
145
36 70
170
522 95 250
72,5 140 325
(150) (380)
100 °
185 450
(185) (450)
123
230 550
(185) (450)
145 230 550
275 650
(230) (550)
1702 275 650
325 750
(275) (650)
(325) (750)
245 360 850
395 950
460 1 050
NOTE If values in brackets are considered insufficient to prove that the required
phase-to-phase withstand voltages are met, additional phase-to-phase withstand
voltage tests are needed.
2 These U, are non-preferred values in IEC 60038 and therefore seldom used.
These values should not be used for new systems to be constructed in future.
b This U,, value is not mentioned in IEC 60038 but it has been introduced in range |
in some apparatus standards.
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Table 3 — Standard insulation levels for range Il (U, > 245 kV) (1 of 2)

Standard rated switching impulse withstand voltage
Highest Standard rated
voltage for . . lightning impulse
equipment, ITongltu_dlnaaI Phase-to-earth | Phase-to-phase W'thSta“E
Uy, insulation voltage
(RMSk\\faIue) ( eall(\\falue) ( eakk\\falue) pé;astﬁt:i‘:gih ( eakk\\falue)
P P peak value) P
850
750 750 1.50
950
300 ¢
950
750 850 1,50
1050
950
850 850 1,50
1050
362
1050
850 950 1,50
1175
1050
850 850 1,60
1175
1175
420 950 950 1,50
1300
1 300
950 1050 1,50
1425
1175
950 950 1,70
1300
1300
550 950 1050 1,60
1425
950 1425
1175 1,50
1050 1550
1675
1175 1300 1,70
1800
1800
800 1175 1425 1,70
1950
1175 1950
1550 1,60
1300 2 100
1950
- 14254 -
2100
2100
1425 1550 1,70
2 250
1100
2 250
1550 1675 1,65
2 400
2 400
1675 1800 1,6
2 550
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i Standard rated switching impulse withstand voltage
Highest Standard rated
voltage for lightning impulse
equipment Longitudinal (peak value) oo withstand
U, insulation 2 Phase-to-earth Phase-to-phase voltage P
(RMSk\v/alue) ( eall(\\jalue) ( eakk\\falue) pé;astle?tgo';gfth ( eakk\\falue)
P P peak value) P
2100
1 550 16875 170
2 250
2 250
1200 1675 1 800 1,65
2 400
2)550
1800 1950 1,60
2700

Value of the impulse voltage component of the relevant combined test whilethe peak value of the
power-frequency component of opposite polarity is U x \/5/\/5 .
These values apply as for phase-to-earth and phase-to-phase insglation as well; for longitudinal

insulation they apply as the standard rated lightning impulse component of the combined standard
rated withstand voltage, while the peak value of the power-frequency component of opposite

polarity is 0,7 x U x \/E/\/g
° This U, is a non-preferred value in IEC 60038.

This value is only applicable to the phase-to-earth“insulation of single phase equipment not
exposed to air.

5.11

5111

Background of the standard insutation level

General

The gtandard insulation levels given in Table 2 and Table 3 reflect the experience of the

takin

seled

j into account modern-protective devices and methods of overvoltage limitation.

ordinjation procedure in_accordance with the insulation co-ordination procedure describ

IEC ¢
equif

In ra
impu
phas

In ra

0071-2 and should take into account the insulation characteristics of the parti
ment being cohsidered.

orld,
The

tion of a particular standard insulation level should be based on the insulation co-

ed in
cular

se withstand voltage should cover the required switching impulse withstand vol
b-tofearth and phase-to-phase as well as the required longitudinal withstand voltage

hge |, thestandard rated short-duration power-frequency or the standard rated Iightltning

ages

nge I, the standard rated switching impulse withstand voltage should cover the req

uired

short-duration power-frequency withstand voltage if no value is required by the relevant

appa

ratus committee.

In order to meet these general requirements, the required withstand voltages should be
converted to those voltage shapes for which standard rated withstand voltages are specified
using test conversion factors. The test conversion factors are determined from existing results
to provide a conservative value for the rated withstand voltages.

This document leaves it to the relevant technical committee to prescribe a long-duration
power-frequency test intended to demonstrate the response of the equipment with respect to
ageing of internal insulation or to external pollution.
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.2 Standard rated switching impulse withstand voltage

In Table 3, standard rated switching impulse withstand voltages associated with each highest
voltage for equipment have been chosen in consideration of the following:

a) for equipment protected against switching overvoltages by surge arresters:

b) far equipment not protected against switching overvoltages by surge arresters:

5.11

In Tgble 3, standard rated lightning impulse withstand voltages associated with each star
rated switching impulse withstand voltage have been chosen in gonsideration of the folloy

a) for equipment protected by close surge arresters, the™Now values of lightning im

= =

b) fgr equipment not protected by surge arresters (or not effectively protected), onl
hlgher values of lightning impulse withstand<voltages shall be used. These higher v
afe based on the typical ratio of the lightning and switching impulse withstand voltagfns of

t

6

6.1

Stangard withstand voltage tests are performed to demonstrate, with suitable confidence

the
with
with

arhieved with surge arresters, and by adding appropriate margins;

trensformers, etc.). They are chosenlin such a way that the insulation design w
determined mainly by the ability \of the external insulation to withstand the swit

i a few extreme cases, provision should be made for a higher value of lightning im
wlithstand voltage. This higher value shall be chosen from the series of standard v
glvenin 5.6 and 5.7.

the expected values of temporary overvoltages;
the characteristics of presently available surge arresters;

and the switching impulse withstand voltage of the equipment;

the acceptable risk of disruptive discharge considering the probable~rang
overvoltages occurring at the equipment location;

the degree of overvoltage control generally deemed economical, and\ obtainab
careful selection of the switching devices and in the system design.

J3 Standard rated lightning impulse withstand voltage

ithstand level are applicable. They are chosen byytaking into account the rat
ightning impulse protective level to switching ifmpulse protective level likely t

He external insulation of apparatus "(e.g. circuit-breakers, disconnectors, instru

mpulse test voltages;

Requirements for standard withstand voltage tests

Generalrequirements

gctual withstand voltage of the insulation is not lower than the corresponding spe

the co-ordination and safety factors between the protective level of the surge arrester

e by

dard
ng:

bulse
o of
b be

the
hlues

ent
Il be
thing

bulse
hlues

that
cified
rated

jtand voltage. The voltages applied in withstand voltage tests are standard

In general, withstand voltage tests consist of dry tests performed in a standard situation (test
arrangement specified by the relevant apparatus committees and the standard reference
atmospheric conditions). However, for non-weather protected external insulation, the standard
short-duration power-frequency and switching impulse withstand voltage tests consist of wet
tests performed under the conditions specified in IEC 60060-1.

