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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ROTATING ELECTRICAL MACHINES -

Part 18-21: Functional evaluation of insulation systems —
Test procedures for wire-wound windings —
Thermal evaluation and classification

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

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

IEC Publications have fthe form ofyrecommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannet{be ;held sesponsibletfar-the,way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possiblelini“4heir ‘national and regional publications. Any divergence
between any IEC Publication andithe.corresponding national or,regional-publication shall be clearly indicated in
the latter. .

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

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

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

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

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60034-18-21 has been prepared by IEC technical committee 2:
Rotating machinery.

This second edition cancels and replaces the first edition published in 1992, and its
amendments 1 (1994) and 2 (1996), and constitutes a technical revision.

The main technical changes with regard to the previous edition can be seen in the
introduction of some basic statistical methods in the evaluation of comparative data.
Moreover, the standard states a simpler use of different test procedures.
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The text of this standard is based on the following documents:

FDIS Report on voting
2/1672/FDIS 2/1682/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

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

NOTE A table of cross-references of all IEC TC 2 publications can be found on the IEC TC 2 dashboard on the
IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

e withdrawn,

* replaced by a revised edition, or
*+ amended.
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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 electrial machines. Part
IEC 60034-18-1 provides general guidelines for such procedures and qualification principles.
The subsequent parts IEC 60034-18-21, IEC 60034-18-22, IEC 60034-18-31,
IEC 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.

This part IEC 60034-18-21 deals with the thermal evaluation and classification of insulation
systems for wire-wound (usually random wound) windings.

Parts relevant to this document are:

— |EC 60034-18-1: General guidelines
— |IEC 60034-18-31: Test procedures for form-wound windings

— |IEC 60034-18-41: Qualification and type tests for Type | electrical insulation systems used
in rotating electrical machines fed from voltage converters

— |EC 60034-18-42: Qualification and acceptance tests for partial discharge resistant
electrical insulation systems (Type Il) used in rotating electrical machines fed from voltage
converters
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ROTATING ELECTRICAL MACHINES -
Part 18-21: Functional evaluation of insulation systems —

Test procedures for wire-wound windings —
Thermal evaluation and classification

1 Scope

This part of IEC 60034 gives test procedures for the thermal evaluation and classification of
insulation systems used or proposed for use in wire-wound alternating current (a.c.) or direct
current (d.c.) rotating electrical machines.

The test performance of a candidate insulation system is compared to the test performance of
a reference insulation system with proven service experience.

IEC 60034-18-1 describes general testing principles applicable to thermal endurance testing
of insulation systems used in rotating electrical machines. The principles of IEC 60034-18-1
are followed unless otherwise stated in IEC 60034-18-21.

2 Normative referiences

The following documents, in whole"or in pdrt, are’normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition)0of |sthé20referenced document (including any
amendments) applies:

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

IEC 60034-18-1:2010, Rotating electrical machines — Part 18-1: Functional evaluation of
insulation systems — General guidelines

IEC 60085, Electrical insulation — Thermal evaluation and designation

IEC 60216-1, Electrical insulating materials — Properties of thermal endurance — Part 1:
Ageing procedures and evaluation of test results

IEC 60216-5, Electrical insulating materials — Thermal endurance properties — Part 5:
Determination of relative thermal endurance index (RTE) of an insulating material

IEC 60455 (all parts), Resin based reactive compounds used for electrical insulation
IEC 60464 (all parts), Varnishes used for electrical insulation

IEC 60505, Evaluation and qualification of electrical insulation systems

3 General considerations

31 Reference insulation system

A reference insulation system shall be tested using the same test procedure as for the
candidate system. See 4.3 of IEC 60034-18-1.
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3.2 Test procedures

Each thermal endurance test generally consists of a series of cycles, where each cycle
comprises a thermal ageing sub-cycle followed by a conditioning sub-cycle and a diagnostic
sub-cycle.

There are five different test procedures, according to the type of test object, namely,
Procedure 1: Motorette test procedure, Procedure 2: Motor test procedure, Procedure 3: Test
procedure for stator windings in slots, Procedure 4: Test procedure for pole windings and
Procedure 5: Test procedure for rotor windings in slots and they are described in Clauses 8,
9, 10, 11 and 12. The thermal endurance test procedure uses several cycles, each consisting
of:

— athermal ageing sub-cycle;

— adiagnostic sub-cycle, which includes mechanical and moisture conditioning followed by a
diagnostic voltage test, performed in that order.

In addition to the required tests, additional non-destructive informative tests may be used.

