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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INSULATION CO-ORDINATION -

Part 1: Definitions, principles and rules

FOREWORD

1) The Internatlonal Electrotechnlcal Commlssmn (IEC) |s a worIdW|de organization for standardlzatlon comprising
all ngtioma eTe ote a O 1 ‘atioma O S1; e—obje of—HEE O promote
interngtional co-operation on all questions concerning standardization in the electrical and eleetrohic|fields. To
this ehd and in addition to other activities, IEC publishes International Standards, Yechnical.§pedifications,
Technjical Reports, Publicly Available Specifications (PAS) and Guides (hereafter \refewyed Mo| as “IEC
Publidation(s)”). Their preparation is entrusted to technical committees; any IEC Natispal Cgmmiittee Jaterested
in thg subject dealt with may participate in this preparatory work. \ gQvermental fand non-
goverhmental organizations liaising with the IEC also participate in this prepagation; collakoratgs closely
with the International Organization for Standardization (ISO) in accordance Wwith ditions determined by
agreenent between the two organizations

2) The fdrmal decisions or agreements of IEC on technical matters ex ¢ posgible, an international
consehsus of opinion on the relevant subjects since each ica i épresentatiop from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations fornt Mig and aré accepted by IEG National
Comnyittees in that sense. While all reasonable efforts are rwads hat the technical contgnt of IEC
Publidations is accurate, IEC cannot be iQ_ Mhich they are used dr for any
misinterpretation by any end user.

4) In order to promote international uniformity i s i undertake to apply IEC Pyblications
transparently to the maximum extent posgible |n th' i and regional publications. Any djvergence
betwepn any IEC Publication and the corre or regional publication shall be clearly indicated in
the lafter.

5) IEC provides no marking pgoced a4l and cannot be rendered responsiblg for any
equipment declared to b

6) All users should ensure tha

7) No liapility shal smployees, servants or agents including individual experts and
membgers of its te atfonal Committees for any personal injury, property damage or
other [damage of an S ether direct or indirect, or for costs (including legal fees) and
expenges arising ot 1 i ge of, or reliance upon, this IEC Publication or any ¢ther IEC
Publidations.

8) Attentjon i : e references cited in this publication. Use of the referenced publications is
indispe R Rplicagtion of this publication.

9) Attent o_tRe pyssibility that some of the elements of this IEC Publication may be the pubject of
paten{xi . 9 & held responsible for identifying any or all such patent rights.

Internat IEC 60071-1 has been prepared by IEC technical commiftee 28:

Insulatig ic

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

The main changes from the previous edition are as follows:

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

ken into
sulation

in the list of standard rated short-duration power frequency withstand voltages reported in

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

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

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

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

— in Annex B, limitation at two U,, values for the values of rated insulation levels for
1kV < U, < 245 KV for highest voltages for equipment U,_, not standardized by IEC based

on current practice in some countries.
The tex{ of this standard is based on the following documents:
FDIS Report on voyi(g\
28/176/FDIS 28/177)3{/(\

Full infdrmation on the voting for the approval of thi
voting inpdicated in the above table.

This pu

The IEQ

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

fworks

ed until
c.ch" in

The cor
the mai
the datg

*  reco
* with
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INSULATION CO-ORDINATION -

Part 1: Definitions, principles and rules

1 Scope

This part of IEC 60071 applies to three-phase a.c. systems having a highest voltage for
equipment above 1 kV. It specifies the procedure for the selection of the rated withstand
voltages for the phase-to-earth, phase-to-phase and longitudinal insulation of the equipment

ithstand

d th motalationa oFf b oo avyetanma I _ola £+ +h Lota £tk <tzra-darad—a
an TISTAamatioTIS— UT T ST SySTOTITS. I AarSU yrve s T TIStS™ UT e 7Stasyuart— vy

voltages from which the rated withstand voltages should be selected.

This standard recommends that the selected withstand voltages sh
highest |voltage for equipment. This association is for insulatio
The requirements for human safety are not covered by this stardard

Although the principles of this standard also apply to transmjss
of their withstand voltages may be different from the

The appgaratus committees are responsible for spesifyi a
test prpcedures suitable for the
recommiendations of this standard.

NOTE
in detail,|in particular the association of th

r IEC 60071-2, Application Guide, all ndales for insula

2 Normative refere

The follpwing re
For dated referenceés
of the referenced

IEC 600

IEC 60086
requirern

IEC 6007 152;"Insulation co-ordination — Part 2: Application guide

ted withstand voltages
ing” into considerat

Q-ordination given in this standard ar
5{and voltages with the highest v

e standard rated
equipment. When more than one_set of standard rated\withstand ydltages is associated with the sam
voltage fdr equipment, guidance/is provigedfar the setection of the most suitable set.