During wet tests, the rain shall be applied simultaneously on all air and surface insulation
under voltage.

If the atmospheric conditions in the test laboratory differ from the standard reference
atmospheric conditions, the test voltages shall be corrected according to IEC 60060-1.
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impulse withstand voltages shall be verified for both polarities, unless the relevant

apparatus committees specify one polarity only.

When it has been demonstrated that one condition (dry or wet) or one polarity or a
combination of these produces the lowest withstand voltage, then it is sufficient to verify the
withstand voltage for this particular condition.

The insulation failures that occur during the test are the basis for the acceptance or rejection
of the test specimen. The relevant apparatus committees or technical committee 42 shall
define the occurrence of a failure and the method to detect it.

Whel\ the standard rated withstand voltage of phase-to-phase (or longitudinal) insulatipn is
equa

to that of phase-to-earth insulation, it is recommended that phase-to-phas¢ (or

longifudinal) insulation tests and phase-to-earth tests be performed together by connecting

one ¢f the two phase terminals to earth.

6.2

Standard short-duration power-frequency withstand voltage tests

A stgndard short-duration power-frequency withstand voltage test consists of one application
of the¢ relevant standard rated withstand voltage to the terminals of-the insulation configuration.

Unless otherwise specified by the relevant apparatus committees, the insulation is considered
to h@ve passed the test if no disruptive discharge occurs. However, if one disruptive
discHarge occurs on the self-restoring insulation during- a‘wet test, the test may be repgated
once| and the equipment is considered to have pasSed the test if no further disruptive

dischlarge occurs.

When the test cannot be performed (such as for transformers with non-uniform insulation), the
relevant apparatus committees may specify” frequencies up to few hundred hertz| and
durafions shorter than 1 min. Unless otherwise justified, the test voltages shall be the same.

6.3

Standard impulse withstand voltage tests

A stgndard impulse withstand yeltage test consists of a specified number of applicatiops of

the

relevant standard rated withstand voltage to the terminals of the insulation configuration.

Diffefent test procedures may’be selected to demonstrate that the withstand voltages ar¢ met

with & degree of confidence that experience has shown to be acceptable.

The fest procedure.shall be selected by the apparatus committees from the following test

procgdures which.are standardized and fully described in IEC 60060-1:

three-impulse withstand voltage test in which no disruptive discharge is tolerated;

fifteen-impulse withstand voltage test in which up to two disruptive discharges on the|self-
g¢storing insulation are tolerated;

-

three-impulse withstand voltage test in which one disruptive discharge on the self-
restoring insulation is tolerated. If this occurs, nine additional impulses are applied during
which no disruptive discharge is tolerated,;

the up-and-down withstand voltage test with seven impulses per level in which disruptive
discharges on self-restoring insulation are tolerated;

the up-and-down test with one impulse per level, which is recommended only if the
conventional deviation, z, defined in IEC 60060-1 is known. The values suggested there,
z =6 % for switching and z =3 % for lightning impulses, shall be used if, and only if, is
known that z < 6 % and z < 3 %, respectively. Otherwise other methods shall be used.
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In all the test procedures described above no disruptive discharge is tolerated on the non-
self-restoring insulation. In the case of a fifteen-impulse withstand voltage test performed on
equipment where both self-restoring and non-self-restoring insulations are involved, the
IEC 60060-1 fifteen-impulse withstand voltage test procedure is adapted and used to verify
that no disruptive discharge occurs in the non-self-restoring insulation. This two out of fifteen-
impulse withstand voltage test adapted procedure is the following for each polarity: It could be
taken as an indication that no failure has happened in the non-self-restoring insulation, when
the last three impulses have not led to a disruptive discharge. In case of a disruptive
discharge at one of the impulse numbers 13 to 15, up to three additional pulses can be
applied (maximum 18). When no further disruptive discharge occurs, the test object has
passed the test, if not otherwise specified by the relevant technical committee.

No s}atistical meaning can be given to the three-impulse withstand voltage test in whigh no
disruptive discharge is tolerated (P, is assumed to be 100 %). Its use is limited {o-casps in
whiclh the non-self-restoring insulation may be damaged by a large numbep, of voltage
applications.

When selecting a test for equipment in which non-self-restoring insulation*is in parallel] with
self-nestoring insulation, serious consideration should be given to the\fact that in somg test
procgdures voltages higher than the rated withstand voltage mayobe applied and many
disruptive discharges may occur.

6.4 Alternative test situation

When it is too expensive or too difficult or even impossible, to perform the withstand voltage
tests|in standard test situations, the apparatus committees, or technical committee 42, |shall
spec|fy the best solution to prove the relevant standard rated withstand voltages.|One
poss|bility is to perform the test in an alternative test situation.

An alternative test situation consists of\one or more different test conditions |(test
arrarjgements, values or types of tesf\ voltages, etc.). It is necessary, thereforg¢, to
demg@nstrate that the physical conditions’for the disruptive discharge development, relevant to
the sfandard situation, are not changed.

A tygical example is the use of(@'single voltage source for the tests of longitudinal insulation,
whild insulating the base, instead of a combined voltage test. In this case, the demonstration
mentjoned above concerning the disruptive discharge development is a very stringent
condj|tion for the acceptance of the alternative.

6.5 | Phase-to-phase and longitudinal insulation standard withstand voltage tests for
equipment.in range |

6.5.1 Power-frequency tests

For |some equipment with 123 kV < U, < 245 kV, the phase-to-phase (or longitudinal)
insulatiom may Tequite a power-frequency withstand voftage higher than the phase-to-earth
power-frequency withstand voltage as shown in Table 2. In such cases the test shall be
preferably performed with two voltage sources. One terminal shall be energized with the
phase-to-earth power-frequency withstand voltage and the other with the difference between
the phase-to-phase (or longitudinal) and the phase-to-earth power-frequency withstand
voltages. The earth terminal shall be earthed.

Alternatively, the test may be performed:

— with two equal power-frequency voltage sources in phase opposition, each energizing one
phase terminal with half of the phase-to-phase (or longitudinal) insulation power-frequency
withstand voltage. The earth terminal shall be earthed;

— with one power-frequency voltage source. The earth terminal may be allowed to assume a
voltage to earth sufficient to avoid disruptive discharges to earth or to the earth terminal.
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NOTE If, during the test, the terminal earthed in service is carried to a voltage which influences the electrical
stresses on the phase terminal (as occurs in compressed gas longitudinal insulation having U_ > 72,5 kV), means
will then be adopted to maintain this voltage as close as possible to the difference between the test voltage of the
phase-to-phase (or longitudinal) insulation and that of the phase-to-earth insulation.

6.5.2 Phase-to-phase (or longitudinal) insulation lightning impulse tests

The phase-to-phase (or longitudinal) insulation may require a lightning impulse withstand
voltage higher than the standard phase-to-earth withstand voltage as shown in Table 2. In
such cases, the relevant tests shall be performed immediately after the phase-to-earth
insulation tests increasing the voltage without changing the test arrangement. In evaluating
the test results, the impulses leading to disruptive discharge to earth are considered as non-
evengs-

When the number of discharges to earth does not allow the test to be performed, & combined
test ghall be adopted with an impulse component equal to the phase-to-earth lightning impulse
withjtand voltage and a power-frequency component with the peak value of epposite polarity
equal to the difference between the phase-to-phase (or longitudinal) and thephase-to-parth
lightning impulse withstand voltages. Alternatively, for external insulation, the rel¢vant
apparatus committees may specify that the phase-to-earth insulation be ‘increased.

6.6 | Phase-to-phase and longitudinal insulation standard withstand voltage tests for
equipment in range Il

The |combined voltage withstand voltage test shall be ‘performed meeting the follqwing
requirements:

— the test configuration shall suitably duplicate the“service configuration, especially| with
¢ference to the influence of the earth plane;

-

— epch component of the test voltage shall have the value specified in 5.10;
— the earth terminal shall be connected to*earth;

|
=

phase-to-phase tests the terminal6f the third phase shall be either removed or earthed;

|
=

longitudinal insulation tests the terminals of the other two phases shall be e¢ither
moved or earthed.

—

The {est shall be repeated forall possible combinations of the phase terminals, unless proved
unnecessary by considerations of electrical symmetry.

In thle evaluation of(the test results, any disruptive discharge is counted. More defailed
recommendations_ forthe tests are given by apparatus committees and IEC 60060-1.

For Bpecial capplications, the relevant apparatus committees may extend to longitudinal
insulation Jightning impulse withstand voltage tests of range Il the same test procedure
applicable 10 equipment of range I.
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Annex A
(normative)

Clearances in air to assure a specified impulse
withstand voltage installation

A.1  General

In complete installations (e.g. substations) which cannot be tested as a whole, it is necessary
to ensurethatthedietectricstrengthrisadequate:

The [switching and lightning impulse withstand voltages in air at standard{/refenence
atmoppheric conditions shall be equal to, or greater than, the standard rated, Switchind and
lightning impulse withstand voltages as specified in this document. Following, this pringiple,
minimum clearances have been determined for different electrode configurations.| The
minimum clearances specified are determined with a conservative approach, taking| into
accolnt practical experience.

Thesg clearances are intended solely to address insulation co-ordination requirements. Safety
requirements may result in substantially larger clearances.

Tablgs A.1, A.2 and A.3 are suitable for general application, as they provide minimum
clearpnces ensuring the specified insulation level.

These clearances may be lower if it has been proven by tests on actual or similar
configurations that the standard impulse withstand voltages are met, taking into accoupt all
relevant environmental conditions which can_create irregularities on the surface of electrpdes,
for exkample rain, pollution. These distances>are therefore not applicable to equipment which
has @ mandatory impulse type test included in the specification, since a mandatory mipimal
clearpnce might hamper the design of equipment, increase its cost and impede progress.

The ¢learances may also be lower, where it has been confirmed by operating experiencg that
the ¢vervoltages are lower «than those expected in the selection of the standard fated
withgtand voltages or that the)gap configuration is more favourable than that assumed fgr the
recommended clearances.

¢ A.1 correlates the minimum air clearances with the standard rated lightning impulse
tand voltage\for electrode configurations of the rod-structure type and, in addition for
¢ 1, of theléonductor-structure type. They are applicable for phase-to-earth clearancé¢s as
as for clearances between phases (see note in Table A.1).

voltage phase-to-earth. The conductor-structure configuration covers a large range for
normally used configurations.

Table A.3 correlates the minimum air clearances for electrode configurations of the conductor-
conductor type and the rod-conductor type with the standard rated switching impulse
withstand voltage phase-to-phase. The unsymmetrical rod-conductor configuration is the
worst electrode configuration normally encountered in service. The conductor-conductor
configuration covers all symmetrical configurations with similar electrode shapes on the two
phases. The air clearances applicable in service are determined according to the rules set out
in Clauses A.2 and A.3.
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A.2 Lightning impulse

The air clearance phase-to-earth and phase-to-phase is determined from Table A.1 for the
rated lightning impulse withstand voltage. The standard rated short-duration power-frequency
withstand voltage can be disregarded when the ratio of the standard rated lightning impulse
withstand voltage to the standard rated short-duration power-frequency withstand voltage is
higher than 1,7.

Table A.1 — Correlation between standard rated lightning impulse
withstand voltages and minimum air clearances

Standard rated lightning impulse Minimum clearance
withstand voltage mm
kV Rod-structure Conductor-structure
20 60 ~
40 60 -
60 90 -
75 120 -
95 160 -
125 220 -
145 270 -
170 320 -
200 380 -
250 480 -
325 630 -
380 750 -
450 900 -
550 1100 -
650 1300 -
750 1500 -
850 1700 1600
950 1900 1700
1050 2 100 1900
1175 2 350 2 200
1300 2 600 2 400
1425 2 850 2 600
1550 3100 2900
1675 3 350 3100
1800 3 600 3300
1950 3900 3600
2100 4 200 3900
2 250 4 500 4 150
2 400 4 800 4 450
2 550 5100 4 700
2700 5400 5000
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NOTE The standard rated lightning impulse withstand voltages are applicable phase-to-phase and
phase-to-earth.

For phase-to-earth, the minimum clearance for conductor-structure and rod-structure is applicable.

For phase-to-phase, the minimum clearance for rod-structure is applicable.

A.3

The

Switching impulse

rod-
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for the longitudinal insulation in range Il can be obtained\by adding 0,7 times the hi
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nhase-to-earth clearance is the highnr value of the clearances determined for the

fure configuration from Table A.1 for the standard rated lightning impulse with
pes, and from Table A.2 for the standard rated switching impulse withstand voltages

phase-to-phase clearance is the higher value of the clearances determined for the
ure configuration from Table A.1 for the standard rated lightning impulse withstand vol
fom Table A.3 for the standard switching impulse withstand voltages.

alues are valid for altitudes which have been taken into accouhntyin the determinati
equired withstand voltages.

tlearances necessary to withstand the standard rated lightning impulse withstand vo

je of a system (Ug) phase-to-earth peak to the<valle of the standard rated ligh
se withstand voltage and by dividing the sum by<500 kV/m.

clearances necessary for the longitudinal«standard rated switching impulse withs
e in range Il are smaller than the corresponding phase-to-phase value. Such cleard

ment.

