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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ROTATING ELECTRICAL MACHINES -

Part 18-1: Functional evaluation of insulation systems —
General guidelines

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compriging

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote“internatid
co-operation on all questions concerning standardization in the electrical and electronic fields.JTo this end
in addition to other activities, IEC publishes International Standards, Technical Specifications, Fechnical Repo|
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). T
preparation is entrusted to technical committees; any IEC National Committee interested’in the subject dealt V

nal
hnd
rts,
eir
ith

may participate in this preparatory work. International, governmental and non-governmental organizations liaiding

with the IEC also participate in this preparation. IEC collaborates closely with the \[nternational Organization
Standardization (ISO) in accordance with conditions determined by agreementrbetween the two organization

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

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

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicati
transparently to the maximum extent possible in their national and regional publications. Any divergence betw
any IEC Publication and the corresponding national or'regional publication shall be clearly indicated in the laf

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

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

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

Attention is drawn to the\Normative references cited in this publication. Use of the referenced publication
indispensable for the ¢orrect application of this publication.

Attention is drawn\to/the possibility that some of the elements of this IEC Publication may be the subject of paf
rights. IEC shalknot be held responsible for identifying any or all such patent rights.

is commented version (CMV) of the official standard IEC 60034-18-1:2022 edition
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A vertical bar appears in the margin wherever a change has been made. Additions are in
green text, deletions are in strikethrough red text. Experts' comments are identified by a
blue-background number. Mouse over a number to display a pop-up note with the
comment.

This publication contains the CMV and the official standard. The full list of comments is
available at the end of the CMV.
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IEC 60034-18-1 has been prepared by IEC technical committee 2: Rotating machinery. It is an
International Standard.

This third edition cancels and replaces the second edition published in 2010. This edition
constitutes a technical revision.

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

a) provides general guidelines for functional evaluation of different types of windings as before

but incorporates those changes, which have been introduced for the electrical qualificat
and evaluation of windings which are electrically stressed by converter-supply;

b)|is now focused on general guidelines with all technical details of procedures 3

qualification principles moved to the subsequent parts;

c) | details additional general aspects of functional evaluation and qualification;\particularly {

procedure for comparison between reference and candidate insulation” systems,
introduction of the concept of qualification for different expected life<times in service 4
the evaluation of minor component or manufacturing changes.

The text of this International Standard is based on the following doCuments:

Draft Report on voting

2/2113/FDIS 2/2118/RVD

Full information on the voting for its approval can bie found in the report on voting indicated
thg above table.

The language used for the development of this International Standard is English.

Thjs document was drafted in accordance with ISO/IEC Directives, Part 2, and developed
acgordance with ISO/IEC Directives,\Part 1 and ISO/IEC Directives, IEC Supplement, availa

at

depcribed in greater detail at www.iec.ch/standardsdev/publications.

A list of all parts in the IEC)60034 series, published under the general title Rotating electri
m4chines, can be found on the IEC website.

The committee hasj)decided that the contents of this document will remain unchanged until {
stgbility date indicated on the IEC website under webstore.iec.ch in the data related to {
specific docdment. At this date, the document will be

recenfirmed,

on

nd

he
he
nd

n

in
ble

www.iec.ch/members_experts/refdocs. The main document types developed by IEC are

cal

he
he

withdrawn,

replaced by a revised edition, or

amended.

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

IEC 60034-18 comprises several parts, dealing with different types of functional evaluation and
special kinds of test procedures for insulation systems of rotating electrical machines.
IEC 60034-18-1 provides general guidelines for such procedures and qualification principles,
whereas the subsequent parts |IEC 60034-18-21,—1EC60034-18-22; I|IEC 60034-18-31,
IEC 60034-18-32, IEC TS 60034-18-33, IEC 60034-18-34, IEC 60034-18-41 and IEC 60034-
18-42 give detailed procedures for the various types of windings. Beyond that, part IEC 60034-
18-41 and IEC 60034-18-42 contain special test procedures for electrical evaluation of windings
electrically stressed by converter-supply.

The following standards provide the basis and background for the development of the‘afore
mgntioned standards.

IEC 60505 establishes the basis for estimating the ageing of electrical insulation'systems under
cohditions of either electrical, thermal, mechanical, environmental stresses er combinationg of
thg@se (multifactor stresses). It specifies the general principles and procedures that should |be
followed defining functional test and evaluation procedures.

Tt;r IEC 60216 series deals with the determination of thermal endurance properties of single
inqulating materials. On the assumption, that the Arrhenius formulas describe the rate| of
thgrmal ageing of the materials, test procedures and amalyzing instructions for getting
characteristic parameters like the “Temperature index” (Tl),%he “Halving interval” (HIC) and the
“Relative thermal endurance index” (RTE) are given. For all these parameters selecled
properties and accepted end-point-criteria are specified. Consequently, a material may |be
assigned with more than one temperature index, derived from the measurement of differgnt
properties and the use of different end-point criteria.

-

IEC 60034-18-1 defines general requirements on the qualification of insulation systems, where
— for thermal ageing — the Arrhenius egoations do not necessarily fit, according to mgny
experiences.

IEC 60085 deals with thermal evaluation of electrical insulation materials and in particular
indulation systems used in electrical equipment. In particular, thermal classes of insulatjon
systems are defined and designations are given, such as 130 (B), 155 (F) and 180 (H) for yse
in fotating machines belonging to IEC 60034-1. In the past, materials for insulation systems
welre often selected solely'on the basis of thermal endurance of individual materials performed
acgording to the IEC.60216 series. However, IEC 60085 recognizes that such selection may
be|lused only for scgreening materials prior to further functional evaluation of a new insulatjon
sys$tem which is not service-proven. Evaluation is performed on the basis of a comparison with
a gervice-proven-reference insulation system. Service experience is the preferred basis ffor
as$essing thie*thermal endurance of an insulation system.

IEC 62539 defines statistical methods to analyse times to breakdown and breakdown voltgge
daja’@btained from electrical testing of solid insulation materials, for the purposes|of
Ch JIdbtUI;LatiUll Uf tiIC bybtclll t'JIIUI bUIIIde;bUII WI“I UtiIUI ;llbuidtiull Dybtclllb. T;Iﬂ IIIU“IUCIID Of
analysis are described for the Weibull-distribution, but other distributions are also presented.
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ROTATING ELECTRICAL MACHINES -

Part 18-1: Functional evaluation of insulation systems —
General guidelines

1 Scope

ThJS part of IEC 60034 deals with the general guidelines for functional evaluation of electrital

indulation systems, used or proposed to be used in rotating electrical machines within the scdpe
of JEC 60034-1, in order to qualify them.

2 | Normative references

The following documents are referred to in the text in such a way that sonte or all of their contgnt
copstitutes requirements of this document. For dated references, oply_the edition cited applies.
For undated references, the latest edition of the referencedydocument (including gny
anmendments) applies.

IEC 60034-1, Rotating electrical machines — Part 1: Rating and performance

IEC 60034-18-21, Rotating electrical machines — Paft\1'8-21: Functional evaluation of insulat{on
sy$tems — Test procedures for wire-wound windirfgs = Thermal evaluation and classification

IEC-B680034-18-22 Potatinag -electrical machines DPart 19 292 Eunctional evalyation-ofinsulatlon
=L OUuvo4—1+o-££4 olating-6reCtHcar-Macriiies o=z —+tRAcHoORA- eV tatHoR- OHHASHAHOohA
cybtame ast nrocedures for wire-wouna-windinas Classification-of-chanaes-and-insylation
SYP$TemS -eSt-procequreSTor-WHe-WOoUuRO WIRGIRGS orasSsSteattoh-or-cRangesanahAsStiajon

IEC 60034-18-31, Rotating electricalmachines — Part 18-31: Functional evaluation of insulat{on
sy$tems — Test procedures for form-wound windings — Thermal evaluation and classification] of

inqulation systems used in rotating machines-up-to-and-inetuding-50-MVA-and-16-kV

IEC 60034-18-32, Rotatihg electrical machines — Part 18-32: Functional evaluation of insulation

systems (Type 1) —Fest—p#eeedu%es—fer—fe#n%#e&nd%#mdmgs—é%a%&aﬂeﬂ—ef—eieemgm

Safsaes—ataon e s snionne poncl fn mmoaiinoe po o ol fncloclio s MVA-and 15 |kV
Elgctrical enduranee qualification procedures for form-wound windings

IEC TS 60034-18-33, Rotating electrical machines — Part 18-33: Functional evaluation| of
inqulation=systems Test procedures for form-wound windings —Multifactor—functiopal

evhluntian enduranhce-under-combined-thermal-and-electrical-stresses of insyl
CTVHTaOUiraTT A2 RAY A ' \"A 2R~ ERA” A | CUOUTTToTTTC O "'\J""u, u' G OoTooUToaAT COTUTT1TTY T

uspddfi-machines—upto-and-including-50-MVA-and—15-kV Multifactor evaluation

under simultaneous thermal and electrical stresses

fion
TOTT

by endurarnce

IEC 60034-18-34, Rotating electrical machines — Part 18-34: Functional evaluation of insulation
systems — Test procedures for form-wound windings — Evaluation of thermomechanical
endurance of insulation systems

IEC 60034- 18 41 2014 Rotatmg electrical machmes - Part 18- 41 Qaa#ﬁeane#aﬂe%yp&tests

eonverters Partial d/scharge free e/ectr/ca/ /nsu/at/on systems (Type /) used in rotating e/ectr/cal
machines fed from voltage converters — Qualification and quality control tests
IEC 60034-18-41:2014/AMD1:2019
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IECAS 60034-18-42, Rotating electrical machines — Part 18-42:-Qualification-and-acceptance
Partial discharge resistant electrical insulation

systems (Type 1l) used in rotating electrical machines fed from voltage converters —
Qualification tests

IEC 60034-27-3, Rotating electrical machines — Part 27-3: Dielectric dissipation factor
measurement on stator winding insulation of rotating electrical machines

IEC 60085, Electrical insulation — Thermal evaluation and designation-ef-electrical-Hnsulation

1EG 60216 (al \ Electrical i , e D s o

IEC 60493-1, Guide for the statistical analysis of ageing test data — Part 1: Methods’based|on
ma@gan values of normally distributed test results

IEC 60505:20042011, Evaluation and qualification of electrical insulation Systems

IEC 61858-1:2014, Electrical insulation systems — Thermal evaluation of modifications to |an
esfablished electrical insulation system (EIS) — Part 1: Wire-wounichwinding EIS

IEC 61858-2:2014, Electrical insulation systems — Therma{ evaluation of modifications to |an
esfablished electrical insulation system (EIS) — Part 2: Farmm~wound EIS

IEC 62539, Guide for the statistical analysis of electrical insulation breakdown data

3 | Terms and definitions
Fof the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the follow|ng
adfresses:
e | IEC Electropedia: available at http://www.electropedia.org/

e [ISO Online browsing-platform: available at http://www.iso.org/obp
3.1 General terms

3.11

clgss temperature

temperature/for which the insulation system is suitable, as defined by the thermal class
IEC 60085 and as used in IEC 60505

n

3.1:2

electrical insulation system
EIS

insulating structure containing one or more electrical insulating materials (EIM)-applied-over

together with associated conducting parts employed in—rotating—electrical-machines an

electrotechnical device

[SOURCE: IEC 60505:20042011, 3.1.1;-medified]
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.3

candidate insulation system

ins

ulation system being tested to determine its capability with respect to ageing factors

[SOURCE: IEC 60050-411:1996;-Amendment-1:2007, 411-39-26;-modified]

3.1

.4

reference insulation system
insulation system whose performance has been established by satisfactory service experience

[S

3.1
co
on

DURCE: IEC 60050-411:1996;-Amendment-1:2007, 411-39-27]

.5
|
b or more turns of insulated conductors connected in series and surrounded by comm

ingulation, arranged to link or produce magnetic flux

[SODURCE: IEC 60050-411:1996, 411-38-03,-modified]

3.1.6

bay

either of two parts which, after placed in their slots and when'connected together, will form
coplete form-wound coil (see 3.1.8) and which comprise a-coil side and an appropriate €
winding

Nofe 1 to entry: Large AC machines commonly use bars, and-usually, though not always, they form single-turn ¢
in d two-layer winding.