A

ith the
es only.

and the
on the

e justified
bltage for
e highest

cument.
t edition

nd test

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

systems

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

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

31

insulation co-ordination

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

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

NOTE R PPN | E rS Y] £ 4L H 4 H + L H'S tocl HES 4 & Aa-ad Tt 1 ] d f d
By—tdetectre-strengtheof-the—egtipment—is—meanthere—its—rated-orits—standard-instiatontevetqs define

in 3.35 ar|d 3.36 respectively.

3.2
externall insulation

distancgs in atmospheric air, and the surfaces in contact
insulatign of the equipment which are subject to dielectric s

of solid
eljlfects of

umidity,
vermin, letc.

[IEC 604-03-02:1987, modified]

NOTE Ekternal insulation is either weather protected or inside or

outside clpsed shelters respectively.

3.3
internal insulation

internal|distances of the solid, liquid,
from thg effects of atmospheri

[IEC 604-03-03:1987]

3.4

self-restoring i@ i
insulatign which, v
disrupti
[IEC 60

rotected

pletely recovers its insulating properties| after a

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

3.5

non sel 2
insulatid ichNosesyits insulating properties, or does not recover them completely| after a
disrupti

[IEC 60

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

3.6

insulation configuration terminal

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

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

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

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

complete geometric configuration of the insulation in service, consisting of the insulation and
of all terminals. It includes all elements (insulating and conducting) which influence its

dielectric behaviour. The following insulation configurations are identified:

3.71
three-phase insulation configuration

configuration having three phase terminals, one neutral terminal and one earth terminal

3.7.2
phase-to-earth (p-e) insulation configuration

three-phase insulation configuration where two phase terminals are disregard
in partiqular cases, the neutral terminal is earthed

3.7.3
phase-to-phase(p-p) insulation configuration
three-phase insulation configuration where one phase termina
cases, the neutral and the earth terminals are also disreg

3.74
longitudinal(t-t) insulation configuration
insulatign configuration having two p

terminals belong to the same phase ¢
independently energized parts (e.g. ops
the othe¢r two phases are disregarded
terminals considered is earthed

3.8
nominal voltage of a s
Un

suitable approxi@v
[IEC 60{-01-21:19
3.9
highest
US

highest
normal

designate or identify a system

[IEC 60]-

except

articular

phase
nto two
hging to
D phase

under

3.10
highest voltage for equipment
Um

highest value of phase-to-phase voltage (r.m.s. value) for which the equipment is designed in
respect of its insulation as well as other characteristics which relate to this voltage in the
relevant equipment Standards. Under normal service conditions specified by the relevant

apparatus committee this voltage can be applied continuously to the equipment

[IEC 604-03-01:1987, modified]
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3.11
isolated neutral system

system where the neutral point is not intentionally connected to earth, except for high

impedance connections for protection or measurement purposes

[IEC 601-02-24:1985]

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

[IEC 601-02-25:1985]

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

[IEC 60(-02-26:1985]

3.14
resonant earthed (neutral) system
system jin which one or more neutral points are confected
approximately compensate the capacitive compor

[IEC 60(-02-27:1985]

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

3.15
earth fqult factor
k
at a given location of @ threesphase\system
the highest r.m. hase
earth affecting ong Or.m
power ffequency vol
such fault

[IEC 604-03-
3.16
overvoltag

f

It ¢

ugh reactance

and for a given system configuration, the

prrents

s which

urrent

ht that an

ratio of
fault to
to-earth
e of any

a peak

— between one phase conductor and earth or across a longitudinal insulation having

[IEC 604-03-09, modified] or

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

voltage of the system
[IEC 604-03-09:1987, modified]

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

to Ug x \/E/\E
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3.17
classification of voltages and overvoltages

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

classes

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

3.171
continuous (power frequency) voltage

power-frequency voltage, considered having constant r.m.s. value, continuously applied to

any pair of terminals of an insulation configuration

3.17.2

temporLry overvoltage
TOV
power ftequency overvoltage of relatively long duration

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

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

3.17.3
transient overvoltage
short-dyration overvoltage of few milliseconds 0

highly damped
SN

[IEC 604-03-13:1987]

NOTE Transient overvoltages may be immedjatel
overvoltages are considered as se

porary overvoltages. In such case]

Transient overvoltages are

3.17.3.1
slow-front over g
SFO

transie

t overvoltag igrial, with time to peak 20 ys < Tp <5 000 ps,

transient ove S dally unidirectional, with time to peak 0,1 ys < T4 < 20 ps,
duratior] 7, <300

3.17.3.3

bral times

usually

5 the two

and tail

and tail

very-fast-front overvoltage
VFFO

transient overvoltage, usually unidirectional with time to peak T; < 0,1 ys, and with or without

superimposed oscillations at frequency 30 kHz < f < 100 MHz

3.17.4
combined overvoltage
consisting of two voltage components simultaneously applied between each of the tw

0 phase

terminals of a phase-to-phase (or longitudinal) insulation and earth. It is classified by the

component of higher peak value (temporary, slow-front, fast-front or very-fast-front)
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3.18
standard voltage shapes for test
the following voltage shapes are standardized:

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

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

3.18.2
standard switching impulse

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

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

3.18.4
standand combined switching impulse
for phage-to-phase insulation, a combined impulse Aol aVunNg bf equal

peak value and opposite polarity.

The pogitive component is a standard 4 vitching
impulse| whose times to peak and halkvalte s positive
impulse|l Both impulses should reach theix pea t thesame instant. The peak ypalue of
the comppined voltage is, therefore, the(sum ff the alues of the components

3.18.5
standarnd combined veltage
for long|tudinal insulationy\g~combi je having a standard impulse on one termjnal and

a powef frequengi\v sinal. The impulse component is applief at the
peak of @

3.19

Urp
overvolt
of a givg

oltages

by one
service

They cg
value of
conditio

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

3.20

overvoltage limiting device

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

lightning [or switching] impulse protective level

Uy [or Ul

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

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

3.22

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

3.23
withstahd voltage
value of the test voltage to be applied under specified copditiqny i iths ge test,
during which a specified number of disruptive discharg S ated; , voltage
is desighated as:

a) conyentional assumed withstand voltage, w charges

tolenated is zero. It is deemed to co

b) stati
to a

NOTE In
and for sq

related
=90 %.

voltages,

3.24
co-ordi
UCW
for each
actual s

ation in

3.25
co-ordi
Kc

factor by
obtain ti

e representative overvoltage must be multiplied in prder to
grdination withstand voltage

3.26
standar evatmospheric conditions
atmospheri€ conditions to which the standardized withstand voltages apply (see 5.9

3.27

required withstand voltage

U

ters“{ voltage that the insulation must withstand in a standard withstand voltage test to ensure
that the insulation will meet the performance criterion when subjected to a given class of
overvoltages in actual service conditions and for the whole service duration. The required
withstand voltage has the shape of the co-ordination withstand voltage, and is specified with
reference to all the conditions of the standard withstand voltage test selected to verify it
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3.28

atmospheric correction factor

K

factor to be applied to the co-ordination withstand voltage to account for the difference in
dielectric strength between the average atmospheric conditions in service and the standard
reference atmospheric conditions

It applies to external insulation only, for all altitudes

NOTE 1 The factor K; allows the correction of test voltages taking into account the difference between the actual
atmospheric conditions during test and the standard reference atmospheric conditions. For the factor K;, the
atmospheric conditions taken into account are air pressure, temperature and humidity.

NOTE 2 For insulation co-ordination purposes usually only the air pressure correction needs to be taken into
account.

3.29
altitudeg correction factor
Ka

factor tp be applied to the co-ordination withstand voltage t iffefence in
dielectric strength between the average pressure correspo 2 i ice and
the standard reference pressure

NOTE The altitude correction factor K, is part of the atmospher;j

3.30
safety flactor
Ks

overall 1

atmospheri
accoun

during |

idn of the
voltage,
service

3.31
actual withstand volta
Uy |
highest |possible
configunation in a st4

insulation

3.32

test conversion

Ktc o . . . . . . .
for a gipen € , equired
withstarnd voliage ifven overvoltage class, in the case where the standard wjthstand

shape of the-setected withstand voltage test is that of a different overvoltage class

NOTE Fpnra.diven eqmpment or insulation conflguratlon the test conversmn factor of the standard voltgge shape
(a) to the v 'd voltage
for the standard voltage shape (a) and the actual W|thstand voltage of the standard voltage shape (b)

3.33

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. It is a rated value of the
insulation of an equipment

3.34

standard rated withstand voltage

UW

standard value of the rated withstand voltage as specified in this standard (see 5.6 and 5.7)
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rated insulation level
set of rated withstand voltages which characterize the dielectric strength of the insulation

3.36

standard insulation level
set of standard rated withstand voltages which are associated to U,, as specified in this
standard (see Table 2 and Table 3)

3.37

standard withstand voltage test

dielectri

test performed in specified conditions to prove that the insulatien.complie

s with a

standar

NOTE 1

— short-
— switch
— lightni
— combi
— combi

NOTE 2
Table 1 fg

NOTE 3
apparatug

4 Syi

41 @

The list
insulatid

4.2

p-e
t-t

max

Sjubscripts

| rated withstand voltage

This standard covers:

Huration power-frequency voltage tests;
ing impulse tests;

hg impulse tests;

hed switching impulse tests;

hed voltage tests.

More detailed information on the standard withstand volfage tests\are giyepin IEC 60060-1
r the test voltage shapes).

The very-fast-front impulse standg

tage te@s ould be specified by thg
committees, if required.

nbols and abbreviations

eneral

covers only th mbols and abbreviations which are u

n co-ordiﬁtlo

(see also

relevant

seful for

frequency
earth fault factor

atmospheric correction factor
altitude correction factor
co-ordination factor

safety factor

test conversion factor
withstand probability

front time

time to half value of a decreasing voltage
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Tp time to peak value

Ty total overvoltage duration

Uaw the 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

Upl lightning impulse protective level of a surge arrester
Ups switching impulse protective level of a surge arrester
Urp representative overvoltage

Urw required withstand voltage

Ug highest voltage of a system

Uy standard rated withstand voltage

4.4 Abbreviations

FFO fast-front overvoltage

ACWV f an

LIPL
SIPL

LIWV t or

SFO

SIWV t or

TOV
VFFO

5 Prg sUlation 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.
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Origin and classification of stressing

Representative voltages and
overvoltages Urp (see 3.19)

voltages (see 3.16 and 3.17)
Protective level of overvoltage limiting
devices (see 3.21)
Insulation characteristics

Insulation characteristics

Performance criterion (see 3.22)

Statistical distribution (+) "

Inaccuracy of input data (+)

Selection of the insulation meeting I
the performance criterion (see 5.3)

(+) Effects combined in a co-ordination

Y r

fagtor K¢ (see 3.25)

Alfitude correction factors K5

Co-ordination withstand voltageg U
/@‘ég .24)

(orfatmospheric correction factors K
(see 3.28 and 3.29)

Equipment test assembly *)
Di

Qality of installation *)
Adeing in service *)
Other unknown factors *)

4persion in production *) 1
4>

*) Effects combined in a safety factor Kg

I
Application of fagto

the differences betwee
conditions
service gonditions

AY
Requited wit staMol es Uny
(see 3.27)

(see 3.30)
T4gst conditions (see 6)
Tesst conversion factor Ki; ~ (see 3.32)

Standard withstand voltagés
see

Rpnges of Un,

ae'ct.\*o>rata1 T vOTages !

ee\3.33) or standard rated withstand |

Sided boxes refer to obtained results

2781/05

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

Table 1 — Classes and shapes of overvoltages, Standard voltage shapes
and Standard withstand voltage tests
N\ (\
Class Low frequency Trans<ignt
Continuous Temporary Slow-front F{st}t‘o{\\ \ Ve%fast-front
1/f ) t
Voltage| or i
over ﬂ N ! / N M
voltage / b‘ n
h Ti
shapes t, > 10f 11f
~ T; <10p ns
Range [of B 0,3 MHz § f; <
voltage| or f=50Hz or 0,1us < Ty < 100 MH-|z1
over 60 Hz 20 us
voltage 30 kHz {4 f, <
shap Ty 23 600s T, =300 ps 300 kifiz
~
Stand a
volta > <!
shap < T2 .
48 Hz<f< _ -
62 Hz Tp = 250 ps T,=12ups
T,=60s T, =2500 ps T, =50 ps
v?ittahns(: 'r‘dd a Shotf;i?:?t'on Switching impulse Lightning impulse _
o test test
voltage test frequency test

2 To be specified by the relevant apparatus committees.

The representative voltages and overvoltages may be characterized either by:

— an assumed maximum, or
— a set of peak values, or
— a complete statistical distribution of peak values.

NOTE In the last case additional characteristics of the overvoltage shapes may have to be considered.
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When the adoption of an assumed maximum is considered adequate, the representative
overvoltage of the various classes shall be:

— For the continuous power-frequency voltage: a power-frequency voltage with r.m.s. 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
r.m.s. value equal to the assumed maximum of the temporary overvoltages divided by J2 .

— 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 al to the

peak value of the assumed maximum of the fast-front overvoltages ph

NOTE For GIS or GIL with three-phase enclosure and insulation levels chose nes for a

giver] Un, the phase-to-phase overvoltages may need consideration.

— For the very-fast-front overvoltage: the characteristics for gge are

spegified by the relevant apparatus committees.

- For impulse
with phase-
to-phase overvoltages.

- For . sting of
a st itchi i i ' € eguency voltage, each with
peak 5 p i ‘ instant
of impulse peak coinciding with the i itly.

5.3 Determination of the co-ordinatio

The determination of the co-ordinati i ges consists of determining th¢ lowest

values pf the withstand vo i i iterign when

subjected to the repre

The co-ordinatic@ e’ insulation have the shape of the represgentative
overvoltages of th z ir values are obtained by multiplying the vplues of
resentative g co-ordination factor. The value of the co-ordination

the rep

factor depends oR the @3 e evaluation of the representative overvoltages| and on
an emp 2l appraisal of the distribution of the overvoltages anfl of the
insulatid it

The co; i S ithstand voltages can be determined as either conventional gssumed
withstarn ges o statlst|cal withstand voltages This affects the determination prpcedure

and the

Simulations of overvoltage events combined with the simultaneous evaluation of the risk of
failure, using the relevant insulation characteristics, permit the direct determination of the
statistical co-ordination withstand voltages without the intermediate step of determining the
representative overvoltages.
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5.4 Determination of the required withstand voltage (U,,,)

The determination of the required withstand voltages of the insulation consists of converting
the co-ordination withstand voltages to appropriate standard test conditions. This is
accomplished 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 standard withstand voltage tests.

The factors to be applied shall compensate atmospheric conditions by the atmospheric
correction factor K, and the effects listed below by a safety factor K.

Effects combined in a safety factor K.:

— the differences in the equipment assembly;
— the dispersion in the product quality;

— the quality of installation;
— the @geing of the insulation during the expected lifetime;
— othefr unknown influences.

If, howe
from ex

afety factor,|derived

The atmospheric correction factor K{ is ‘8 & insulation only. K, shall be
applied grence atmospheric cgnditions
and tho

For altifude correction, the g|ti >’ which considers only the average air
pressur [ applied. The altitude correction factof K, has
to be ap e

5.5 Selectio

The sel . i et consists of the selection of the most economical set
of stang [ Y oltages) (U,,) of the insulation sufficient to prove thaf all the
required

The hig Qltage far eguipwient is then chosen as the next standard value of U, pqual to
or highsg est \oltage of the system where the equipment will be installed.

U,, shall be ‘at leastequal to U,.

For eqn] be nstalled under normal environmental conditions relevant to ingulation,
[

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

NOTE As an example, the selection of a U,, value higher than the next standard value of U,, equal to or higher
than Ug may arise when the equipment has to be installed at an altitude higher than 1000 m in order to compensate
the decrease of withstand voltage of the external insulation.

Standardization 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 tests,
partial discharge voltage tests...).
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The withstand voltages to prove that the required temporary, slow-front and fast-front
withstand 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
shape, exploiting, for this last selection, the intrinsic characteristics of the insulation.

The value of the rated withstand voltage is then selected in the list of the standard rated
withstand voltages reported in 5.6 and 5.7, as the next value equal to or higher than:
— the 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 a different shape.

comqptance—with more
fl rated withstand voltages

NOTE Tiusmmay atow theadoptiomofa—smyte—standardTated—withstand—~vottagetopro
than one fFequired withstand voltage, thus giving the possibility of reducing the number
that would define a rated insulation level (e.g. see 5.10).

For eqyipment to be used in normal environmental conditions, ion level

should fhen preferably be selected from Table 2 and Table 3 cp plicable
highest |voltage for equipment such that these rated withstand

The selgction of the standard rated withstand voltage f i i e very-
fast-front required withstand voltage shall be paratus
committees.

For surg H on the
protecti paratus
standar ed from

the lists|of 5.6 and 5.7

5.6 Ljst of standard ratec

The follpwing r.m.s. v

28, 38, p0, 70, 95,11
The follpwing r.m.;.

are standardized as withstand voltages] 10, 20,
325, 360, 395, 460.

s : 510,

570, 63 n).

57 L

The follpting_peat ~ 20, 40,
60, 75, \ 170) 200, 250, 325, 380, 450, 550, 650, 750, 850, 950, 1050, 1175,

1300, 1

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 transmission
and distribution systems. The different operational aspects, therefore, shall be taken into
account in the selection of the rated insulation level of the equipment.

— range ll: Above 245 kV (Table 3). This range covers mainly transmission systems.
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5.9 Environmental conditions
5.9.1 Normal environmental conditions

The normal environmental conditions that are of concern for insulation coordination and for
which withstand voltages can be usually selected from Table 2 or Table 3 are the following:

a) The ambient air temperature does not exceed 40 °C and its average value, measured over
a period of 24 h, does not exceed 35 °C. The minimum ambient air temperature is —10 °C
for class “—10 outdoor”, —25 °C for class “-~25 outdoor” and —40 °C for class “—40 outdoor”.

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

c) The ambient air is not significantly polluted by dust, smoke, corrosive ours or
salt.| Pollution does not exceed pollution level Il — Medium, accofding le 1 of
IEC $0071-2.

d) The|presence of condensation or precipitation is usual. Preg 9f dew,
condensation, fog, rain, snow, ice or hoar frost is considered

NOTE Precipitation characteristics for insulation are described in IEC 600608 cipitation

character|stics are described in IEC 60721-2-2.

5.9.2 Standard reference atmospheric condition

The stapdard reference atmospheric condition for oltages

apply afe:

a) temperature: t; = 20 °C

b) prespsure: by = 101,3 kPa (1013 mbarh

c) absglute humidity: hg = 11 g/m3.

5.10 Sielection of the st

The asdociation of st uipment

has begqn standardiz systems

designed according Ao

The sta g uipment

according to ¢ thstand

voltages tandard
refereng

The ass columns

without

+l £all H HP 4 ol A H o £ b 4 b a1 1 1
Furtherl TUTreT, uic IUIIUVVIIIH doovulldaliUullo AdlT oudiTudiuiZTu TUTI PITdoTTlUTYITAdoT Ariu IUllUItudlnaI

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
withstand voltage tests may be needed.
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For phase-to-phase insulation, range Il, the standard lightning impulse withstand voltage
phase-to-phase is equal to the lightning impulse phase-to-earth.

For longitudinal insulation, range |, the standard rated short-duration power-frequency and
lightning impulse withstand voltages are equal to the relevant phase-to-earth withstand
voltages (Table 2).

For longitudinal insulation, range II, the standard switching impulse component of the
combined withstand voltage is given in Table 3, while the peak value of the power-

frequency component of opposite polarity is U, x «/5/\/5
For longitudinal insulation range Il, the standard lightning impulse component of the

combined withstand voltage is equal to the relevant phase-to-earth withstand voltage
(Table 3), while the peak value of the power-frequency component of opposite polarity is

0,7 % Uy x V2/43.

More tlan one preferred association is foreseen for most of ¢the \i es for

equipment to allow for the application of different performance criter atterns.

For the|preferred associations, only two standard rated cient to

define the rated insulation level of the equipment:

— For gquipment in range I:

a) ]he standard rated lightning impulse with
b) the standard rated short-durat
— For equipment in range II:
a)
b) the standard rated lightning impuls

If techpically and econs 2 ifI &y~ associations may be adoptdd. The

recommendations of 5 ) ( ved in every case. The resulting set of qtandard

rated withstand voltage : ) exefore, rated insulation level. Particular examples
are:

— For sr’values of U, in range |, it may be more ecdnomical
to s ing impulse withstand voltage instead of a dtandard
rate gncy withstand voltage.

— For ange Il, high temporary overvoltages may reqdire the
spegjf i dard fated short-duration power-frequency withstand voltage
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Table 2 — Standard insulation levels for range | (1kV < U,,, < 245 kV)

Highest voltage
for equipment

(Um)
kV
(r.m.s. value)

Standard rated short-
duration
power-frequency
withstand voltage

kV
(r.m.s. value)

Standard rated
lightning impulse
withstand voltage

kV
(peak value)

20
3,6 10
40
7,2 20 fg
4
60
12 28
A\
17,52 38 X\ \)
| N\ B
Nos
24 50 5
(\ K] A 145
° \\_Jj\/ms
36 70
170
522 ( 95 \ 250
A N
100° N \(\@QL 3\/ (380)
[\/\ NN 450
<> ¢ (185) (450)
NN
> (185) (450)
45 230 550
L 275 650
\ (230) (550)
170 275 650
325 750
(275) (650)
(325) (750)
245 360 850
395 950
460 1050

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.

8 These U, are non preferred values in IEC 60038 and thus no most frequently
combinations standardized in apparatus standards are given.

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)

Highest Standard rated switching impulse withstand voltage Standard rated
voltage for Ph h | ph h lightning impulse
equll[j)ment Longitudinal ase-to-eart ase-to-phase withstand

(Um) insulation 2 voltage P
(ratio to the
KV ( eali(\\falue) kV phase-to-earth li(v |
(r.m.s. value) P (peak value) peak value) (peak value)
850
750 750 1,50
950
300 °
950
750 850 1,50 ~
1050

850 950 1,50

s

850 850 1,50
e
OO\ s

1175

420 950

<
/-\D

1175
5
1300

\1/ 1300
950 > 5 '50
1425

) \5/ 1300
550 0 10 1,60

1425
< > 9 1425
< < > 1175 1,50
A\ 0

1550

1675
M75 1300 1,70

1800

1800
1175 1425 1,70

1950

1950
};gg 1550 1,60

2100

NOTE The introduction of U,, above 800 KV is under consideration, and 1050 KV, 1100 KV and
1200 kV are listed as U, in IEC 60038 Amendment 2, 1997.

a Value of the impulse component of the relevant combined test while the peak value of the power-
frequency component of opposite polarity is U, x V2 / V3.

b These values apply as for phase-to-earth and phase-to-phase insulation 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 V2 / V3.

¢ This U, is a non preferred value in IEC 60038.
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5.11 Background of the standard insulation levels
5.11.1 General

The standard insulation levels given in Table 2 and Table 3 reflect the experience of the
world, taking into account modern protective devices and methods of overvoltage limitation.
The selection of a particular standard insulation level should be based on the insulation co-
ordination procedure in accordance with the insulation co-ordination procedure described in
IEC 60071-2 (third edition) and should take into account the insulation characteristics of the
particular equipment being considered.

In range |, the standard rated short-duration power-frequency or the standard rated lightning
impulse[withstand voitage Shoutd cover the Tequired Switching impuise withstand yoltages
phase-tp-earth and phase-to-phase as well as the required longitudinal oltgge.

In rangg¢ Il, the standard rated switching impulse withstand voltage sho pequired
short-dLratlon power-frequency withstand voltage if no value i Felevant
apparatpys committee.

In ordef to meet these general requirements, . pould be
converted to those voltage shapes for which standaypd rated tand oltages are gpecified

using test conversion factors. The test conversion f g results
to provigle a conservative value for the rated wit

IEC 60071-1 leaves it to the relevantappar -duration
power-frequency test intended to den 2 sponse of the equipment with

respect to ageing of internal insulati pollution (see also IEC 60507).

5.11.2 | Standard rated &

In Tablg 3, standard r stand voltages associated with each | highest
gnsideration of the following

voltage [for equipmen 3 S :
a) for equipmer& e i hing overvoltages by surge arresters:

- the e

— the available surge arresters;

— the g actors between the protective level of the surge arregter and
the § hig aptise\withstand voltage of the equipment;

b) for gqui A0t protected against switching overvoltages by surge arresters:

— the ble risks of disruptive discharge considering the probable range of overyoltages
occl

arvaltann ~cantral ~A
v oTv ot gC—CottTr o5

¥ e e-by careful
witching devices and in the system design.

— the icgrc

(7]
©
o
o
=
o
=}
o ¢
S,
>
o Q
[7)]

5.11.3 Standard rated lightning impulse withstand voltage

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


https://iecnorm.com/api/?name=7449ed2de413f956a30ef9ca3b0f0666

60071-1 O IEC:2006 -51 -

a)

for equipment protected by close surge arresters, the low values of lighting impulse
withstand level are applicable. They are chosen by taking into account the ratio of
lightning impulse protective level to switching impulse protective level likely to be
achieved with surge arresters, and by adding appropriate margins;

for equipment not protected by surge arresters (or not effectively protected), only the
higher values of lightning impulse withstand voltages shall be used. These higher values
are based on the typical ratio of the lightning and switching impulse withstand voltages of
the external insulation of apparatus (e.g. circuit-breakers, disconnectors, instrument
transformers, etc.). They are chosen in such a way that the insulation design will be
determined mainly by the ability of the external insulation to withstand the switching
impulse test voltages;

in a few extreme cases, provision should be made for a higher value of lightning impulse
withgtand voltage. This higher value shall be chosen from the serie$ of standard values
given in 5.6 and 5.7.

6 Requirements for standard withstand voltage tests

6.1 General requirements

Standard withstand voltage tests are performed to demo ‘ itak)é confidence, that
the actyal withstand voltage of the insulation is no orresponding gpecified
withstanpd voltage. The voltages applied in withstand /voltage te are standand rated
withstard voltages unless otherwise sp e xele a@pp atus committees

In gene ' s pexformed in a standard situat{on (test
arrange A atus mittees and the standard rgference
atmospheric conditions). However, for [non 3 sted external insulation, the gtandard
short-dyration power-freque i ! Vithstand voltage tests consigt of wet
tests pefrformed under the itj 60060-1.

During et tests, the 9 taneously on all air and surface insulation

under voltage. Q

If the atmospheri dliti \ e_test laboratory differ from the standard rgference
atmosp ions ges shall be corrected according to IEC 60060-1

All imp i 3 shall be verified for both polarities, unless the felevant
apparatpus

When it has
combingtionof these
withstand<voltage for this particular condition.

dentonstrated that one condition (dry or wet) or one polarity or a
produces the lowest withstand voltage, then it is sufficient to verify the

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.

When the standard rated withstand voltage of phase-to-phase (or longitudinal) insulation is
equal to that of phase-to-earth insulation, it is recommended that phase-to-phase (or
longitudinal) insulation tests and phase-to-earth tests be performed together by connecting
one of the two phase terminals to earth.
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6.2 Standard short-duration power-frequency withstand voltage tests

A standard 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 have 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 repeated
once and the equipment is considered to have passed the test if no further disruptive
discharge occurs.

relevan{ apparatus committees may specify frequencies up to f rtz and

When the test cannot be performed (such as for transformers with non-unfformi sulaelon), the
duratiors shorter than 1 min. Unless otherwise justified, the test vol{ay the game.

shall

6.3 andard impulse withstand voltage tests

A standard impulse withstand voltage test consists of a & ified Rt icgtions of
the relejant standard rated withstand voltage to the termi the i iguration.
Differenft test procedures may be selected to demon at th S are met

The te ing test

procedures which are standardized and

— Thrge-impulse withstand voltage te

— Fiftden-impulse withstand voltage test i { i i i he self-
restoring insulation aré

— Thrde-impulse wit he self-
restoring insulatio ] during
whigh no dis S

— The|up-and-down ® isruptive

discharges on s€

— The S impulse per level, which is recommended only if the
cony efined in IEC 60060-1 is known. The values suggested there,
z=6 ' i i i , if, nly if, is
kno f ed.

that no dlsruptlve dlscharge occurs in the non- self restorlng msulatlon ThIS two out of fifteen-
impulse withstand voltage test adapted procedure is the following for each polarity:
— the impulse number is at least 15;

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

— the number of disruptive discharges shall not exceed two.
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This two out of fifteen-impulse withstand voltage test adapted procedure may finally lead to a
maximum possible number of 25 impulses for each polarity.

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

When selecting a test for equipment in which non-self-restoring insulation is in parallel with
self-restoring insulation, serious consideration should be given to the fact that in some test
procedures 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 i >\/ol‘tage
tests in|standard test situations, the apparatus committees, og” technicalcommi 2, shall
specify |the best solution to prove the relevant standard i 3 tagg¢s. One
possibillty is to perform the test in an alternative test situat{on.

An altgrnative test situation consists of one i est conditions (test
arrangements, values or types of test voltages i gessary, therefore, to
demons| S development, relevant to

the stan

NOTE A e a hetests of longitudinal insulat|on, while
insulating i i . case, the demonstration mentionpd above
concernin| i i i i inge ondition for the acceptance of the alfernative.

6.5 Phase-to-phase a | al N ionStandard withstand voltage tests for

e
6.5.1
For so < m <245 kV, the phase-to-phase (or longjtudinal)
insulatig i S ency withstand voltage higher than the phase-to-earth
power-f ithsta Y ge_as shown in Table 2. In such cases the test shall be
preferal : ad Wi o\voltage sources. One terminal shall be energized with the
phase-t » S withstand voltage and the other with the difference between
the pha ongitudinal) and the phase-to-earth power-frequency wjthstand
voltages. :
Alternatjvely. the test may be performed:

— withtwoequal-power-frequency vottage Sources i piTase opposition, eacirenergizing 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 electrical
stresses on the phase terminal (as occurs in compressed gas longitudinal insulation having U, 2 72,5 kV), means
should 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.
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