4 Test objects and test specimens

4.1 Construction of test objects

It is expected that the, various_insulating _materials_or components, making up any insulation
system to be evaluated (by these/test [procedures Iwill\ first/ be'sereened using company
screening procedures. Temperature indices for insulating materials may be used. However,
temperature indices of insulating materialsicannot'be used to classify insulation systems but
are to be considered only as indicators for the thermal functional tests for systems. For
electrical isolation systems see IEC 60085;

Wherever economics or the size7of thelimachine/or:-both)warrant it, an actual machine or
machine component should be used as the test object. Usually this means that coils of full
cross section, with actual clearances and creepage distances are needed, though a reduced
slot length may be adequate.

Test objects may be actual machines, machine components or models.

Test models shall contain all the essential elements employed in the windings they simulate
and shall be considered only as close approximations. Insulation thicknesses, creepage
distances and, where necessary, discharge protection appropriate for the intended
maximum rated voltage and equipment standards or practice shall be used.

For large and high-voltage machines, test models representing a part of a coil or bar may be
used, when ageing specific for that part is investigated, provided that representative factors
of influence can be applied to the test specimens.

The systems compared shall have arrangements consistent with those to be used in
machines.

NOTE It is recognized that markedly different values of test life may be obtained for the same insulating
materials, depending on insulation thicknesses and creepage distances.

Test specimens simulating parts of a coil or winding may be used for evaluation, if stresses
acting on these parts in service can be reproduced reliably in the test.

Particular types of models have been used successfully in some countries and examples of
these are illustrated in Annexes A and B.
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The manufacturer should make certain that the materials proposed for use in the new
insulation system can be handled without deterioration of properties in the intended
manufacturing processes.

4.2 \Verification of effects of minor changes in insulation systems

A minor change is described in IEC 60034-18-1. An example of a minor change in a wire-
wound insulation system may include purchasing a key component material from a new
supplier without changing the material specification. If thermal ageing evaluation is
appropriate to evaluate a minor change to a service-proven insulation system, it is acceptable
to use one temperature to age one test object consisting of no fewer than the recommended
number of test specimens.

Reduced evaluation should be performed using an ageing temperature cycle within the range
of known thermal endurance data for the service-proven system.

4.3 Number of test specimens

Tests should be conducted using no fewer than five test specimens per ageing temperature,
per insulation system. This is the minimum recommended number for statistical confidence.

4.4 Quality control

Each insulating material intended to be used in preparation of test objects should be
subjected to separate tests to establismuniformity Fbeforelitlisused;in assembly.

Each test specimen shall be subjected to:thel quality’contral itests of the normal or intended
production process.

To eliminate defective test objects, they.should.be; qualified, firstiby visual examination and
then by over-voltage tests consistent-with. the,machine-or-coil tests in the manufacturing
facility, or as described in the appropriate subclauses for diagnostic tests, whichever voltage
test is greater.

NOTE When appropriate additional screening (or qualifying) tests may be used, including the following:
— insulation resistance measurement;

— loss tangent and capacitance measurement;

— partial discharge inception voltage measurement;

— balance of phase currents while running;

—  repetitive surge;

— leakage current;

— high-voltage test.

Any widely deviating test object should be discarded or inspected to determine the reason for
the deviation and appropriate allowances should be made for the deviations.

4.5 Initial diagnostic tests

Each completed test object shall be subjected to all of the diagnostic tests selected to be
used in the thermal functional test before starting the first thermal ageing sub-cycle, to
establish that each test specimen is capable of passing the selected diagnostic tests.
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5 Test procedures

5.1 General principles of diagnostic tests

In many cases, experience has indicated that the best diagnostic evaluation of a thermally
degraded and thus usually brittle insulation system is obtained by exposure to mechanical
stress, thus producing cracks in the mechanically stressed parts, then exposure to moisture
and finally application of the test voltage.

In other cases, mechanical stress, moisture exposure and application of voltage may not be
the best diagnostic tests and may be replaced by selected dielectric tests (e.g., measurement
of partial discharge or loss tangent) to check the condition of the insulation after each thermal
ageing sub-cycle.

The test procedure consists of several ageing tests, performed at different ageing
temperatures. At each temperature, the test life of the insulation system is determined. Based
on these test life values, the life at the class temperature is estimated relative to that of the
reference system at its class temperature.

Each ageing test is performed in cycles, each cycle consisting of a thermal ageing sub-cycle
and a diagnostic sub-cycle. The diagnostic sub-cycle may include mechanical and moisture
conditioning procedures, followed by a diagnostic voltage test and other diagnostic tests.

5.2 Ageing temperatures and sub-cycle lengths

It is recommended that the tests be carried out on the number of specimens indicated in
subsequent subclauses of this standard forlat least'three different ageing temperatures.