[SODURCE: IEC 60050-411:1996, 411-38-05,—modified]

3.1.7

wire-wound winding

winding which is wound with one _or‘several insulated conductors and in which the individ

CcoO
Nof
[S

3.1
fol

hductors occupy random positions in the coil side

e 1 to entry: It is usually random-wound with round conductors.

DURCE: IEC 60050°411:1996, 411-38-13,-modified]

.8
m-wound winding

winding consisting of coils or bars which are preformed to shape, insulated and substantia

co

Nof

mpleted.before they are inserted into their final places

on

he
nd

pils

hal

Iy

e Io entry:  Coils or bars are usually wound with rectangular conductors.

[SOURCE: IEC 60050-411:1996, 411-38-11,-moedified]

3.2 Terms relating to the objects being tested

3.21
test object
unit being tested

Note 1 to entry:

be subjected to functional tests.

Note 2 to entry: A test object may contain more than one test specimen (see 3.2.2).

It may be an actual machine or part thereof or a special test model (see 3.2.3 and 3.2.4) which can
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3.2.2
test specimen
individual component within a test object which can be used to generate one piece of test data

(e.

Note 1 to entry:

g. time to failure)

conductor to earth insulation), any one of which can provide that piece of data.

3.2.3
formette

sp

[S

ecial test model used for the evaluation of the insulation systems for form-wound winding

A test specimen may contain more than one insulation component (e.g. turn insulation and

DURCE: IEC 60050-411:1996;-Amendment-1:2007, 411-53-64]

3.24
magtorette

sp

bcial test model used for the evaluation of the insulation systems for wire-wound (randog

wolund) windings

[S

DURCE: IEC 60050-411:1996;-Amendment-1:2007, 411-53-65]

3.3 Terms relating to factors of influence and ageing factors

3.3.1
fagtor of influence

str|
an

ess imposed by conditions of operation, environment or test that may affect ageing or life
insulation system

3.3.2

ag

ping factor

fagtor of influence that causes ageing

Nofe 1 to entry: In the winding of an electrical machine, different factors of influence or ageing factors can
dorpinant in different parts (e.g. turn insulation and end-winding insulation). Therefore, different criteria may be u
to dssess those parts of the insulation. It‘can also be appropriate to apply different procedures of functional evalua
to these parts.

3.4 Terms relating to testing and evaluation

3.4.1
diggnostic factor

m_

of

bed
ion

vafiable or fixed ‘stress—app 3 e S e

ectahlich ite condition aftar 20einga without cianificanthy addina tn tha aaeina
A\ .DIUII'OII ll?’ oUTTOTOroTT aTioT ?u\.’lllu AAARIEAA" Y Oly'llllluulllly uuullly O L1 A2 Ols\: lls
whiich is applied to an EIS to establish the degree of ageing

[S

DURCE: |IEC 60505:20042011, 3.3.7;-moedified]

3.4.2

functional test
comparative test in which the candidate and the reference insulation systems are exposed to
ageing and diagnostic factors in order to qualify the candidate system, or, a functional test may
also be related to a diagnostic property 1

3.4.3

en

durance test

test in which the insulation system of a test object is exposed to one or more ageing factors
related to service conditions and where changes in specific properties are evaluated by
diagnostic tests


Here it is reflected that functional tests are not necessarily anymore of comparative nature, as it used to be in the past. With the development of absolute qualification tests like for example pd-inception voltage test also this diagnostic property can be used. The background is the understanding, that without pd, no major electrical ageing takes place in machine winding insulation systems.

https://iecnorm.com/api/?name=dc07f6b1e82da6501b43a6c3d51967cf
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3.44

diagnostic test

test in which the insulation system of a test object is exposed to one or more diagnostic factors
in order to discern its condition through measurements or proof tests and to determine when
the end-point criterion has been reached

3.4.5

end-point criterion

selected value of a characteristic of a test object indicating the end of its test life or arbitrarily
chosen for the purpose of the comparison of insulation systems

3.{;6
end-point

enf of a test as defined by the end-point criterion

3.4.7

clagssification
setl of actions leading to the determination of the-thermal class of an insulation system, €.g.
Thermal Class or Impulse Voltage Insulation Class |2

3.4.8

type test
teqt conducted on first prototype of product to confirm the desigh specifications, it is usually pot
repeated on other products of same type

3.4.9

qujality control test
copducted in order to ensure that the qualityyof a product is maintained against a set| of
bephchmarks and that any errors encountered ‘are either eliminated or reduced

3.4.10

rolitine test
teqt made on each individual device~during or after manufacture to check if it complies with {he
requirements of the standard coneérned or the criteria specified

4 | General aspects of.functional evaluation

4.1 Introductory remarks

AllMost functional tests given in the IEC 60034-18 series are comparative. The performancgqg of
a ¢andidateSystem is compared with that of a reference system when both are subjected| to
eqpivalent(test conditions with respect to test objects, methods of ageing and diagnostic tests.

It i Aof hecessarily required that the reference system is physically to be tested in parallel, if

thatest results of thg rafaranca svctam tucad havg haan daciimantad nraviauchy and ahtai ed
S o e s A —Hee+eieh yste—t S—ae— H— tHReeepre\HodsHy—ahaopt=tHe

from same test conditions. |3

The reference system normally is particular and real — but its quantified minimum performance
can also be defined by an agreed reference lifeline, provided by an IEC standard as in
IEC 60034-18-42.

At the end of every functional test, the functional evaluation shall be made. This means it is
necessary to compare the diagnostic data obtained from the candidate and the reference
system, usually to compare the mean times to failure. and its spread, using appropriate
statistical methods.

If the data from the candidate system is no worse than from the reference system, the candidate
system is considered to be qualified. This is true if the 90 % confidence interval of that


Impulse Voltage Insulation Class being defined in IEC 60034-18-41 and IEC 60034-18-42 is a classification on the electrical strength of the winding insulation system under converter operation. In the previous edition 2.0, this did not exist yet.

In IEC 60034-18-42, a life time curve has been given, which can be used as a reference, the candidate can be compared with.

https://iecnorm.com/api/?name=dc07f6b1e82da6501b43a6c3d51967cf
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percentile of the used probability distribution which represents the mean value falls above or
within that obtained from the reference system (see IEC 60493-1 and IEC 62539).

The large differences found in rotating electrical machine windings, in terms of size, voltage,
operating conditions and expected lifetime-behaviour during service necessitate the use of
different procedures for functional evaluation of thermal, electrical and multifactor ageing
(IEC 60034-18-21, IEC 60034-18-31, I[EC 60034-18-32, IEC TS 60034-18-33,
IEC 60034-18-34, IEC 60034-18-41, IEC 60034-18-42) to—evaluate qualify various types of
windings. These procedures can be of different complexity, the simplest being based on a single
ageing factor (e.g. thermal or electrical).

ThL procedures for functional evaluation will permit comparisons and allow qualification| of
capdidate insulation systems. However, they cannot completely determine the merits,"of gny
pafticular insulation system. Principally, it is not possible to give an operational lifetime forecgst
of the individual winding insulation based on any kind of functional tests. Such infoarmation gan
belobtained in general only from extended service experience.

The demonstration of IEC 60034-18 series results could contain proprietary-information that {he
mgnufacturer therefore does not want to share in the documentatiof,/But in order to prdqve
conpliance of the candidate system, key points shall be at least shown and explained to the
customer without the need to provide documents.

4.2 Effects of ageing factors

Alllageing factors, i.e. thermal, electrical, environmentalband mechanical, affect the life of|all
tyges of machines but the significance of each factor«aries with the type of machine and t{he
expected duty. In some cases, one of these ageing)factors is considered to be dominant.

In jother cases, several ageing factors may beacting significantly. These different conditigns
haje to be considered in choosing the apprépriate functional test according to this document.

—

Inqulation of small or medium lowgvpltage line-fed machines is degraded primarily |by
temperature and environment, with electrical and mechanical stresses being of less importante.

Mgdium to large machines, using form-wound windings, are also affected by temperature gnd
enyironment but, in addition,~the electrical and mechanical stresses can be important agejng
fagtors.

Vefy large machines, which generally utilize form-wound (with bars) windings and which dan
opgrate in a special environment such as hydrogen, are normally most affected by mechanigal
stresses or elggtrical stresses, or both. Temperature and environment can be less significant
agging facters.

The winding insulation system of small, medium, large and very large converter fed machirjes
mdy\.beé substantially electrically stressed (see IEC 60034-18-41 and IEC 60034-18-42).

4.3 Referencel/candidate insulation system

An insulation system qualifies to be used as a reference insulation system if its performance
has been established by satisfactory service experience. This means:

— it has shown successful operation over suitably long periods of time at operating conditions
characteristic of the rating (or class) and in typical applications of that insulation system;

— its service experience is based on a sufficient number of machines.

A reference insulation system shall be tested together with the candidate system using the

same test procedure and the same test equipment, preferably in the same laboratory.
Alternatively, if the test results of the reference system used have been documented previously
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and obtained from same test conditions, re-testing the reference system is not necessary (see
4.1).

If it is necessary to verify results in another laboratory, it can be found that the test-life values
differ if the conditions in the original test are not duplicated precisely. However, a comparison
of results between qualified laboratories should show at least nearly the same relative
performance between candidate and reference systems.

4.4 Evaluation of minor changes by components,-er manufacturing-changes or
design

Supstitution of components, changes in the manufacturing process and design adaptions zlare
ustpal practice during the lifecycle of qualified insulation systems.

Anly substitution of components (insulating materials) or any relevant change incmanufactur{ng
pracess-changes or design may turn a reference system into a candidate system with the nded
HHy

forla new functional evaluation;-unless-the-new-component-can-be-considered-to-be-chemieg
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It ip to be therefore decided on a first step, if the change mayalter the strength of the insulat|on
system against dominant ageing factors like electrical, thermal, mechanical or ambigent
stresses.

In respect of the dominant ageing factor, or combinations of ageing factors, it may be that t{he
chgnge—proposed intended is only minor. Such a minor change is the substitution of a
component or a change in the manufacturing process which is expected to have no practiqal,
significant effect on the performance of the insulation system and may be the justification| to
use, instead of a full functional evaluation, merely a reduced functional evaluation by single
po|nt test or other special endurance tests%seﬁEG@Q@éM—%S—%Hegethew%LE@@@Q%%—
S leo e0no o o e B00ny s 0 B0 ol [EC CO0E 0 2o

In pther cases, no system t&sting may be required but only material testing may be adequate,
e.qd. different suppliers preduce according to the same requirement specification of the clignt
on|similar chemical basis. For this topic, horizontal standards describe simple material tegts,
e.g. for round or flagwires, IEC 61858-1 or IEC 61858-2, respectively. |4

>

Often, no material nor major process change is intended, however it is desired to change the
thitkness ofthe'mainwall insulation: If the average and peak electric field stress (kV/mm) of the
EI$ with the different insulation thickness do not exceed that of the qualified EIS, by more tHan
5 %, apdNT the thickness and rated voltage are not exceeding the range of +110 % / -50 % of
thg qualified insulation system, then a new functional evaluation is not needed. For examplq, if
6,6 K\ system has been functionally evaluated completely and qualified accarding to this
standard, this qualification would also apply for the 13,8 kV and for 3,3 kV system with the same
materials and processes but adapted thicknesses. This does not apply to the stress control
system which may to be qualified independently. |5

The voltage range is applicable only up to rated voltages of 15 kV — above that, specific
knowledge and alignments between manufacturer and user may be required.

It is the machine manufacturer's responsibility to determine the need for verification and to
justify the use and the focus of a reduced functional evaluation-er and how special endurance
or screening tests should be undertaken. Full or reduced functional evaluation or special
endurance tests may be necessary.


Experience has shown that a qualified material exchange may render sufficient results, if the reference material and the candidate material do not differ substantially.

The field strength of winding insulations for different rated voltages do normally not differ much. This gives the opportunity to qualify the winding insulation for one particular rated voltage only and by that, qualify those with other rated voltages in the given limits with the qualification of the particular one. This does not apply for the stress control system, which is to be qualified in addition. See IEC 60034-18-32.

https://iecnorm.com/api/?name=dc07f6b1e82da6501b43a6c3d51967cf

IEC 60034-18-1:2022 CMV © IEC 2022 -13 -

In the documentation on insulation system, the manufacturer should include this verification of
a minor change when it is used in the system.

4.5 Functional tests

As defined in 3.4.2, functional tests are used to qualify the insulation systems. They are
performed by endurance test cycles, each cycle consisting of an ageing sub-cycle and a
diagnostic sub-cycle. In the ageing sub-cycle, test specimens are exposed to the specified
ageing factor, intensified appropriately to accelerate ageing. In the diagnostic sub-cycle, test
specimens are subjected to appropriate diagnostic tests to determine the end of test life or to
mgasure IU:UVallt plUpUItiUb Uf tilb ;Ilbuidtiull bybtﬂlll dt tildt tiIIIU. ill SUITIC LdAdsS’TS, tilb ay’t ng
fagtor itself can act as the diagnostic factor and produce the end-point.

Nat all diagnostic tests need to be applied in all cases. Special considerations imay render
ceftain diagnostic tests inapplicable.

The outcome of these tests is comparative and does not allow an estimate t0'be made, e.g.|by
extrapolation or calculation, of a definite lifetime in service because ) additional factors| of
influence can intervene.

In ppecific cases, a qualification for longer or shorter expected Jifefimes may be required than
thgt of the service proven reference system used — or for sfress parameters not identical| to
thqse of the reference system. In these cases, for the purpoge~ef comparative evaluation of the
capdidate sytem with the reference system, its life lines obtdined may be shifted accordingly.
Thjs particular comparative evaluation for unequal expected lifetimes or stress parameterq is
allpwed only for certain limited differences and both,{he differences as well as the results mpst
trapsparently be documented (e.g. see IEC 6003498431 for thermal qualification) It is possible
to pxclude a dominant aging factor endurance test*by a specific test, e.g. the electrical age|ng
bylan appropriate partial discharge test as defined in IEC 60034-18-41. In this case, this spec|fic
teqt may allow refraining from endurance test cycles for this particular ageing mechanism gnd
replacing it as a functional test. |6

4.§ Acceptance tests

Acteptance tests of the insulation system may be performed to verify that its insulation
m3terials and quantities used,as well as the manufacturing procedure employed are of the
expected production quality,level. In so far, the acceptance tests in themselves do not qualify
an| insulation system. _They are normally non-destructive tests performed with the mach|ne
winding to be sold.

th{

WhetherSahd which acceptance tests beyond those defined in IEC 60034-1 are undertaken|or
nof, i, usually defined in the manufacturers process standards. Further requirements are to|be
agteed between the manufacturer and purchaser.

In cases where there is no chance to make the specific acceptance tests with the winding to be
sold or with test objects produced together with those windings-elements to be sold according
to the contract, the acceptance test may be covered by a type test. Here, care has to be taken
to ensure and prove that the production quality of the winding to be sold is on the same level
as the type test winding tested before.



By this, a disadvantage of the comparative testing of reference and candidate system can be overcome: If these two systems are to have strongly different life time expectations, e.g. the winding insulation of motors for automotive compared to that of industrial applications, this can be taken into account and has already been implemented to IEC 60034-18-31 as well as to IEC 60034-18-32.
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5 Thermal functional tests

5.1 General aspects of thermal functional tests

The purpose of the thermal functional tests in this document is to provide data which may be
used to establish the thermal class of a new insulation system before it is service-proven.

These guidelines are used in conjunction with IEC 60034-18-21,1C-66034-18-22 IEC 61858-
1 and IEC 60034-18-31 and IEC 61858-2 for the specific type of winding being considered and
where the thermal ageing factor shall be considered dominant in comparison to the other ageing
fagtors.

The concepts implemented in this document are based on IEC 60085, IEC 60493-1, IEC 60505
anf IEC 62539.

The thermal ageing processes in the insulation system of rotating electricalmachines can |be

co nplex in nature - refer to IEC 60505 for further mformatlon SrﬂeeJeh&mqura%reﬂsystemsef
12 cdes

If the intended thermal class of the candidate system differs frém-the known thermal class| of
the reference system, different ageing temperatures, sub-cycle lengths and (when technically
judtified) different diagnostic values shall be used in an appropriate manner.

Diagnostic tests (such as mechanical, moisture and voltage tests) shall be applied after egch
thgrmal ageing sub-cycle to check the condition of-the insulation system.

It ghould be recognized that greater mechanical stress and higher concentration of the produfts
of [decomposition can occur during ageinggtests above the service temperature. Also, it is
reg¢ognized that failures from abnormally*high mechanical or voltage stresses are generally| of
a different character to those failures which are produced in long service.

5.2 Analysis, reporting and ctassification

Spkcific requirements on the(@nalysis, reporting and classification for thermal functional tepts
of fotating machine windifg,insulations are defined in IEC 60034-18-21 and IEC 60034-18-31.

The end of insulationtest life is assumed to have occurred at the mid-point-time of the age|ng
sub-cycle between the last two consecutive diagnostic sub-cycles.

The total number of hours of thermal ageing to the end of test shall be recorded for egch
specimen. and for each temperature.

A thérmal endurance graph is drawn using the results of ageing, according to the guidelines
Manin IEC 6N04Q°2 1 IEC 6252Q 1EC aanA 19 21 Aand 1EC r::anA 48 ’24 an- haoth

\ h
giver—in—EG604931—1EGC62539—1EC 1924 ond EC 2003 for—both—he

candidate system and reference systems. Having chosen a distribution to represent the test
results of ageing, it is necessary to check that the distribution is adequate for this purpose.

If, in special cases of application, the requirements for the expected life time of the candidate
insulation system essentially differ from that of the reference insulation system within the same
thermal class, then the classification can be made, taking account of this fact (see
IEC 60034-18-21 and IEC 60034-18-31). This shall be stated in the report together with an
appropriate justification.

If the thermal endurance graphs of the reference and candidate systems have clearly dissimilar
slopes, it is evident that their ageing processes are significantly different and it is thus doubtful
whether a valid classification can be made from the comparison.
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When reporting, it is useful to record all relevant details of the test, including those in the
following list:

references to IEC test standards;

detailed description of the insulation systems tested (the reference and candidate systems,

may partly be internal informations);

ageing temperatures and ageing sub-cycle lengths for each insulation system;
diagnostic tests used with applied test or stress levels for each insulation system;
construction of the test specimens and test objects;

6

6.1

Ing

op
co

thgse conditions are given in. gdetail in [|EC 60034-18-32, IEC 60034-18-41 3

IE

Th
fre

eldctrical ageing or as failure in a diagnostic test.

Ifi

thg electrical functional test practicable (e.g. the stress-grading control system), then for thq

co

By
be

number of specimens at each temperature for each insulation system;

method of applying the ageing temperatures and the way in which the temperatures’ h3
been measured (including oven type, etc.);

air change rate of the oven-airreptacement;

individual times to failure and failure modes;

mean log times to failure and the log standard deviation, or the lower Confidence limits
each ageing temperature and for each insulation system;

thermal endurance graph with log mean points and regression _line;
temperature index and thermal class of the reference system;
temperature index and thermal class of the candidate system as determined by the test.

Electrical functional tests

General aspects of electrical functional tests

brating at different electric potentialsiand where the electrical ageing factor is to
nsidered dominant in comparison to_the other ageing factors. Qualification procedures

C 60034-18-42.

e ageing process can be accelerated by raising the electrical stress and/or increasing f{
quency of the test voltage.End of life is manifested either as breakdown during exposureg

[ is necessary to.adapt the design of single components of the insulation systems to m4g

mponents special endurance or acceptance tests are recommended.

conducting tests at different voltages, a relationship of test life versus electrical stress @

with\the assumption that the test acceleration is proportional to frequency. However, t

plotted. Note that increased frequency has often been used to accelerate electrical agei

ve

for

ulation systems are subjected to electrical ageing by applying a voltage between parts

be
for
nd

he

ke
se

an
ng,

his

assumption does not always hold. A discussion on this issue Is given in [EC 60034-18-42.

Test life normally exhibits a widespread variation for any particular voltage stress level.
Therefore, it is essential that a statistically significant number of specimen and failure times be

ob

tained at each electrical ageing stress.

In certain cases, special endurance or acceptance tests, e.g. non-destructive dissipation factor
test at all type of high voltage coils/bars/windings according to IEC 60034-27-3 or PD
measurements at converter driven units can be used for electrical qualification, see 4.5 and
IEC 60034-18-41.
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Specimens should be at room temperature or at the-thermal-class specified test temperature.
Care should be taken that dielectric losses at high stress or at increased frequency do not raise

ins

ulation temperature enough to affect the results.

6.2 Analysis and reporting

Specific requirements on the analysis and reporting of electrical functional tests of rotating
machine winding insulations are defined in IEC 60034-18-32 and IEC 60034-18-42.

An electrical endurance graph is drawn using the results of ageing, according to the guidelines

giy
an
is
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fol

7

It i
alg
vib
du
IE
the

en in IEC 62539 and IEC 60034-18-32 and IEC 60034-18-42 for both the candidate syst
0 reference systems. Having chosen a distribution to represent the test results of ageing
hecessary to check that the distribution is adequate for this purpose. According to pres
berience it would normally be the Weibull distribution.

en reporting, it is useful to record all relevant details of the test, including those in {
owing list:

maximum intended rated voltage of the system;

test temperature;

detailed description of the insulation systems tested (the(reference and the candid
systems, may partly be internal informations);

ageing voltages, frequencies and ageing sub-cycle lengths if appropriate;
diagnostic tests including the values of the diagnostic-factors used;
construction of the test object;

number of test specimens at each voltage (fixed voltage test);

individual times to failure and failure modes;

method of statistical treatment used forthe test data (preferably the Weibull-distribution
determine the mean time to failure (63 % value in the case of Weibull) and the confiden
limits, see IEC 62539;

electrical endurance graph withymean or median points for each electrical ageing stress 3
regression line.

Mechanical functional tests

ne or in combinhation with other ageing factors. Mechanical ageing can be a consequence
rational strésses, stresses caused by electrodynamic forces or thermomechanical stress
b to very<{large number of considerable load changes during normal operation, s
D 60034:48-34. Depending on type of stator winding different mechanical tests |
rma-mechanical cycling test or dynamic-mechanical bending cycle test are used

ins1u|ation system qualification.

Em
, it
pnt

s recognized that_mechanical stress in some applications acts as an ageing factor, either

of
es
ee
ke
for

Sufficient technical information is not available at the present time to permit standard
mechanical ageing test procedures with dominant mechanical ageing factors to be presented.

NOTE An approach of an empirical life model and test procedures are discussed in IEC 60505.

8

Environmental functional tests

It is recognized that environmental factors in some applications act as ageing factors.

Environmental ageing factors include chemically/physically active or electrically conductive
substances in industrial atmospheres,-exeeptionally high moisture content of the ambient air,
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fungus or microbe-contaminated environments, or mechanically abrasive materials (e.g. sand)
in the cooling air.

Such chemical/physical environmental ageing factors can e.g. also be the effect of refrigerants
in hermetic motors or the ionizing radiation in nuclear power plants. For insulation materials
and systems of these special applications, extensive endurance test procedures beyond the
IEC 60034-18 series exist.

Sufficient technical information is not available at the present time to permit standard
environmental ageing test procedures with dominant environmental ageing factors to be

preésented.

It i
thq
IE

Multifactor functional tests

s recognized that more than one factor of influence, e.g. thermal and electrical, can aff
performance of insulation systems, particularly when these factors act simultaneously, s
C TS 60034-18-33.

ch multifactor ageing can occur in mechanically or thermo-mechanically high-stressed |
d high voltage machines.

general, for multifactor functional tests, the following principles which are derived fr
C 60505 shall be considered:

Simultaneously acting factors of influence in service should preferably be simulated
simultaneous ageing tests, while sequentially<@cting factors of influence should prefera
be simulated with sequential ageing cycles; to ensure that possible direct or indir
interactions between the different ageing factors during the funtional test act as in servid

When one of the ageing factors is knewn to be more important than the others, then {
multifactor tests may be performed by accelerating the effects of that factor only and keep
other factors at service levels.

In other cases, all the important ageing factors should be accelerated. It is recommend
that the acceleration factor, (relative rate of ageing) be similar for each ageing factor g
that the levels of the ageing-factors be established on the basis of single-factor ageing te
until experience is obtained.

It is recommendedithat the reference operating conditions be established. This is the
of the service conditions for which the machine and its insulation system have bg
designed.

The levels.of\the factors of influence in the set of reference operating conditions serve
the basisifor estimating the acceleration factors during the ageing sub-cycle and for sett
the levels of the diagnostic tests.

Cafe)jhas to be taken, that the acceleration factor of chosen aging process does not chan

in
bly
bct
e.

he

ed
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en
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ng

ge

thé-dominant physical/chemical aging mechanisms of the insulation system

For tests with multifactor acceleration, comparison between the candidate and reference

system should be performed only within the range of test levels.
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List of comments

1 Here itis reflected that functional tests are not necessarily anymore of comparative nature,
as it used to be in the past. With the development of absolute qualification tests like for
example pd-inception voltage test also this diagnostic property can be used. The
background is the understanding, that without pd, no major electrical ageing takes place in
machine winding insulation systems.

2 Impulse Voltage Insulation Class being defined in IEC 60034-18-41 and IEC 60034-18-42
is a classification on the electrical strength of the winding insulation system under converter

npnrafinn_ In-the prn\/inllc edition ?_ﬂ, this-did not exist ynf_

3 | In IEC 60034-18-42, a life time curve has been given, which can be used as a reference,
the candidate can be compared with.

4 | Experience has shown that a qualified material exchange may render sufficient results|, if
the reference material and the candidate material do not differ substantially,

5 | The field strength of winding insulations for different rated voltages,doynormally not differ
much. This gives the opportunity to qualify the winding insulation for-one particular rafed
voltage only and by that, qualify those with other rated voltagesdn'the given limits with the
qualification of the particular one. This does not apply for the-stress control system, which
is to be qualified in addition. See IEC 60034-18-32.

6 | By this, a disadvantage of the comparative testing of réference and candidate system dan
be overcome: If these two systems are to have strongly different life time expectations, €.g.
the winding insulation of motors for automotive compared to that of industrial applicatiops,
this can be taken into account and has alreadybeen implemented to IEC 60034-18-31|as
well as to IEC 60034-18-32.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ROTATING ELECTRICAL MACHINES -

Part 18-1: Functional evaluation of insulation systems —
General guidelines

FOREWORD

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote”internatig
co-operation on all questions concerning standardization in the electrical and electronic fields._To this end
in addition to other activities, IEC publishes International Standards, Technical Specifications, Fechnical Repo|
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). T
preparation is entrusted to technical committees; any IEC National Committee interested’in the subject dealt V
may participate in this preparatory work. International, governmental and non-governmental organizations liaig
with the IEC also participate in this preparation. IEC collaborates closely with the \[nternational Organization

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

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

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicati
transparently to the maximum extent possible in their natienal and regional publications. Any divergence betw
any IEC Publication and the corresponding national or\regional publication shall be clearly indicated in the laf

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

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

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

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

Attention is drawn\tolthe possibility that some of the elements of this IEC Publication may be the subject of paf
rights. IEC shallnot be held responsible for identifying any or all such patent rights.

C 60034-18-1 has been prepared by IEC technical committee 2: Rotating machinery. It is
ernational Standard.

Standardization (ISO) in accordance with conditions determined by agreementrbetween the two organizations.

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compriging
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shird edition cancels and replaces the second edition published in 2010. This edit

on

constitutes a technical revision.

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

a) provides general guidelines for functional evaluation of different types of windings as before

but incorporates those changes, which have been introduced for the electrical qualificati
and evaluation of windings which are electrically stressed by converter-supply;

on

b) is now focused on general guidelines with all technical details of procedures and

qualification principles moved to the subsequent parts;


https://iecnorm.com/api/?name=dc07f6b1e82da6501b43a6c3d51967cf

-4 - IEC 60034-18-1:2022 © |IEC 2022

c) details additional general aspects of functional evaluation and qualification, particularly the
procedure for comparison between reference and candidate insulation systems, the
introduction of the concept of qualification for different expected life-times in service and
the evaluation of minor component or manufacturing changes.

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

Draft Report on voting
2/2113/FDIS 2/2118/RVD

Full information on the voting for its approval can be found in the report on voting indicated in

thg above table.

The language used for the development of this International Standard is English:

Thjs document was drafted in accordance with ISO/IEC Directives, Part,2,and developed| in

acgordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available

at |www.iec.ch/members_experts/refdocs. The main document typesiideveloped by IEC are

de

Al
ma

Th
stg
sp

scribed in greater detail at www.iec.ch/standardsdev/publications:

ist of all parts in the IEC 60034 series, published under the general title Rotating electri
chines, can be found on the IEC website.

pcific document. At this date, the document will\be

reconfirmed,
withdrawn,
replaced by a revised edition, or

amended.

cal

e committee has decided that the contents of this document will remain unchanged until {he
bility date indicated on the IEC website underdvebstore.iec.ch in the data related to {he
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INTRODUCTION

IEC 60034-18 comprises several parts, dealing with different types of functional evaluation and
special kinds of test procedures for insulation systems of rotating electrical machines.
IEC 60034-18-1 provides general guidelines for such procedures and qualification principles,
whereas the subsequent parts IEC 60034-18-21, IEC 60034-18-31, I|EC 60034-18-32,
IEC TS 60034-18-33, IEC 60034-18-34, IEC 60034-18-41 and IEC 60034-18-42 give detailed
procedures for the various types of windings. Beyond that, part IEC 60034-18-41 and
IEC 60034-18-42 contain special test procedures for electrical evaluation of windings
electrically stressed by converter-supply.

The following standards provide the basis and background for the development of the afore
mgntioned standards.

IEC 60505 establishes the basis for estimating the ageing of electrical insulation'systems under
copditions of either electrical, thermal, mechanical, environmental stresses @r combinations| of
thgse (multifactor stresses). It specifies the general principles and procedures that should |be
followed defining functional test and evaluation procedures.

The IEC 60216 series deals with the determination of thermal endurance properties of single
ingulating materials. On the assumption, that the Arrhenius formulas describe the rate|of
thgrmal ageing of the materials, test procedures and amalyzing instructions for getting
characteristic parameters like the “Temperature index” (Tl),%he “Halving interval” (HIC) and fhe
“Relative thermal endurance index” (RTE) are given. £or all these parameters selecfed
prgperties and accepted end-point-criteria are specified. Consequently, a material may |be
asgigned with more than one temperature index, derived from the measurement of differ¢nt
prgperties and the use of different end-point criteria.

=

IEC 60034-18-1 defines general requirements on the qualification of insulation systems, where
— for thermal ageing — the Arrhenius eguations do not necessarily fit, according to mgny
experiences.

IEC 60085 deals with thermal evaluation of electrical insulation materials and in particular
indulation systems used in electrical equipment. In particular, thermal classes of insulation
systems are defined and designations are given, such as 130 (B), 155 (F) and 180 (H) for yse
in fotating machines belonging to IEC 60034-1. In the past, materials for insulation systems
were often selected solely'on the basis of thermal endurance of individual materials performed
acgording to the IEC.60216 series. However, IEC 60085 recognizes that such selection may
belused only for sgreening materials prior to further functional evaluation of a new insulation
sy$tem which is not'service-proven. Evaluation is performed on the basis of a comparison wlith
a gervice-proven reference insulation system. Service experience is the preferred basis for
asgessing the“thermal endurance of an insulation system.

IEC 62539 defines statistical methods to analyse times to breakdown and breakdown voltage
daja’«@btained from electrical testing of solid insulation materials, for the purposes |of
Ch JIabtUliLdtiUll Uf tilc DyDtUIII dlluI bUIIIdeibUII VVitil Ut:lcl illbu:dtiull DyDtUIIID. T:IU IIIUt:IUU‘D Of
analysis are described for the Weibull-distribution, but other distributions are also presented.
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ROTATING ELECTRICAL MACHINES -

Part 18-1: Functional evaluation of insulation systems —
General guidelines

Scope

Th

indulation systems, used or proposed to be used in rotating electrical machines within the'sco
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s part of IEC 60034 deals with the general guidelines for functional evaluation of electri

EC 60034-1, in order to qualify them.

Normative references

e following documents are referred to in the text in such a way that sonve or all of their conts
nstitutes requirements of this document. For dated references, oply_the edition cited appli
r undated references, the latest edition of the referencedydocument (including 3
endments) applies.

C 60034-1, Rotating electrical machines — Part 1: Rating anhd performance

C 60034-18-21, Rotating electrical machines — Paft\1'8-21: Functional evaluation of insulat
btems — Test procedures for wire-wound windin'gs — Thermal evaluation and classification

C 60034-18-31, Rotating electrical machines— Part 18-31: Functional evaluation of insulat
btems — Test procedures for form-wound windings — Thermal evaluation and classification
ulation systems used in rotating machines

C 60034-18-32, Rotating electrical’machines — Part 18-32: Functional evaluation of insulat
btems (Type 1) — Electrical endurance qualification procedures for form-wound windings

C TS 60034-18-33, Rofating electrical machines — Part 18-33: Functional evaluation
ulation systems — Jest procedures for form-wound windings — Multifactor evaluation
Hurance under simuftaneous thermal and electrical stresses

C 60034-18-34,.Rotating electrical machines — Part 18-34: Functional evaluation of insulat
stems — Jest procedures for form-wound windings — Evaluation of thermomechani
Hurance(of insulation systems

0 60034-18-41:2014, Rotating electrical machines — Part 18-41: Partial discharge fr
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clrical insulation defnme ‘/Ty’nn L) used in rnfnfing electrical machines fed from volt

converters — Qualification and quality control tests
IEC 60034-18-41:2014/AMD1:2019

ge

IEC 60034-18-42, Rotating electrical machines — Part 18-42: Partial discharge resistant
electrical insulation systems (Type 1) used in rotating electrical machines fed from voltage
converters — Qualification tests

IEC 60034-27-3, Rotating electrical machines — Part 27-3: Dielectric dissipation factor
measurement on stator winding insulation of rotating electrical machines

IEC 60085, Electrical insulation — Thermal evaluation and designation
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IEC 60493-1, Guide for the statistical analysis of ageing test data — Part 1: Methods based on
mean values of normally distributed test results

IEC 60505:2011, Evaluation and qualification of electrical insulation systems

IEC 61858-1:2014, Electrical insulation systems — Thermal evaluation of modifications to an
established electrical insulation system (EIS) — Part 1: Wire-wound winding EIS

IEC 61858-2:2014, Electrical insulation systems — Thermal evaluation of modifications to an
established electrical insulation system ‘/FIQ/] = Part 2: Form-wound EILS

IEC 62539, Guide for the statistical analysis of electrical insulation breakdown data

3 | Terms and definitions
Fof the purposes of this document, the following terms and definitions apply.

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

o [IEC Electropedia: available at http://www.electropedia.org/

e [ISO Online browsing platform: available at http://wwwise org/obp
3.1 General terms

3.11

clgss temperature

temperature for which the insulation system is suitable, as defined by the thermal class
IEC 60085 and as used in IEC 60505

n

3.1.2

elgctrical insulation system
El
inqulating structure containing;one or more electrical insulating materials (EIM) together wjith
associated conducting partsremployed in an electrotechnical device

[SOURCE: IEC 60505:2011, 3.1.1]

3.1.3
capdidate insulation system
indulation_§ystem being tested to determine its capability with respect to ageing factors

[SPURCE: IEC 60050-411:1996, 411-39-26]

3.14
reference insulation system
insulation system whose performance has been established by satisfactory service experience

[SOURCE: IEC 60050-411:1996, 411-39-27]

3.1.5

coil

one or more turns of insulated conductors connected in series and surrounded by common
insulation, arranged to link or produce magnetic flux

[SOURCE: IEC 60050-411:1996, 411-38-03]


http://www.electropedia.org/
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3.1.6

bar

either of two parts which, after placed in their slots and when connected together, will form the
complete form-wound coil (see 3.1.8) and which comprise a coil side and an appropriate end
winding

Note 1 to entry: Large AC machines commonly use bars, and usually, though not always, they form single-turn coils
in a two-layer winding.

[SOURCE: IEC 60050-411:1996, 411-38-05]

3.1.7

wire-wound winding
winding which is wound with one or several insulated conductors and in which the individpal
cophductors occupy random positions in the coil side

Nofle 1 to entry: It is usually random-wound with round conductors.

[SPURCE: IEC 60050-411:1996, 411-38-13]

3.1.8

form-wound winding
winding consisting of coils or bars which are preformed to shape, insulated and substantig
conpleted before they are inserted into their final places

y

Nofe 1 to entry: Coils or bars are usually wound with rectangular’conductors.

[SOURCE: IEC 60050-411:1996, 411-38-11]

3.2 Terms relating to the objects being tested

3.21
test object
un|t being tested

Nofe 1 to entry: It may be an actual\thachine or part thereof or a special test model (see 3.2.3 and 3.2.4) which ¢an
be pubjected to functional tests.

Nofle 2 to entry: A test object may contain more than one test specimen (see 3.2.2).

3.2.2

test specimen
individual component within a test object which can be used to generate one piece of test data
(e.g. time to4dailure)

corlductor-to earth insulation), any one of which can provide that piece of data.

Nor]e1 to entry: A test specimen may contain more than one insulation component (e.g. turn insulation and

3.2.3
formette
special test model used for the evaluation of the insulation systems for form-wound windings

[SOURCE: IEC 60050-411:1996, 411-53-64]

3.24

motorette

special test model used for the evaluation of the insulation systems for wire-wound (random-
wound) windings

[SOURCE: IEC 60050-411:1996, 411-53-65]
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3.3 Terms relating to factors of influence and ageing factors

3.31

factor of influence

stress imposed by conditions of operation, environment or test that may affect ageing or life
an insulation system

3.3.2
ageing factor
factor of influence that causes ageing

of

Nofe 1 to entry: In the winding of an electrical machine, different factors of influence or ageing factorsycan
dorpinant in different parts (e.g. turn insulation and end-winding insulation). Therefore, different criteria may.be u
to dssess those parts of the insulation. It can also be appropriate to apply different procedures of functional evalua
to these parts.

3. Terms relating to testing and evaluation

3.4.1
diggnostic factor
vafiable or fixed stress which is applied to an EIS to establish the degrée of ageing

[SPURCE: IEC 60505:2011, 3.3.7]

3.4.2

functional test

conparative test in which the candidate and the referénce insulation systems are exposed
agging and diagnostic factors in order to qualify the 'candidate system, or, a functional test m
algo be related to a diagnostic property

3.4.3

endurance test

tedt in which the insulation system of aitest object is exposed to one or more ageing fact
relpated to service conditions and_where changes in specific properties are evaluated
diggnostic tests

3.4.4

diggnostic test

teqt in which the insulation system of a test object is exposed to one or more diagnostic fact
in prder to discern jtsscondition through measurements or proof tests and to determine wh
thg end-point criterion has been reached

3.4.5

enfd-point'criterion

selected value of a characteristic of a test object indicating the end of its test life or arbitra
chpsenfor the purpose of the comparison of insulation systems

be
bed
ion

ay

prs
by
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3.4.6
end-point
end of a test as defined by the end-point criterion

3.4.7
classification

set of actions leading to the determination of the class of an insulation system, e.g. Thermal

Class or Impulse Voltage Insulation Class

3.4.8
type test

test conducted on first prototype of product to confirm the design specifications, it is usually not

repeated on other products of same type
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3.4.9

quality control test

conducted in order to ensure that the quality of a product is maintained against a set of
benchmarks and that any errors encountered are either eliminated or reduced

3.4.10

routine test

test made on each individual device during or after manufacture to check if it complies with the
requirements of the standard concerned or the criteria specified

4 | General aspects of functional evaluation

4.1 Introductory remarks

Mgst functional tests given in the IEC 60034-18 series are comparative. The performance of a
cahdidate system is compared with that of a reference system when both are subjected|to
eqpivalent test conditions with respect to test objects, methods of ageing @nd diagnostic tesits.

It is not necessarily required that the reference system is physically'to"be tested in parallel, if
thg test results of the reference system used have been documented previously and obtained
from same test conditions.

The reference system normally is particular and real — but its"quantified minimum performarice
cah also be defined by an agreed reference lifeline,cprovided by an IEC standard as|in
IEC 60034-18-42.

At|the end of every functional test, the functional evaluation shall be made. This means if is
negessary to compare the diagnostic data @btained from the candidate and the reference
system, usually to compare the mean timeés to failure. and its spread, using appropriate
stgtistical methods.

If the data from the candidate system\is no worse than from the reference system, the candidate
system is considered to be qualified. This is true if the 90 % confidence interval of that
pefcentile of the used probability distribution which represents the mean value falls above|or
within that obtained from the.reference system (see IEC 60493-1 and IEC 62539).

The large differences found in rotating electrical machine windings, in terms of size, voltage,
opgrating conditionshand expected lifetime-behaviour during service necessitate the use|of
different procedures” for functional evaluation of thermal, electrical and multifactor ageing
(IHC 60034-18-24; IEC 60034-18-31, IEC 60034-18-32, IEC TS 60034-18-83,
IEC 60034-18-34, IEC 60034-18-41, IEC 60034-18-42) to qualify various types of windings.
These procedures can be of different complexity, the simplest being based on a single ageing
faqtor (e*g-thermal or electrical).

......

candidate insulation systems. However, they cannot completely determine the merits of any
particular insulation system. Principally, it is not possible to give an operational lifetime forecast
of the individual winding insulation based on any kind of functional tests. Such information can
be obtained in general only from extended service experience.

Th nraocedurasfor functional agvaluatian will ngrmit camnaricane and allaw aualificatinn Of
Fo-68atH-es— o —dHeHoa Ve R—WH—P RpPaHSoRS—aRa—aHoW—guaHHeaHeh

The demonstration of IEC 60034-18 series results could contain proprietary information that the
manufacturer therefore does not want to share in the documentation. But in order to prove
compliance of the candidate system, key points shall be at least shown and explained to the
customer without the need to provide documents.
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4.2 Effects of ageing factors

All ageing factors, i.e. thermal, electrical, environmental and mechanical, affect the life of all
types of machines but the significance of each factor varies with the type of machine and the
expected duty. In some cases, one of these ageing factors is considered to be dominant.

In other cases, several ageing factors may be acting significantly. These different conditions
have to be considered in choosing the appropriate functional test according to this document.

Insulation of small or medium low-voltage line-fed machines is degraded primarily by
temperature and environment, with electrical and mechanical stresses being of less importan¢e.

Mgdium to large machines, using form-wound windings, are also affected by temperature gnd
enyironment but, in addition, the electrical and mechanical stresses can be impoftant ageing
faqtors.

Very large machines, which generally utilize form-wound (with bars) windings and which gan
opgrate in a special environment such as hydrogen, are normally most affected by mechanital
stresses or electrical stresses, or both. Temperature and environmentcan be less significant
agging factors.

The winding insulation system of small, medium, large and very large converter fed machines
mdy be substantially electrically stressed (see IEC 60034-18-41 and IEC 60034-18-42).

4.3 Reference/candidate insulation system

An| insulation system qualifies to be used as a réference insulation system if its performar]ce
hag been established by satisfactory service experience. This means:

— | it has shown successful operation over suitably long periods of time at operating conditigns
characteristic of the rating (or class) and in typical applications of that insulation system

— | its service experience is based onta sufficient number of machines.

A feference insulation system shall be tested together with the candidate system using the
safne test procedure and thé-same test equipment, preferably in the same laboratory.
Alternatively, if the test results-of the reference system used have been documented previougly
anfl obtained from same test conditions, re-testing the reference system is not necessary (gee
4.1).

If if is necessary to)verify results in another laboratory, it can be found that the test-life valdes
differ if the conditions in the original test are not duplicated precisely. However, a comparigon
of [results between qualified laboratories should show at least nearly the same relat|ve
pefformance’between candidate and reference systems.

4.4 Evaluation of minor changes by components, manufacturing or design

Substitution of components, changes in the manufacturing process and design adaptions are
usual practice during the lifecycle of qualified insulation systems.

Any substitution of components (insulating materials) or any relevant change in manufacturing
process or design may turn a reference system into a candidate system with the need for a new
functional evaluation — unless if the new component and the intended changes in manufacturing
process or design are expected to have no practical influence on the functional electrical
insulation system properties, e.g. by chemical and physical generic identity of the materials
used.

It is to be therefore decided on a first step, if the change may alter the strength of the insulation
system against dominant ageing factors like electrical, thermal, mechanical or ambient
stresses.
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In respect of the dominant ageing factor, or combinations of ageing factors, it may be that the
change intended is only minor. Such a minor change is the substitution of a component or a
change in the manufacturing process which is expected to have no practical, significant effect
on the performance of the insulation system and may be the justification to use, instead of a
full functional evaluation, merely a reduced functional evaluation by single point test or other
special endurance tests.

In other cases, no system testing may be required but only material testing may be adequate,
e.g. different suppliers produce according to the same requirement specification of the client
on similar chemical basis. For this topic, horizontal standards describe simple material tests,
e.d-forround or flatwires, TEC 61858-1T0r IEC 6 18538-2, Tespectively.

Offen, no material nor major process change is intended, however it is desired to ghange fhe
thickness of the mainwall insulation: If the average and peak electric field stress (kV/mm) of {he
El$ with the different insulation thickness do not exceed that of the qualified EIS;.by more than
5 %, and if the thickness and rated voltage are not exceeding the range of +110°% / -50 %] of
thg qualified insulation system, then a new functional evaluation is not needed.'For examplg, if
6.4 kV system has been functionally evaluated completely and qualified according to this
stgndard, this qualification would also apply for the 13,8 kV and for 3,3 kV. system with the sape
mdterials and processes but adapted thicknesses. This does not apply to the stress confrol
system which may to be qualified independently.

The voltage range is applicable only up to rated voltages,'of 15 kV — above that, specific
knpwledge and alignments between manufacturer and usermay be required.

It is the machine manufacturer's responsibility to determine the need for verification and|to
judtify the use and the focus of a reduced functiogalhevaluation and how special endurance|or
scteening tests should be undertaken. Full <or ‘reduced functional evaluation or spegial
enflurance tests may be necessary.

In the documentation on insulation systemy'the manufacturer should include this verification| of
a rpinor change when it is used in the system.

4.5 Functional tests

As| defined in 3.4.2, functional tests are used to qualify the insulation systems. They are
pefformed by endurance‘\tést cycles, each cycle consisting of an ageing sub-cycle and a
diggnostic sub-cycle. tn the ageing sub-cycle, test specimens are exposed to the specified
agging factor, intensified appropriately to accelerate ageing. In the diagnostic sub-cycle, test
specimens are subjected to appropriate diagnostic tests to determine the end of test life onto
mgasure relevant.properties of the insulation system at that time. In some cases, the age|ng
faqtor itself canvact as the diagnostic factor and produce the end-point.

Not all-diagnostic tests need to be applied in all cases. Special considerations may render
ceftain diagnostic tests inapplicable.

The outcome of these tests is comparative and does not allow an estimate to be made, e.g. by
extrapolation or calculation, of a definite lifetime in service because additional factors of
influence can intervene.
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In specific cases, a qualification for longer or shorter expected lifetimes may be required than
that of the service proven reference system used — or for stress parameters not identical to
those of the reference system. In these cases, for the purpose of comparative evaluation of the
candidate sytem with the reference system, its life lines obtained may be shifted accordingly.
This particular comparative evaluation for unequal expected lifetimes or stress parameters is
allowed only for certain limited differences and both, the differences as well as the results must
transparently be documented (e.g. see IEC 60034-18-31 for thermal qualification) It is possible
to exclude a dominant aging factor endurance test by a specific test, e.g. the electrical ageing
by an appropriate partial discharge test as defined in IEC 60034-18-41. In this case, this specific
test may allow refraining from endurance test cycles for this particular ageing mechanism and

reroTt

4.6 Acceptance tests

Acteptance tests of the insulation system may be performed to verify that dtsi/insulation
mdterials and quantities used as well as the manufacturing procedure empleyed are of the
expected production quality level. In so far, the acceptance tests in themselves do not qualify
an|insulation system. They are normally non-destructive tests performed-with the machine
winding to be sold.

Whether and which acceptance tests beyond those defined in IEC\60034-1 are undertaken|or
not, is usually defined in the manufacturers process standards. Further requirements are to|be
agfeed between the manufacturer and purchaser.

In cases where there is no chance to make the specific aeceptance tests with the winding to|be
sold or with test objects produced together with thoSe windings to be sold according to the
conptract, the acceptance test may be covered by.a type test. Here, care has to be taken|to
engure and prove that the production quality of the winding to be sold is on the same level|as
thg type test winding tested before.

5 | Thermal functional tests

5.1 General aspects of thermalfunctional tests

The purpose of the thermal funetional tests in this document is to provide data which may |be
used to establish the thermakclass of a new insulation system before it is service-proven.

These guidelines are. used in conjunction with [EC 60034-18-21, IEC 61858-1 nd
IEC 60034-18-31 and)I[EC 61858-2 for the specific type of winding being considered and whegre
thg thermal ageing factor shall be considered dominant in comparison to the other ageing
faqtors.

The concepts implemented in this document are based on IEC 60085, IEC 60493-1, IEC 60505
angd IEC 62539.

The thermal ageing processes in the insulation system of rotating electrical machines can be
complex in nature — refer to IEC 60505 for further information. If the intended thermal class of
the candidate system differs from the known thermal class of the reference system, different
ageing temperatures, sub-cycle lengths and (when technically justified) different diagnostic
values shall be used in an appropriate manner.

Diagnostic tests (such as mechanical, moisture and voltage tests) shall be applied after each
thermal ageing sub-cycle to check the condition of the insulation system.

It should be recognized that greater mechanical stress and higher concentration of the products
of decomposition can occur during ageing tests above the service temperature. Also, it is
recognized that failures from abnormally high mechanical or voltage stresses are generally of
a different character to those failures which are produced in long service.


https://iecnorm.com/api/?name=dc07f6b1e82da6501b43a6c3d51967cf

- 14 - IEC 60034-18-1:2022 © |EC 2022

5.2 Analysis, reporting and classification

Specific requirements on the analysis, reporting and classification for thermal functional tests
of rotating machine winding insulations are defined in IEC 60034-18-21 and IEC 60034-18-31.

The end of insulation test life is assumed to have occurred at the mid-point-time of the ageing
sub-cycle between the last two consecutive diagnostic sub-cycles.

The total number of hours of thermal ageing to the end of test shall be recorded for each
specimen and for each temperature.
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hermal endurance graph is drawn using the results of ageing, according to the guidelin
en in IEC 60493-1, |IEC 62539, IEC 60034-18-21 and IEC 60034-18-31 for (both f{
ndidate system and reference systems. Having chosen a distribution to represent the t
ults of ageing, it is necessary to check that the distribution is adequate for this, purpose.

ulation system essentially differ from that of the reference insulation system within the sa
rmal class, then the classification can be made, taking account of this fact (s
C 60034-18-21 and IEC 60034-18-31). This shall be stated in the’report together with
bropriate justification.

pes, it is evident that their ageing processes are significantly different and it is thus doubf

whiether a valid classification can be made from the comparison.

When reporting, it is useful to record all relevant details of the test, including those in {

fol

owing list:

references to IEC test standards;

detailed description of the insulation:systems tested (the reference and candidate systen
may partly be internal informations);

ageing temperatures and ageing sub-cycle lengths for each insulation system;
diagnostic tests used with-applied test or stress levels for each insulation system;
construction of the tesf specimens and test objects;

number of specimens at each temperature for each insulation system;

method of applying the ageing temperatures and the way in which the temperatures hg
been measured)including oven type, etc.);

air change rate of the oven;
individual times to failure and failure modes;

me@an log times to failure and the log standard deviation, or the lower confidence limits

es
he
pst

n special cases of application, the requirements for the expected life time of the candidate

me
ee
an

he thermal endurance graphs of the reference and candidate systems have clearly dissimilar

ful

ve

for

edch ageing temperature and for each insulation system,;

thermal endurance graph with log mean points and regression line;
temperature index and thermal class of the reference system;
temperature index and thermal class of the candidate system as determined by the test.
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6 Electrical functional tests

6.1 General aspects of electrical functional tests

Insulation systems are subjected to electrical ageing by applying a voltage between parts
operating at different electric potentials and where the electrical ageing factor is to be
considered dominant in comparison to the other ageing factors. Qualification procedures for
these conditions are given in detail in IEC 60034-18-32, IEC 60034-18-41 and
IEC 60034-18-42.

The ageing process can be accelerated by raising the electrical stress and/or increasing {he
frequency of the test voltage. End of life is manifested either as breakdown during exposure to
elgctrical ageing or as failure in a diagnostic test.

If if is necessary to adapt the design of single components of the insulation syStems to mgke
thg electrical functional test practicable (e.g. the stress control system), then for thgse
components special endurance or acceptance tests are recommended.

By|conducting tests at different voltages, a relationship of test life versus electrical stress dan
be|plotted. Note that increased frequency has often been used to accelerate electrical ageing,
with the assumption that the test acceleration is proportional-to frequency. However, this
asgumption does not always hold. A discussion on this issue js given in IEC 60034-18-42.

Tept life normally exhibits a widespread variation for*any particular voltage stress level.
Therefore, it is essential that a statistically significant.,number of specimen and failure times|be
obtained at each electrical ageing stress.

In certain cases, special endurance or acceptance tests, e.g. non-destructive dissipation factor
teqt at all type of high voltage coils/bars/windings according to IEC 60034-27-3 or PD
mgasurements at converter driven units . can be used for electrical qualification, see 4.5 gnd
IEC 60034-18-41.

Specimens should be at room temperature or at the specified test temperature. Care should|be
taen that dielectric losses at high stress or at increased frequency do not raise insulatjon
temperature enough to affectthe results.

6.2 Analysis and reporting

Specific requirements on the analysis and reporting of electrical functional tests of rotating
mdchine winding insulations are defined in IEC 60034-18-32 and IEC 60034-18-42.

An|electrical\endurance graph is drawn using the results of ageing, according to the guidelines
given in4EC 62539 and IEC 60034-18-32 and IEC 60034-18-42 for both the candidate system
anfl refefence systems. Having chosen a distribution to represent the test results of ageing|, it
is hecessary to check that the distribution is adequate for this purpose. According to presént
experience it would normally be the Weibull distribution.

When reporting, it is useful to record all relevant details of the test, including those in the
following list:

— maximum intended rated voltage of the system;

— test temperature;

— detailed description of the insulation systems tested (the reference and the candidate
systems, may partly be internal informations);

— ageing voltages, frequencies and ageing sub-cycle lengths if appropriate;
— diagnostic tests including the values of the diagnostic factors used;
— construction of the test object;
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NOJTE An approach of an empirical life model and test procedures are.diScussed in IEC 60505.
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number of test specimens at each voltage (fixed voltage test);
individual times to failure and failure modes;
method of statistical treatment used for the test data (preferably the Weibull-distribution)

to

determine the mean time to failure (63 % value in the case of Weibull) and the confidence

limits, see IEC 62539;

electrical endurance graph with mean or median points for each electrical ageing stress and

regression line.

Mechanical functional tests

e to very large number of considerable load changes during normal _gperation, s
C 60034-18-34. Depending on type of stator winding different mechanical tests |

Environmental functional tests

5 recognized that environmental factors in some*applications act as ageing factors.

s recognized that mechanical stress in some applications acts as an ageing factor;-either
aldne or in combination with other ageing factors. Mechanical ageing can be a consequence
vibrational stresses, stresses caused by electrodynamic forces or thermomechanical stresg

of
es
ee
ke
for

fficient technical information is not available at the present’\time to permit standard
megchanical ageing test procedures with dominant mechanical ageing factors to be presente

d.

Enyironmental ageing factors include chemically/physically active or electrically conduct|ve
substances in industrial atmospheres, high moisture content of the ambient air, fungus|or
migrobe-contaminated environments, -or' mechanically abrasive materials (e.g. sand) in {he
coopling air.

Such chemical/physical environmental ageing factors can e.g. also be the effect of refrigerants
in hermetic motors or the_ ignizing radiation in nuclear power plants. For insulation materials
anfl systems of these special applications, extensive endurance test procedures beyond the
IEC 60034-18 series exist.

Sufficient technica) information is not available at the present time to permit standard
enyironmental.ageing test procedures with dominant environmental ageing factors to |be
prg¢sented.

9 | Multifactor functional tests

It is recognized that more than one factor of influence, e.g. thermal and electrical, can affect
the performance of insulation systems, particularly when these factors act simultaneously, see
IEC TS 60034-18-33.

Such multifactor ageing can occur in mechanically or thermo-mechanically high-stressed low

an

d high voltage machines.
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In general, for multifactor functional tests, the following principles which are derived from
IEC 60505 shall be considered:

a) Simultaneously acting factors of influence in service should preferably be simulated in
simultaneous ageing tests, while sequentially acting factors of influence should preferably
be simulated with sequential ageing cycles, to ensure that possible direct or indirect
interactions between the different ageing factors during the funtional test act as in service.

b)

c)

d)

e)

When one of the ageing factors is known to be more important than the others, then t
multifactor tests may be performed by accelerating the effects of that factor only and keepi
other factors at service levels.

In other cases, all the important ageing factors should be accelerated. It is recommend
that the acceleration factor (relative rate of ageing) be similar for each ageing factor g
that the levels of the ageing factors be established on the basis of single-factor ageing te
until experience is obtained.

It is recommended that the reference operating conditions be established-,\This is the
of the service conditions for which the machine and its insulation systeém have be
designed.

The levels of the factors of influence in the set of reference operating conditions serve
the basis for estimating the acceleration factors during the ageing-sub-cycle and for sett
the levels of the diagnostic tests.

Care has to be taken, that the acceleration factor of chosen aging process does not chan
the dominant physical/chemical aging mechanisms of the, insulation system

For tests with multifactor acceleration, comparison between the candidate and referen
system should be performed only within the range-of'test levels.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

MACHINES ELECTRIQUES TOURNANTES -

Partie 18-1: Evaluation fonctionnelle des systémes d'isolation —
Lignes directrices générales

AVANT-PROPOS

La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisafion compo
de l'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC'a pour objet
favoriser la coopération internationale pour toutes les questions de normalisation dangyles domaines
I'électricité et de I'électronique. A cet effet, I'|EC — entre autres activités — publie des Normes internationa
des Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS) et
Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée § des comités d'études,
travaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisati
internationales, gouvernementales et non gouvernementales, en liaison avec [IlEC; participent également
travaux. L'IEC collabore étroitement avec I|'Organisation Internationale de~Normalisation (ISO), selon
conditions fixées par accord entre les deux organisations.

Les décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la mesure
possible, un accord international sur les sujets étudiés, étant donné que les’Comités nationaux de I'lEC intéres
sont représentés dans chaque comité d'études.

Les Publications de I''EC se présentent sous la forme de recommandations internationales et sont agré
comme telles par les Comités nationaux de I''lEC. Tous les efforts raisonnables sont entrepris afin
I'EC s'assure de I'exactitude du contenu technique de ses pUblications; I''EC ne peut pas étre tenue responsg
de I'éventuelle mauvaise utilisation ou interprétation qui €n’est faite par un quelconque utilisateur final.

Dans le but d'encourager l'uniformité internationale, lesnComités nationaux de I'lEC s'engagent, dans toutg
mesure possible, a appliquer de fagon transparente*les’Publications de I'lEC dans leurs publications nationg
et régionales. Toutes divergences entre toutesCRublications de I'lEC et toutes publications nationales
régionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

L'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépendd
fournissent des services d'évaluation del/conformité et, dans certains secteurs, accédent aux marques
conformité de I'lEC. L'IEC n'est responsable d'aucun des services effectués par les organismes de certifica
indépendants.

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

Aucune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandatai
y compris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de I'l
pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de quel
nature que ce soit, dirécte’ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépen
découlant de la publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de I'l
ou au crédit qui lui est accordé.

L'attention estiattirée sur les références normatives citées dans cette publication. L'utilisation de publicati
référencées\est obligatoire pour une application correcte de la présente publication.

L'attention-est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent faire I'o
de droits de brevet. L'lEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits
brevets et de ne pas avoir signalé leur existence.
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d’une Norme internationale.

FC 60034-18-1 a été établie par le comité d'études 2 de I'lEC: Machines tournantes. Il s’agit

Cette troisieme édition annule et remplace la deuxieme édition parue en 2010. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) comme auparavant, fournit des lignes directrices générales pour I'évaluation fonctionnelle
de différents types d'enroulements, mais inclut les modifications qui ont été introduites pour
la qualification et I'évaluation électriques des enroulements qui subissent une contrainte

électrique du fait d'une alimentation par convertisseur;


https://iecnorm.com/api/?name=dc07f6b1e82da6501b43a6c3d51967cf

b)

c)

Le

Le
ab

La
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met désormais l'accent sur les lignes directrices générales, tous les détails techniques des
procédures et des principes de qualification étant déplacés vers les parties subséquentes;

décrit des aspects généraux supplémentaires de I'évaluation et de la qualification
fonctionnelles, en particulier la procédure de comparaison entre les systémes d'isolation
candidat et de référence, l'introduction du concept de qualification pour différentes durées
de vie en service prévues, ainsi que I'évaluation des changements mineurs de composants

dctriques tournantes, se trouve sur le site web deAEC.

ou de processus de fabrication.

texte de cette Norme internationale est issu des documents suivants:

Draft Report on voting

2/2113/FDIS 2/2118/RVD

buti a son approbation.

langue employée pour I'élaboration de cette Norme internationale est\l'anglais.

e liste de toutes les parties de la série IEC 60034, publiées sous le titre général Machin

comité a décidé que le contenu de ce document ne sera pas modifié avant la date de stabi
iquée sur le site web de I'lEC sous webstaore.iec.ch dans les données relatives au documg
herché. A cette date, le document sera
reconduite,
supprimée,
remplacée par une éditionwnévisée, ou

amendée.

rapport de vote indiqué dans le tableau ci-dessus donne toute information sur‘le'vote ayant

es
us

w.iec.ch/members_experts/refdocs. Les principaux types~de’documents développés par
I'lBC sont décrits plus en détail sous www.iec.ch/standardsdew/publications.

es

ité
pnt
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INTRODUCTION

L'IEC 60034-18 comprend plusieurs parties, qui traitent de différents types d'évaluation
fonctionnelle et de types particuliers de procédures d'essai pour les systémes d'isolation des
machines électriques tournantes. L'IEC 60034-18-1 énonce les lignes directrices générales
relatives a ces procédures et aux principes de qualification; [I'IEC 60034-18-21,
I''EC 60034-18-31, I'EC 60034-18-32, I'"EC TS 60034-18-33, I''EC 60034-18-34,
I'EC 60034-18-41 et I'lEC 60034-18-42 décrivent les procédures détaillées pour les différents
types d'enroulements. En outre, I''EC 60034-18-41 et I''EC 60034-18-42 contiennent des
procédures d'essai particulieres d'évaluation électrique des enroulements soumis a des
coptraintes électriques dues a I'alimentation par convertisseur.

Lep normes suivantes constituent la base et la connaissance nécessaires( pour
déyeloppement des normes citées ci-dessus.

e

L'IEC 60505 établit la base de I'estimation du vieillissement des systémes d'isolation électrique
dahs des conditions de contraintes électriques, thermiques, mécaniques; environnementales
oufa des combinaisons de celles-ci (contraintes a plusieurs facteurs). Ellesspécifie les princiges
gépéraux et les procédures qu'il convient de suivre pour définir_les procédures d'esspis
fonctionnels et d'évaluation.

La| série IEC 60216 traite de la détermination des propriétés d'endurance thermique des
mdtériaux d'isolation particuliers. Partant de I'hypothése quédes formules d'Arrhenius décrivent
la yitesse du vieillissement thermique des matériaux, des procédures d'essai et des instructigns
d'gnalyse sont données pour obtenir des parameétres ‘earactéristiques tels que ["indice |de
température" (IT), I"intervalle de division par deux™(1DC) et I""indice d'endurance thermique
relptif" (RTE, Relative Thermal Endurance Index),/Pour tous ces parameétres, des proprié{és
choisies et des critéres de point limite acceptés sont spécifiés. En conséquence, plus djun
indice de température, déduit de la mesureide différentes propriétés et de I'utilisation |de
différents critéres de point limite peut étre_affecté a un méme matériau.

L'IEC 60034-18-1 définit les exigences'genérales pour la qualification des systémes d’isolatipn,
daps lesquels, pour le vieillissement thermique, les équations d’Arrhenius ne sont pas
négessairement adaptées, commeicela ressort de nombreux retours d’expérience.

L'lEC 60085 traite de I'évaluation thermique des matériaux d'isolation électrique et |en
pafticulier des systémes d'isolation utilisés dans les équipements électriques. En particulifer,
dep classes thermiques'de systémes d'isolation sont définies et des désignations sont données,
telles que 130 (B), 155 (F) et 180 (H) pour l'utilisation pour des machines tournantes relevant
de
ch
IE
de
d'i
d'u
La
systéme d'isolation.

L'IEC 62539 définit des méthodes statistiques pour I'analyse des durées jusqu'a la rupture et
des données de tension de rupture obtenues a partir d'essais électriques de matériaux
d'isolation solides, aux fins de caractérisation du systéme et de comparaison avec d'autres
systémes d'isolation. Les méthodes d'analyse sont décrites pour la distribution de Weibull, mais
d'autres distributions sont également présentées.
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MACHINES ELECTRIQUES TOURNANTES -

Partie 18-1: Evaluation fonctionnelle des systémes d'isolation —
Lignes directrices générales

Domaine d'application
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présente partie de I''EC 60034 traite des lignes directrices générales pour |'évaluat
ctionnelle des systemes d'isolation électrique, utilisés ou dont I'utilisation est proposée da
machines électriques tournantes relevant du domaine d'application de I''EC.60034-1,
b de leur qualification.

Références normatives

5 documents suivants cités dans le texte constituent, pour tout ou-partie de leur contenu, g
gences du présent document. Pour les références datées, seule’I'édition citée s’appliq
ur les références non datées, la derniere édition du document de référence s'applique
mpris les éventuels amendements).

C 60034-1, Machines électriques tournantes — Partie 1. Caractéristiques assignées
racteristiques de fonctionnement

C 60034-18-21, Machines électriques tournantes — Partie 18-21: Eva/gation fonctionnelle g
btemes d'isolation — Procédures d'essai pour’enroulements a fils — Evaluation thermique
ssification

C 60034-18-31, Machines électriqués tournantes — Partie 18-31: Eva/uat{'on fonctionnelle g
stemes d'isolation — Procédures d'essai pour enroulements préformés — Evaluation thermiq
classification des systemes d'isalation utilisés dans les machines tournantes

C 60034-18-32, Machines,électriques tournantes — Partie 18-32: Evaluation fonctionnelle g
stemes d'isolation (Typ€ Il) — Procédures de qualification de I'endurance électrique pq
roulements préformés

C TS 60034-18-33, Rotating electrical machines — Part 18-33: Functional evaluation
ulation systems — Test procedures for form-wound windings — Multifactor evaluation
Hurancestnder simultaneous thermal and electrical stresses (Disponible seulement
hlais)
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0°60034-18-34, Machines électriques tournantes — Partie 18-34: Evaluation fonctionnelle d

es

systemes d'isolation — Procédures d'essai pour enroulements préformés — Evaluation de
I'endurance thermomécanique des systemes d'isolation

IEC 60034-18-41 :2014, Machines électriques tournantes — Partie 18-41: Systéemes d'isolation
électrique sans décharge partielle (Type I) utilisés dans des machines électriques tournantes
alimentées par des convertisseurs de tension — Essais de qualification et de contréle qualité
IEC 60034-18-41:2014/AMD1:2019

IEC 60034-18-42, Machines électriques tournantes — Partie 18-42: Systéemes d'isolation
électrique résistants aux décharges partielles (Type 1l) utilisés dans des machines électriques
tournantes alimentées par convertisseurs de tension — Essais de qualification
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IEC 60034-27-3, Machines électriques tournantes — Partie 27-3: Mesure du facteur de
dissipation diélectrique sur le systeme d’isolation des enroulements statoriques des machines
électriques tournantes

IEC 60085, Isolation électrique — Evaluation et désignation thermiques

IEC 60493-1, Guide pour I'analyse statistique de données d'essai de vieillissement — Partie 1:
Méthodes basées sur les valeurs moyennes de résultats d'essais normalement distribués

IEC60505:2011 Evaluation et r_*’ul:alifir‘::ﬁnn des cyefémnc d'isolation élnnfriqun

IEC 61858-1:2014, Systémes d'isolation électrique — Evaluation thermique des modificatiqns
apportées a un systeme d’isolation électrique (SIE) éprouvé — Partie 1: Systéme, d‘isolation
élqctrique a enroulements a fils

IEC 61858-2 :2014, Systémes d'isolation électrique — Evaluation thermique'des modificatidns
apportées a un systéme d’isolation électrique (SIE) éprouvé — Partie 25/Systéme d’isolation
élgqctrique a enroulements préformés

IEC 62539, Guide for the statistical analysis of electrical insulatiof~breakdown data (disponible

enlanglais seulement)

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

L'IBO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisges
en[normalisation, consultables aux adresse$§’suivantes:
e | IEC Electropedia: disponible a I'adrésse http://www.electropedia.org/

e [ISO Online browsing platform: disponible a I'adresse http://www.iso.org/obp
3.1 Termes généraux

3.1.1

température de classe
température pour laquelle le systéme d'isolation est approprié, selon la définition de la clagse
thgrmique donnée-dans I'lEC 60085 et selon I'utilisation donnée dans I'lEC 60505

3.1.2

syptéme d'isolation électrique
Sl

structure’ isolante, comprenant un ou plusieurs matériaux isolants électriques (MIE) avec |es
pafties’conductrices associées, utilisée dans un dispositif électrotechnique

[SOURCE: IEC 60505:2011, 3.1.1]

3.1.3

systéme d'isolation candidat

systeme d'isolation en essai pour déterminer son aptitude a satisfaire aux critéres de
vieillissement

[SOURCE: IEC 60050-411:1996, 411-39-26]
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3.1.4

sy

stéme d'isolation de référence

systéme d'isolation dont les caractéristiques ont été validées par un retour d'expérience
satisfaisant

[SOURCE: IEC 60050-411:1996, 411-39-27]

3.1.5
bobine
une ou plusieurs spires de conducteurs isolés, connectées en série et entourées par une

isdlation commune, disposées de fagon a conduire ou a produire un flux magnétique

[SODURCE: IEC 60050-411:1996, 411-38-03]

3.1.6

bafre

I'upe ou l'autre des deux parties qui, une fois placées dans leurs encoches.et réunies, forme

un
un

Nofe 1 a I'article: Les grandes machines a courant alternatif sont communément équipées de barres,
gérléralement, mais pas toujours, elles forment des bobines a une seule spire dans un enroulement a deux couch

[SPDURCE: IEC 60050-411:1996, 411-38-05]
3.1.7
enfoulement a fils

en

élgmentaires occupent des positions quelcongues dans le c6té des bobines

Nofe 1 a I'article: |l s'agit généralement d'enroulements constitués de fils de conducteurs ronds en vrac.
[SOURCE: IEC 60050-411:1996, 411<38-13]

3.1.8

enfoulement préformé

en
ac

No
rec

[S

3.2 Termes relatifs aux objets soumis aux essais

e bobine préformée compléte (voir 3.1.8), et qui comprennent chacune\un c6té de bobine
b développante appropriée

roulement constitué d'un ou plusieurs conducteurs isolés et dans lequel les conducte

foulement constitué de'bobines ou de barres qui sont préformées, isolées et pratiquemd
nevées avant d'étre montées dans leurs logements définitifs

e 1 al'article: 1l g'agit généralement de bobines ou de barres avec des enroulements constitués de conductg
angulaires.

DURCE:AEC 60050-411:1996, 411-38-11]

bnt
et

et

urs

urs

3.2

ob
un

jet en essai
ité soumise aux essais

Note 2 a I'article: |l peut s'agir d'une machine réelle, ou d'une partie de celle-ci, ou d'un modéle d'essai particu

(vo

ir 3.2.3 et 3.2.4), qui peut étre soumis a des essais fonctionnels.

Note 3 a I'article: Un objet en essai peut contenir plus d'un échantillon (voir 3.2.2).

lier
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3.2.2

échantillon

composant constitutif individuel d'un objet en essai, qui peut étre utilisé pour obtenir un élément
de données d'essai (par exemple la durée jusqu'a défaillance)

Note 1 a l'article: Un échantillon peut contenir plus d'un composant d'isolation (par exemple isolation entre spires
et isolation entre conducteurs et terre), et n'importe lequel de ces composants peut fournir cet élément de données.

3.2.3

formette
maodele d'essai particulier utilisé pour I'évaluation des systémes d'isolation des enroulements
préformés

[SOURCE: IEC 60050-411:1996, 411-53-64]

3.24

mg@torette

mqdeéle d'essai particulier utilisé pour I'évaluation des systémes d'isolatiom)des enroulement
fild (jetés)

o
Q-

[SPURCE: IEC 60050-411:1996, 411-53-65]

3.3 Termes relatifs aux facteurs d'influence et aux facteurs de vieillissement

3.3.1

fagteur d'influence
coptrainte imposée par les conditions de fonctionnement, I'environnement ou I'essai, qui pg¢ut
agjr sur le vieillissement ou la durée de vie d'un-systéme d'isolation

3.3.2
fagteur de vieillissement
fagteur d'influence, qui provoque le vieillissement

Nofe 1 a l'article: Dans les enroulements, d'une machine électrique, différents facteurs d'influence ou facteurs| de
viefllissement peuvent étre prédominants.selon les différentes parties (par exemple, isolation des spires et isolafion
deq développantes). Différents critérespeuvent donc étre utilisés pour vérifier ces parties de I'isolation. Il peut ayssi
étr¢ approprié d'appliquer différentes’procédures d'évaluation fonctionnelle a ces parties.

3.4 Termes relatifs,.aux essais et a I'évaluation

3.4.1
fagteur de diagnostic
coptrainte variable ou fixe appliquée a un SIE pour établir le degré de vieillissement

[SOURCE®IEC 60505:2011, 3.3.7]

3.4.2

essai fonctionnel
essai comparatif dans lequel les systémes d'isolation candidats et de référence sont exposés
aux facteurs de vieillissement et de diagnostic, afin de qualifier le systéme candidat; un essai
fonctionnel peut également concerner une propriété de diagnostic

3.4.3

essai d'endurance

essai dans lequel le systéme d'isolation d'un objet en essai est exposé a un ou plusieurs
facteurs de vieillissement liés aux conditions du service, et dans lequel des changements de
propriétés spécifiques sont évalués par des essais de diagnostic
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