Table A.2 — Correlation-between standard rated switching impulse
withstand voltages and minimum phase-to-earth air clearances

stand

rod-
ages

on of

Itage
hest
ning

stand
nces

ly exist only in type tested apparatus and minimum values are therefore not given in this

Standard rated(switching Minimum phase-to-earth clearance
impulse withstand voltage mm
kV Rod-structure Conductor-structure
750 1900 1600
850 2 400 1800
950 2900 2 200
1050 3400 2 600
1175 4100 3100
1300 4800 3600
1425 5 600 4 200
1550 6 400 4900
1675 7 400 5600
1800 8 300 6 300
1950 9 500 7 200
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Table A.3 — Correlation between standard rated switching impulse
withstand voltages and minimum phase-to-phase air clearances

Standard rated switching impulse

withstand voltage

Minimum phase-to-phase clearance

mm
Phase-to- Ratio of phase-to- Phase-to- Conductor-conductor Rod-
earth phase value to phase parallel conductor
phase-to-earth value
kV kV
750 1,50 1125 2 300 2 600
850 1,50 1275 2 600 3100
850 1,60 1360 2900 3400
950 1,50 1425 3100 3600
950 1,70 1615 3700 4,300
1 050 1,50 1575 3600 4 200
1050 1,60 1680 3900 4 600
1175 1,50 1763 4 200 5000
1300 1,70 2210 6 100 7 400
1425 1,70 2423 7,200 9 000
1550 1,60 2 480 7 600 9 400
1550 1,70 2 635 8 400 10 000
1675 1,65 2764 9 100 10 900
1675 1,70 2 848 9 600 11 400
1 800 1,60 2 880 9 800 11 600
1800 1,65 2.970 10 300 12 300
1950 1,60 3120 11 200 13 300
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Annex B
(informative)

Rated insulation levels for highest voltages
of equipment, U, not standardized by IEC

Table B.1 gives the values of rated insulation levels for 1 kV < U, < 245 kV for highest
voltages of equipment U, not standardized by IEC based on current practice in some

countries.

Table B.1 — Rated insulation levels for highest voltages
of equipment, U, not standardized by IEC

Highest voltage Standard rated short-duration Standard rated
for equipment, power-frequency lightning impulsé
Un, withstand voltage withstand voltage
kV kV kV
(RMS value) (RMS value) (peakvalue)
80 185
40,5 80 190
85 200
140 325
82,5
150 380
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

COORDINATION DE L'ISOLEMENT -
Partie 1: Définitions, principes et régles

AVANT-PROPOS

2019

1) Lal] Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normaliLation

2)

3)

4)

5)

6)

7) Augune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou manda

8)

9)

composée de l'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC)/L'TEC
objet de favoriser la coopération internationale pour toutes les questions de normalisation daps les donj
de|l'électricité et de I'électronique. A cet effet, I''EC — entre autres activités — publie des Normesinternati
dep Spécifications techniques, des Rapports techniques, des Spécifications accessibles au(public (PAS)
ides (ci-aprés dénommeés "Publication(s) de I'lEC"). Leur élaboration est confiée a des ‘comités d'étude
aux desquels tout Comité national intéressé par le sujet traité peut participer. Les organis|

copditions fixées par accord entre les deux organisations.

Lep décisions ou accords officiels de I'lEC concernant les questions techniqées représentent, dans la n
du| possible, un accord international sur les sujets étudiés, étant donné( que les Comités nationaux dg
intéressés sont représentés dans chaque comité d'études.

Lep Publications de I'lEC se présentent sous la forme de recommandations internationales et sont ag
comme telles par les Comités nationaux de I'lIEC. Tous les sefforts raisonnables sont entrepris afi
I'lEC s'assure de l'exactitude du contenu technique de ses{publications; I''EC ne peut pas étre
regponsable de I'éventuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utili
finpl.

D4gns le but d'encourager 'uniformité internationale, les, €omités nationaux de I'lEC s'engagent, dans tg
mesure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications nati
et|régionales. Toutes divergences entre toutes«PRuUblications de I'lEC et toutes publications national
régionales correspondantes doivent étre indiquées\en termes clairs dans ces dernieres.

L'IEC elle-méme ne fournit aucune attestation*de conformité. Des organismes de certification indépe
fodrnissent des services d'évaluation de_cenformité et, dans certains secteurs, accédent aux marqu
copformité de I'lEC. L'IEC n'est responsable d'aucun des services effectués par les organismes de certifi
indépendants.

Tous les utilisateurs doivent s'assufer qu'ils sont en possession de la derniére édition de cette publication|.

y ¢ompris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de
popr tout préjudice causé._en cas de dommages corporels et matériels, ou de tout autre dommage de q
nafure que ce soit, direste ou indirecte, ou pour supporter les colts (y compris les frais de justice)
dépenses découlant”de”la publication ou de l'utilisation de cette Publication de I'lEC ou de toute
Publication de I'lEC, ou au crédit qui lui est accordé.

L'gttention est/attirée sur les références normatives citées dans cette publication. L'utilisation de publid
référencées estrobligatoire pour une application correcte de la présente publication.

L'qttention-est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuven
I'opjet- de droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels
de|brevets et de ne pas avoir signalé leur existence.
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La Norme internationale IEC 60071-1 a été établie par le comité d'études 99: Installations
électriques de tension supérieure a 1,0 kV en courant alternatif et 1,5 kV en courant continu:
Coordination de I'isolement et conception.

Cette neuviéme édition annule et remplace la huitieme édition parue en 2006 et son
Amendement 1:2010. Cette édition constitue une révision technique.

Elle a le statut d'une norme horizontale conformément au Guide 108 de I'lEC.

Les principales modifications par rapport a I'édition précédente sont les suivantes:

a) toutes les références ont été mises a jour en faveur des normes IEC actuelles et la

bibliographie est supprimée;
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b)
c)

d)

certaines définitions ont été modifiées afin d'éviter les chevauchements et de favoriser

une bonne compréhension;

les symboles littéraux ont été modifiés et corrigés afin de garantir la cohérence ave
normes |IEC concernées;

c les

plusieurs titres ont été modifiés en vue d'une meilleure compréhension (voir les

Articles A.2 et A.3, ainsi que I'"Annexe B).

Le texte de cette Norme internationale est issu des documents suivants:

Ler

CDV Rapport de vote

II9/'TIIIL DUV IIILLTTRVU

abouti a I'approbation de cette Norme internationale.

Cettg publication a été rédigée selon les Directives ISO/IEC, Partie 2.

Une |liste de toutes les parties de la série IEC 60071, publiées) sous le titre gé
Coorgination de l'isolement, peut étre consultée sur le site web de(FIEC.

pport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant

néral

Le cqgmité a décidé que le contenu de la publication de base‘€t.de ses amendements ne gerait
pas |modifié avant la date de stabilité indiquée sur le site web de [I'IEC|sous
"http]//webstore.iec.ch"” dans les données relatives a la_publication recherchée. A cette date,
la puplication sera

e rgconduite,

e supprimée,

e remplacée par une édition révisée, ou

e amendée.

IMPORTANT - Le logo "calour inside"™ qui se trouve sur la page de couverture de tette
publ|cation indique qu'elle contient des couleurs qui sont considérées comme utiles a
une ponne compréhension de son contenu. Les utilisateurs devraient, par conséquent,

imprjmer cette publication en utilisant une imprimante couleur.
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COORDINATION DE L'ISOLEMENT -

Partie 1: Définitions, principes et régles

1 Domaine d'application

La présente partie de I'lEC 60071 s'applique aux réseaux a tension alternative triphasée dont
la tepsion la plus élevée pour le matériel est supérieure a 1 kV. Elle spécifie la procédlire a
suivrg pour le choix des tensions de tenue assignées normalisées pour l'isolation phase*ferre,
I'isolation entre phases et l'isolation longitudinale du matériel et des installations"dq ces
réseaux. Elle donne également les listes des valeurs normalisées parmi |ésquelles les
tensipns de tenue assignées normalisées sont choisies.

Le présent document décrit que les tensions de tenue choisies sont associées aux tengions
les plus élevées pour le matériel. Cette association est destinée”aux seules fins zﬂe la
coordination de l'isolement. Les exigences concernant la sécurité des’personnes ne sonf pas
couvertes par le présent document.

Bien|que les principes du présent document s'appliquent également a l'isolation des lignes de
transjport d'énergie, les valeurs des tensions de tenue peuvent étre différentes des tengions
de tejnue assignées normalisées.

Il appartient aux comités de produits de spécifier. les tensions de tenue et les procédures
d'esiai appropriées aux matériels correspondants, en prenant les recommandations du
prés¢nt document en considération.

NOTE| Toutes les regles relatives a la coordigation de l'isolement données dans le présent documenf sont
justifides en détail dans I''EC 60071-2, en particulier en ce qui concerne |'association des tensions de [tenue
assigrlées normalisées avec les tensions les.plus élevées pour le matériel. Lorsque plusieurs séries de tensigns de
tenue |assignées normalisées sont associées’ a la méme valeur de la tension la plus élevée pour le matérigl, une
ligne directrice est donnée pour le choix.de la série |la plus appropriée.

Cettg norme horizontale est essentiellement destinée a lI'usage des comités d'études dajns la
préparation des normes,.conformément aux principes établis dans le Guide 108 de I'lEC.

Une des responsabilités d'un comité d'études est, partout ou cela est possible, de se gervir
des pormes horizentales lors de la préparation de ses publications. Le contenu de [cette
normie horizontale ne s'appliquera pas, a moins qu'il ne soit spécifiquement désigné ou ipclus
dans|les publications concernées.

2 éférences normatives

Les documents suivants cités dans le texte constituent, pour tout ou partie de leur contenu,
des exigences du présent document. Pour les références datées, seule [I'édition citée
s’applique. Pour les références non datées, la derniére édition du document de référence
s'applique (y compris les éventuels amendements).

IEC 60038, Tensions normales de I'lEC

IEC 60060-1, Technique des essais a haute tension — Partie 1: Définitions et exigences
générales

IEC 60071-2, Coordination de l'isolement — Partie 2: Lignes directrices en matiere
d'application
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IEC 60099-4, Parafoudres — Partie 4: Parafoudres a oxyde meétallique sans éclateur pour
réseaux a courant alternatif

3 Termes et définitions
Pour les besoins du présent document, les termes et définitions suivants s'appliquent.

L'ISO et I'lEC tiennent & jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

o |FC Electropedia: disponible a T"'adresse hiip://'www.electropedia.org/
e |30 Online browsing platform: disponible a I'adresse http://www.iso.org/obp
3.1

coorfdination de l'isolement
séledtion de la tenue diélectrique des matériels, en fonction des tensions ‘d€ service e} des
surtensions qui peuvent apparaitre dans le réseau auquel ces matériels sont destings et
compte tenu de I'environnement en service et des caractéristiqies” des dispositifs de
préveéntion et de protection disponibles

Note 1 a l'article: La «rigidité diélectrique» des matériels est prise ici au sens.de niveau d'isolement assigng (3.36)
ou de|niveau d'isolement normalisé (3.37).

[SOURCE: IEC 60050-614:2016, 614-03-08, modifié — La Note 1 a I'article a été ajoutée.]

3.2
isolation externe
distapces dans l'air atmosphérique et sur les surfaces des isolations solides d'un matériel en
contgct avec l'air atmosphérique, qui sont soumises aux contraintes diélectriques |et a
I'inflence des conditions atmosphériques ou d'autres conditions environnementales
provgnant du site comme la pollution, I'ilumidité, les animaux, etc.

Note 1 a l'article: L'isolation externe est’spit protégée, soit exposée, selon qu'elle est congue pour étre utiljsée a
I'extérfeur ou a l'intérieur d'abris fermés:

[SOURCE: IEC 60050-614:2016, 614-03-02, modifié — La Note 1 & I'article a été ajoutée]

3.3
isolation interne
distapces internesidans l'isolation solide, liquide ou gazeuse des matériels qui sont a I'ahri de
I'inflyence des<«onditions atmosphériques ou d'autres agents externes

[SOYRCE: IEC 60050-614, 614-03-03]

3.4
isolation autorégénératrice

isolation qui retrouve intégralement ses propriétés isolantes en un intervalle de temps court
aprés une décharge disruptive

Note 1 a l'article: Une isolation de ce type est généralement, mais pas nécessairement, une isolation externe.
Note 2 a I'article: Cette définition s'applique uniquement quand la décharge est provoquée par I'application d'une

tension d'essai lors d'un essai diélectrique. Cependant, des décharges apparaissant en service peuvent conduire
une isolation autorégénératrice a perdre partiellement ou complétement ses propriétés isolantes d'origine.

[SOURCE: IEC 60050-614, 614-03-04]
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3.5

isolation non autorégénératrice

isolation qui perd ses propriétés isolantes, ou ne les retrouve pas intégralement, aprés une
décharge disruptive

Note 1 a l'article: Cette définition s'applique uniquement quand la décharge est provoquée par I'application d'une
tension d'essai lors d'un essai diélectrique. Cependant, des décharges apparaissant en service peuvent conduire
une isolation autorégénératrice a perdre partiellement ou complétement ses propriétés isolantes d'origine.

[SOURCE: IEC 60050-614, 614-03-05]

3.6
bornLa de la configuration de I'isolation
l'unefou l'autre des deux bornes entre lesquelles peut étre appliquée une tension gui soumet
I'isolation a une contrainte

Note 1 a l'article: Les types de bornes sont:
a) bgrne de phase, en service, la tension phase-neutre du réseau est appliquée entre cettesborne et le neutfe;

b) bgrne de neutre, représentant le point neutre du réseau, ou y étant connéctée (borne de neufre de
ransformateur, etc.);

—

c) bderne de terre, toujours mise directement a la terre en service (cuve de trafnsformateur, socle de sectiopneur,
sfructure de pyléne, plaque de mise a la terre, etc.)

3.7
conf|guration de l'isolation
configuration géométrique compléte de l'isolation en sefvice comprenant l'isolation et tputes
ses pornes et incluant tous les éléments (isolantsv/et conducteurs) qui influencent| son
comportement diélectrique

Note 1 a l'article: Les configurations de l'isolation définies en 3.7.1 a 3.7.4 sont identifiées.

3.71
conflguration de l'isolation triphasée
configuration de I'isolation ayant trois bornes de phase, une borne de neutre et une borne de
terre

3.7.2
conflguration de lI'isolation phase-terre
configuration d'isolationtriphasée dans laquelle il n'est pas tenu compte des bornes de |[deux
phasgs et, sauf cas particuliers, dans laquelle la borne de neutre est mise a la terre

3.7.3
configuration'de l'isolation phase-phase
configuration» d'isolation triphasée dans laquelle il n'est pas tenu compte d'une borne de
phasg. Dans des cas particuliers, les bornes de neutre et de terre ne sont également pas
priseg‘en’compte

3.7.4

configuration de l'isolation longitudinale

configuration de l'isolation ayant deux bornes de phase et une borne de terre, les bornes de
phase appartenant a la méme phase d'un réseau triphasé, séparée temporairement en deux
parties indépendantes sous tension (par exemple, appareils de connexion ouverts)

Note 1 a l'article: Les quatre bornes appartenant aux deux autres phases ne sont pas prises en compte ou sont
mises a la terre. Dans des cas particuliers, I'une des deux bornes de phase prises en compte est mise a la terre.

3.8

tension nominale d'un réseau
Un

valeur arrondie appropriée de la tension utilisée pour dénommer ou identifier un réseau
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[SOURCE: IEC 60050-601:1985, 601-01-21, modifié¢ — Un symbole a été ajouté.]

3.9

tension la plus élevée d'un réseau

US

valeur la plus élevée de la tension de service entre phases (valeur efficace) qui se présente a
un instant et en un point quelconque du réseau dans des conditions d'exploitation normales

[SOURCE: IEC 60050-601:1985, 601-01-23, modifié — Un signification claire de la tension a
été ajoutée.]

3.10
tension la plus élevée pour le matériel
Um
valeyr la plus élevée de la tension entre phases (valeur efficace) pour laquelle le-matérigl est
spéc|fié en ce qui concerne son isolement ainsi que certaines autres caractéristiques quil sont
rattaghées a cette tension dans les normes proposées pour chaque matériel

Note 1 a l'article: Dans les conditions normales de service spécifiées par le comite. de produit correspopdant,
cette fension peut étre appliquée au matériel en permanence.

[SOYRCE: IEC 60050-614:2016, 614-03-01]

3.11
réseqau a neutre isolé
réseiu dont aucun point neutre n'a de connexion jintentionnelle avec la terre, a I'exception
des Ilaisons a haute impédance destinées a des dispositifs de protection ou de mesure

[SOYRCE: IEC 60050-601:1985, 601-02-24]

3.12
réseIu a neutre directement a la terre
résequ dont le ou les points neutres’sont reliés directement a la terre

[SOYRCE: IEC 60050-601:1985;601-02-25]

3.13
réseIu a neutre non(directement a la terre
résequ dont le ou les points neutres sont reliés a la terre par l'intermédiaire d'impéddnces
destihées a limiter\les courants de défaut a la terre

[SOYRCE=IEC 60050-601:1985, 601-02-26]

3.14
réseau compensé par bobine d'extinction

réseau dont un ou plusieurs points neutres sont reliés a la terre par des réactances
compensant approximativement la composante capacitive du courant de défaut monophasé a
la terre

Note 1 a I'article: Pour un réseau compensé par bobine d'extinction, le courant résiduel dans le défaut est limité a
tel point qu'un arc de défaut dans I'air est généralement autoextinguible.

[SOURCE: IEC 60050-601:1985, 601-02-27]

3.15

facteur de défaut a la terre

k

en un emplacement donné d'un réseau triphasé, et pour un schéma d'exploitation donné de
ce réseau, rapport entre, d'une part, la tension efficace la plus élevée, a la fréquence du
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réseau, entre une phase saine et la terre pendant un défaut a la terre affectant une phase
quelconque ou plusieurs phases en un point quelconque du réseau, et d'autre part la valeur
efficace de la tension entre phase et terre a la fréquence du réseau qui serait obtenue a
I'emplacement pris en compte en I'absence du défaut

[SOURCE: IEC 60050-614:2016, 614-03-06, modifi¢ — Un symbole a été ajouté et la
description de la tension a été modifiée]

3.16

tension continue
tension_a la fréquence du réseau, réputée comme ayant une valeur efficace constante,
applifuée en permanence a toute paire de bornes d'une configuration d'isolation

3.17
surtension
tensipn:

— efptre un conducteur de phase et la terre ou a travers une isolation longitudinale dqgnt la
valeur de créte dépasse la valeur de créte correspondant a la tehsion la plus élevde du
r¢seau divisée par V3

— efptre conducteurs de phase dont la valeur de créte dépasse I'amplitude de la tensipn le
us élevée du réseau

©

Note 1 a l'article: Sauf indication contraire clairement stipulée, comme pour les parafoudres, les valeyrs de

surtension exprimées en p.u. renvoient a U x \E/\/g

[SOYRCE: IEC 60050-614:2016, 614-03-10]

3.17.1
surténsion temporaire
TOV
surtejnsion a fréquence industrielle de~durée relativement longue

Note 1 a l'article: La surtension peut-éife non amortie ou faiblement amortie. Dans certains cas, sa fréquence
peut &tre inférieure ou supérieure a-lafréquence industrielle dans un rapport de plusieurs unités.

Note 3 a l'article: L'abréviation. "TOV" est dérivée du terme anglais développé correspondant "temporary
overvgltage".

[SOYRCE: IEC 60050-614:2016, 614-03-13]

3172
surtension-transitoire
surtension yde courte durée, ne dépassant pas quelques millisecondes, oscillatoire ou|non,
généralement fortement amortie

Note 1 a l'article: Les surtensions transitoires peuvent étre immédiatement suivies par des surtensions
temporaires. S'il en est ainsi, les deux types de surtensions sont considérés comme des événements séparés.

[SOURCE: IEC 60050-614:2016, 614-03-14]

3.17.21

surtension a front lent

SFO

surtension transitoire, généralement unidirectionnelle, de durée Ty jusqu'a la valeur de créte
telle que 20 us < Th < 5 000 ps, et de durée de queue T, < 20 ms

Note 1 a l'article: L'abréviation "SFO" est dérivée du terme anglais développé correspondant "slow-front
overvoltage".
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3.17.2.2

surtension a front rapide

FFO

surtension transitoire, généralement unidirectionnelle, de durée 7, jusqu'a la valeur de créte
telle que 0,1 us < T4 < 20 ps, et de durée de queue T, < 300 us

Note 1 a l'article: L'abréviation "FFO" est dérivée du terme anglais développé correspondant "fast-front
overvoltage".

3.17.2.3

surtension a front trés rapide (very-fast-front overvoltage)
VFFQ
surtghsion transitoire, généralement unidirectionnelle, de durée jusqu'a la valeur de, créte
T: < 0,1 ys, et avec ou sans oscillations superposées de fréquence 30 kHz < /< 100MHz

Note 1 a I'article: L'abréviation "VFFO" est dérivée du terme anglais développé correspondant, “very-fasft-front
overvgltage".

3.173
surtgnsion combinée
surtejnsion consistant en deux composantes de tension appliquees simultanément gentre
chacline des deux bornes de phase d'une isolation entre phases (oulongitudinale) et la terre

Note 1 a l'article: Elle est classée selon la composante de la valeur de‘eréte la plus élevée (temporaire, @ front
lent, g front rapide ou a front trés rapide).

3.18
formes de tension normalisées pour essai
form¢s de tensions et de surtensions pour essai qui sont déterminées en termes d’amplitude,
de front d’onde, d’extrémité d’onde et de durée

Note 1 a l'article: Plus de détails sur les trois premieres formes de tension normalisées suivantes sont donnés
dans I|IEC 60060-1 ainsi que dans le Tableau 1.

3.18/1
tensjion normalisée de courte durée a fréquence industrielle
tensipn sinusoidale de fréquence comprise entre 48 Hz et 62 Hz et de durée égale a 60 g

3.182
tension normalisée de'choc de manceuvre
tensipn de choc ayant.une durée jusqu'a la créte de 250 ps et une durée jusqu'a la mi-vjleur
de 21500 ps

3.183
tension noérmalisée de choc de foudre
tensipn/de-choc ayant une durée de front de 1,2 ys et une durée jusqu'a la mi-valeur de 30 ps

3.18.4

tension normalisée de choc de manceuvre combinée

pour l'isolation entre phases, une tension de choc combinée ayant deux composantes de
valeurs de créte égales et de polarités opposées

Note 1 a l'article: La composante positive est une tension de choc de manceuvre normalisée et la composante
négative est une tension de choc de manceuvre dont les durées jusqu'a la créte et jusqu'a la mi-valeur ne sont pas
inférieures a celles de la composante positive. |l convient que les deux tensions de choc atteignent leur valeur de
créte au méme instant. Par conséquent, la valeur de créte de la tension combinée est la somme des valeurs de
créte de leurs composantes.

3.18.5

tension normalisée combinée

pour l'isolation longitudinale, une tension combinée ayant un choc normalisé sur une borne et
une tension a fréquence industrielle sur I'autre borne
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Note 1 a l'article: La composante de choc est appliquée a la valeur de créte de la tension a fréquence industrielle
de polarité opposée.

3.19

surtension représentative
Urp
surtension présumée produire le méme effet diélectrique sur l'isolation que la surtension
d'une catégorie donnée apparaissant en service dues a diverses origines

Note 1 a l'article: Elles sont constituées de tensions ayant la forme normalisée de la catégorie en question et
peuvent étre définies par une valeur, un ensemble de valeurs ou une distribution statistique des valeurs qui
caractérisent les conditions de service

Note 3 a l'article: Cette définition s'applique également a la tension permanente a fréquence industriefle qui
reprégente I'effet de la tension de service sur l'isolation.

3.20
dispesitif de limitation des surtensions
dispgsitif qui limite les valeurs de créte des surtensions ou leurs durées ou les-deux

Note 1 a l'article: Ces dispositifs sont classés en dispositifs de prévention (tel que résistance de préinsertipn) ou
en dispositifs de protection (tel que parafoudre).

3.21
niveau de protection au choc de foudre
U,
pl
valeyr de créte maximale de la tension admissible aux bornes d'un dispositif de protgction
sounlis, dans des conditions spécifiées, a des chocs de foudre

[SOYRCE: IEC 60050-6014:2016, 614-03-56]

3.22
niveau de protection aux surtensions dé manceuvre
Ups
valeyr de créte maximale de la tension admissible aux bornes d'un dispositif de protgction
sounyis, dans des conditions spécifiees, a des chocs de manceuvre

[SOYRCE: IEC 60050-60142016, 614-03-57]

3.23
critéfe de performance
base|sur laquelle est-Choisie I'isolation de fagcon a réduire a un niveau acceptable, du point de
vue dle I'économieet de celui de I'exploitation, la probabilité que les contraintes diélectriques
résultantes imposées aux matériels causent des dommages aux isolations des matérie|s ou
affectent la-continuité du service

a larticle: Le critere de performance est habituellement exprimé par un taux de défaillance acce
T
configuration de l'isolation.

ptable
de la

3.24

tension de tenue

valeur de la tension d'essai a appliquer, dans des conditions spécifiées, lors d'un essai de
tension de tenue pendant lequel un nombre spécifié de décharges disruptives est toléré

Note 1 a l'article: La tension de tenue est désignée par:

a) tension de tenue présumée conventionnelle, lorsque le nombre de décharges disruptives toléré est nul. Cette
valeur est réputée correspondre a une probabilité de tenue P, = 100 %;

b) tension de tenue statistique, lorsque le nombre de décharges disruptives toléré est relatif a une probabilité de
tenue spécifiée. Dans le présent document, la probabilité spécifiee est P, = 90 %.

Note 2 a l'article: Dans le présent document, les tensions de tenue présumées conventionnelles sont spécifiées
pour l'isolation non autorégénératrice. Les tensions de tenue statistiques le sont pour l'isolation autorégénératrice.
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3.25
tensi
U,

cw

on de tenue de coordination

pour chaque catégorie de tension, valeur de la tension de tenue de la configuration de
I'isolation, dans les conditions réelles de service, qui satisfait au critére de performance

3.26
facte
K

ur de coordination

(63
facteur par lequel il faut que la valeur de la surtension représentative soit multipliée pour
obtenir la valeur de la tension de tenue de coordination

3.27
cond
cond

s'apq
Note

3.28
tens
Urw
tensi
pour
une

la du

Note
spécif
tenue

3.29

factgur de correction atmosphérique

Ky
facte

tenug¢ diélectrique entre les conditions atmosphériques moyennes en service et les cond

atmo

Note
altitud

Note 2

sont 14
n'est 1

3.30

itions atmosphériques normalisées de référence
tions atmosphériques auxquelles les tensions de tenue assignées “normal
liquent

a l'article: Voir 5.9.2.

on de tenue exigée
bn d'essai qu'il faut que l'isolation tienne dans un essai’de tension de tenue norm4g

atégorie donnée de surtensions dans les conditions réelles de service et pendant
Fée de service

a l'article: La tension de tenue exigée a la forme,de la tension de tenue de coordination et e
ée en se référant a toutes les conditions de I'essai de“tension de tenue normalisée choisi pour vérifie

ur a appliquer a la tension de*tenue de coordination pour tenir compte de la différen
sphériques normalisées~de référence.

a l'article: Le facteur.de correction atmosphérique ne s'applique qu'a l'isolation externe, pour tout
es

a l'article: Pour-le facteur de correction atmosphérique, les conditions atmosphériques prises en ¢

écessaire-dé,prendre en compte que la correction de pression de l'air.

factdur.de correction d'altitude

K

sées

lisée

s'assurer que l'isolation satisfera au critéere de performance lorsqu'elle sera soumjse a

toute

le est
cette

e de
tions

es les

bmpte

pression de-'air, la température et I'hnumidité. En général, pour les besoins de coordination de I'isolement, il

a
facteur a appliquer a la tension de tenue de coordination pour tenir compte de la différence de
tenue diélectrique entre la pression moyenne correspondant a l'altitude en service et la
pression normalisée de référence

Note 1

3.31

a l'article: Le facteur de correction d'altitude fait partie du facteur de correction atmosphérique.

facteur de sécurité

K.

fascteur global a appliquer a la tension de tenue de coordination, aprés application du facteur
de correction atmosphérique (si exigé), pour obtenir la tension de tenue exigée en tenant
compte de toutes les autres différences de tenue diélectrique entre les conditions en service
au cours de la durée de vie et celles de I'essai de tension de tenue normalisée
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3.32

tension de tenue réelle d'un matériel ou d'une configuration de l'isolation
an 7 7 . . ' . . a . z N o Y
valeur la plus élevée possible de la tension d'essai qui peut étre appliquée a un matériel ou a

une configuration d'isolation dans un essai de tension de tenue normalisée

3.33

facteur de conversion d'essai
Ktc

pour un matériel ou une configuration d'isolation donné, facteur a appliquer a la tension de
tenue exigée d'une catégorie de surtension donnée, dans le cas ou la forme de la tension de
tenu¢ normalisee de I'essal de tension de tenue choisl est celle dune categorie de suriension
diffédente

Note 1 a l'article: Pour une configuration de matériel ou d'isolation donnée: le facteur de conversion d'essal de la
forme|de la tension normalisée (a) en forme de tension normalisée (b) doit étre supérieur ou égal*au rappor{ entre
la tenpion de tenue réelle pour la forme de tension normalisée (a) et la tension de tenue féele de la forfne de
tensiop normalisée (b).

3.34
tensjon de tenue assignée
valedr de la tension d'essai, appliquée dans un essai de tensionyde tenue normaliséq, qui
permiet de vérifier que l'isolation satisfait a une ou plusieurs des tensions de tenue exigégs

Note 1 a I'article: C'est une valeur assignée d'isolation d'un matériel.

3.35
tensjon de tenue assignée normalisée
UW
valeyr normalisée de la tension de tenue assignée telle recommandée dans le pre¢sent

document

Note 1 a I'article: Voir 5.6 et 5.7.

3.36
niveau d'isolement assigné

ensemble de tensions de tenue assignées qui caractérisent la rigidité diélectriqu
I'isolation

de

W

3.37
niveau d'isolement normalisé
ensemble de tensions de tenue assignées normalisées associées a U, comme spécifié [dans
le pr¢sent docdment

Note 1 a I'article: Voir Tableau 2 et Tableau 3.

3.38
essai de tension de tenue normalisée

essai diélectrique effectué dans des conditions spécifiées pour démontrer que l'isolation
satisfait a une tension de tenue assignée normalisée

Note 1 a I'article: Le présent document couvre:

— les essais a la tension de courte durée a fréquence industrielle;
— les essais au choc de manceuvre;

— les essais au choc de foudre;

— les essais au choc de manceuvre combinés;

— les essais a la tension combinée.

Note 2 a l'article: Des informations détaillées complémentaires sur les essais de tension de tenue normalisée
sont données dans I'lEC 60060-1 (voir également le Tableau 1 pour les formes de la tension d'essai).
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Note 3 a l'article: Il convient que les essais de tension de tenue normalisée au choc a front trés rapide soient
spécifiés par les comités de produit concernés, si exigé.

4 Termes abrégés et symboles

4.1 Généralités

Les listes fournies ci-dessous ne couvrent que les symboles et les abréviations utilisés le plus
fréequemment et qui sont utiles pour la coordination de I'isolement.

4.2 Indices

max maximum

4.3 | Symboles littéraux

f fréquence

k facteur de défaut a la terre

K fateur de correction atmosphérique

K, facteur de correction d'altitude

K. facteur de coordination

K facteur de sécurité

K facteur de conversion d'essai

P, probabilité de tenue

Ty durée de front

Ty durée jusqu'a la mi-valeur d'un€,tension décroissante
T, durée jusqu'a la valeur de créte

Ty durée totale de surtension

Uaw tension de tenue réelle d'un matériel ou d'une configuration de I'isolation
Ucw tension de tenue.de coordination

Un tension la plus‘élevée pour le matériel

U, tension nominale d'un réseau

Up niveau-de*protection au choc de foudre d'un parafoudre
Ups niveau de protection au choc de manceuvre d'un parafoudre
Unp surtension représentative

Unw tension de tenue exigée

Us tension la plus élevée d'un réseau

Uy tension de tenue assignée normalisée

4.4 Abréviations

FFO surtension a front rapide (fast-front overvoltage)

ACWV tension de tenue assignée normalisée de courte durée a fréquence
industrielle d'un matériel ou d'une configuration de l'isolation (power
frequency withstand voltage)

LIPL niveau de protection au choc de foudre d'un parafoudre (lightning
impulse protective level)

SIPL niveau de protection au choc de manceuvre d'un parafoudre (switching
impulse protective level)

LIWV tension de tenue assignée normalisée au choc de foudre d'un matériel

ou d'une configuration de l'isolation (lightning impulse withstand
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