The intended thermal class (or class température) lof/the candidate insulation system as well
as the known classhofstheireference/system:shall be/selected from(Tablec1, which is a subset
of the thermal classes defined inl IEC 160085%iand)IEC 160505)

Table 1 — Thermal classes

Thermal class rating Thermozg class
105 (A) 105
120 (E) 120
130 (B) 130
155 (F) 155
180 (H) 180
200 (N) 200

NOTE The thermal classes 105 (A), 120 (E) and 200 (N) in Table 1 are nowadays seldom used in rotating
electrical machines and are not found in IEC 60034-1.

Table 2 lists the suggested ageing temperatures and corresponding periods of exposure in
each thermal ageing sub-cycle for insulation systems of the various thermal classes. Time
and temperature may be adjusted to make the best use of facilities and staff but comparisons
shall take such variations into consideration.

The lowest ageing temperature should be selected such as to produce the mean test life of
about 5 000 h and the highest temperature should produce a mean test life of at least 100 h.
This is generally accomplished by choosing the lowest ageing temperature to correspond to
an exposure period of 28 to 35 days or longer.
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In addition, at least two higher ageing temperatures should be selected, separated by
intervals of 20 K or more. Intervals of less than 20 K may be suitable when tests are made at
more than four ageing temperatures. The highest temperature shall provide a mean test life of
at least 100 h.

To minimize the uncertainty introduced by extrapolation the lowest test temperature should
not exceed by more than 25 K the temperature to which the results will be extrapolated.

If the intended thermal class for the candidate insulation system differs from the known class
of the reference system, different ageing temperatures and sub-cycle lengths are to be
selected in an appropriate manner.

Where the candidate insulation system represents a minor change from a classified system,
4.2 may be followed.

It is recommended that the lengths of ageing sub-cycles for the intended class temperature be
selected so as to give a mean life of about 10 cycles for each ageing temperature.

Table 2 - Recommended temperatures and ageing sub-cycle exposure periods

t:e"rtrinc;fzfzgs 105 120 130 155 180 200 D:gesir?:r
sub-cycle
T,<T,<T, T, | T | Ty chrTo i wTad Tool v Toob iTortsTin T | T, | T,
Suggested 170 | 180 | 185 | 195 | 195|205 | 220 | 230 | 245 | 255 | 265 | 275 1-2
forrzgge?ng 160 | 170 | 175 | €185 [1185¢) 1195 ¢ 210~ 1220) 1| }235 | 245 | 255 | 265 2-3
temperature 150 | 160 | 165 | 175 | 175 | 185 | 200 | 210 | 225 | 235 | 245 | 255 4-6
(Ta) °C 140 | 150 | 155 | 165 |;1165,|,175|190,(>200 | 215 | 225 | 235 | 245 7-10
13011} 14011 1455 [ -155 | 1165/ |1 165} 18001 190-0| 1205 40215,-[1225 | 235 | 14 — 21
120 | 130 | 135 |1445)[0448/ic1550()3470%{2180)|2 195 | 205 | 215 | 225 | 28 -35
110 | 120 | 125 | 135 | 135 | 145 | 160 | 170 | 185 | 195 | 205 | 215 | 45-60

NOTE This Table 2 is designed to give flexibility to laboratories to choose ageing times and temperatures in such
a way as to optimize the use of their manpower and facilities. It accommodates the ideal situation (based on 10 K
rule) that allows for doubling the ageing time for every 10 K decrease in ageing temperature (e.g. 1, 2, 4, 8, 16, 32,
and 64 days of ageing). It allows the ageing to be performed in multiples of one week at the lower ageing
temperatures (e.g. 1, 2, 4, 7, 14, 28 and 49 days of ageing). It also allows the ageing to be performed in such a
way as to maximize the 5-day working week. This has the main benefit, that always starting an ageing sub-cycle on
a Friday and the diagnostic tests on a Monday (e.g. 3, 10, 17, 31 and 59 days of ageing) is possible.

5.3 Methods of heating

Despite some evident disadvantages, ovens have been shown by experience to be a
convenient and economical method of providing thermal ageing. Ovens with forced
convection shall be used. The oven method subjects all the parts of the insulation system to
the full ageing temperature, while in actual service a large proportion of the insulation may
operate at considerably lower temperatures than the hot-spot temperature. Also, the products
of decomposition are likely to remain near the insulation during oven ageing whereas they
may be carried away by ventilation in actual operation. Ageing temperatures shall be
controlled and held constant within + 2 K up to 180 °C inclusive and + 3 K from 180 °C to
300 °C.

The use of ovens for heating is not mandatory. A more direct means which more closely
simulates service conditions may be used when appropriate, such as:

— direct heating by electric current;
— starting and reversing duty (motor test);




	ù$›ƒÆ4Ïœ<y@\U�j⁄f¹`l*˚×˝¿j¥ãy8ÎÔ�)ç4ow@ZKå��}/łÁv)ù8�ã‰ÖP´W�˝�¨8]?œAy«PQmÖW{ÃX+ı˛ác„NÑ|�

