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1

the most relevant changes.

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ROTATING ELECTRICAL MACHINES -

Part 18-32: Functional evaluation of insulation systems (Type Il) —

Test Electrical endurance qualification procedures for form-wound

windings—Evaluation-by-electrical endurance 1
FOREWORD

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

ng

all national electrotechnical committees (IEC National Committees). The object of IEC is to_ promote internationpal

co-operation on all questions concerning standardization in the electrical and electronic-ields. To this end a

hd

in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,

Publicly Available Specifications (PAS) and Guides (hereafter referred to as fIEC Publication(s)”). Th

Bir

preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt wjth

may participate in this preparatory work. International, governmental and non-goverimental organizations liaisi
with the IEC also participate in this preparation. IEC collaborates closely with™the International Organization
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations

ng
or

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 technicalh.ecommittee has representation from
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC Natio
Committees in that sense. While all reasonable efforts are{made to ensure that the technical content of |

all

al
FC

Publications is accurate, IEC cannot be held responsible)for 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 possible in theirnational and regional publications. Any divergence betwe|
any IEC Publication and the corresponding nation@l or regional publication shall be clearly indicated in the latt

en

Er.

IEC itself does not provide any attestation of‘\conformity. Independent certification bodies provide conformjity
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 haye the latest edition of this publication.

No liability shall attach to IEC arLits directors, employees, servants or agents including individual experts a
members of its technical committees and IEC National Committees for any personal injury, property damage
other damage of any nature Whatsoever, whether direct or indirect, or for costs (including legal fees) a
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 publications
indispensable for the correct application of this publication.

hd
or
nd
EC

is

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patgnt

rights. IEC{shall not be held responsible for identifying any or all such patent rights.

is commented version (CMV) of the official standard IEC 60034-18-32:2022 edition 2.0
allows-the user to identify the changes made to the previous IEC 60034-18-32:2010 edition

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.


This IS deals explicitly with windings, where partial discharge (PD) occur and the winding can withstand PD. They are referred as type II insulation systems.
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IEC 60034-18-32 has been prepared by IEC technical committee 2: Rotating machinery. It is an

International Standard.

This second edition cancels and replaces the first edition published in 2010. This edition

constitutes a technical revision.

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

Title modified

us

b) Simplification of clauses.
c)| Reduction in the number of test procedures.
d) Inclusion of full bars and coils as test objects.

e) A new clause dealing with failures and failure criteria.

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

Draft Report on voting
2/2068/FDIS 2/2075/RVD

Fdill information on the voting for its approval can be found.nthe report on voting indicated |i

the above table.

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

Allist of all parts in the IEC 60034 series, published under the general title Rotating electridal

mpchines, can be found on the IEC website;

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

in

agcordance with ISO/IEC Directives;Part 1 and ISO/IEC Directives, IEC Supplement, available

atl www.iec.ch/members_expertsiefdocs. The main document types developed by IEC afe

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

The committee has decided that the contents of this document will remain unchanged until t
stpbility date indicated on the IEC website under webstore.iec.ch in the data related to t
specific document. At:this date, the document will be

¢ | reconfirmed,

o | withdrawr

o | replaced by a revised edition, or

e | amended.

e

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

s
g
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INTRODUCTION

IEC 60034-18-1 presents general principles for the evaluation of insulation systems used in
rotating electrical machines.

This document deals exclusively with insulation systems for form-wound windings (Type II) and
concentrates on electrical functional evaluation.

In IEC 60034-18-42, tests are described for qualification of Type Il insulation systems in
vdltage-source converier operation. These insulation systems are generally used in rotafihg
mpchines which have form-wound windings, mostly rated above 700 V r.m.s. The two standar¢ls
IHC 60034-18-41 and IEC 60034-18-42 separate the systems into those which are not expectg¢d
to]l experience partial discharge activity within specified conditions in their service flives (Tyxe
)| and those which are expected to experience and withstand partial discharge actvity in apy
pdrt of the insulation system throughout their service lives (Type II).
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ROTATING ELECTRICAL MACHINES -

Part 18-32: Functional evaluation of insulation systems (Type Il) —
Fest Electrical endurance qualification procedures for form-wound

windings—Evaluation-by-electrical endurance

1 Scope

This part of IEC 60034-18 describes-test qualification procedures for the evaluation of etéctridal
endurance of insulation systems for use in-a-e—er-d-¢- rotating electrical machinesusing forin-
wound windings energized with sinusoidal power frequency voltage. The test proceduresf
the main wall insulation are comparative in nature, such that the performancg.6f a candidate
ingulation system is compared to that of a reference insulation system with proven servige
e)perience.——so-toctsresncuroe s poineloalho cleootod o8 o foenlotios snlocan oo coled
faal hing but mav-also be a
GG m allla
fetm-weeedwe@ngeeaﬂﬂbeﬁfeeneﬁr%%go&t-ﬂr&@ If no reference system is avallable t e
dipgram in Annex A is available for use. The qualification procedures of inverter duty insulatipn
sy stem for form-wound windings can be found in IEC 60034418-42 or IEC 60034-18-41. A nqw
and informative test procedure for the stress control syStem is introduced and defined [in
Annex B. |2

2| Normative references

The following documents are referred to in the text in such a way that some or all of their contejnt
cqnstitutes requirements of this document_*For dated references, only the edition cited appligs.
For undated references, the latest .edition of the referenced document (including any
amendments) applies.

[

IHC 60034-1, Rotating electricalimachines — Part 1: Rating and performance

IHC 60034-15:2009, Rotating electrical machines — Part 15: Impulse voltage withstand levdls
ofl form-wound stator ¢oils for rotating a.c. machines

IHC 60034-18-1:2010, Rotating electrical machines — Part 18-1: Functional evaluation |of
insulation systéms — General guidelines

IHC TS 60034-18-33:2010, Rotating electrical machines — Part 18-33: Functional evaluation |of
inpulation systems — Test procedures for form-wound windings — Multifactor evaluation by
enjdararice under simultaneous thermal and electrical stresses

IEC 60034-18-41, Rotating electrical machines — Part 18-41: Partial discharge free electrical
insulation systems (Type |) used in rotating electrical machines fed from voltage converters —
Qualification and quality control tests

IEC 60034-18-42:2017, Rotating electrical machines — Part 18-42: Partial discharge resistant
electrical insulation systems (Type Il) used in rotating electrical machines fed from voltage
converters — Qualification tests

IEC 60034-18-42:2017/AMD1:2020

IEC 60034-27-1, Rotating electrical machines - Part 27-1: Off-line partial discharge
measurements on the winding insulation


This IS deals only with windings which are energized by sinusoidal power frequency voltage. For inverter fed insulation systems IEC 60034-18-41 or IEC 60034-18-42 may be used. If for any reason no reference curve for the main wall insulation is available, Annex A provides a diagram, which has been established from publications between the 70s to the 90s of major OEMs.

https://iecnorm.com/api/?name=71ba9555fba6dd75e37c8ce3fb5e0acc
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IEC 60034-27-3, Rotating electrical machines — Part 27-3: Dielectric dissipation factor

measurement on stator winding insulation of rotating electrical machines

IEC 60216-4-1, Electrical insulating materials — Thermal endurance properties — Part 4-

Ageing ovens — Single-chamber ovens

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

3 T | definiti

1:

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

IO and IEC maintain terminological databases for use in standardization at_the"following

addresses:

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

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

3
mainwall insulation

mpin electrical insulation that separates the conductors from the earthed stator/rotor core
mptor and generator windings

w

2
turn strand insulation
electrical insulation that covers each conductor in_coils/bars

3.8
interturn turn insulation
elpctrical insulation that separates the conductor turns from each other in coils/bars

tarial which ic 11ced to coabta-stator coil/lbar within the slot nortion of the stator core to av
teHa G SHSEe 610 CoataStato—CcoHoa— WA+ StotpordHoh-othesSstator-cofreto<a

in

|

Lhad to the andwindinas
tea—to+the—enRawWHaH

9o

sthtorstoredtice the maximum-surfaceelectrical stress

3.
conductive slot coating
cqnductive paint or tape layer in intimate contact with the mainwall insulation in the slot porti

of the coll side, often called semi-conductive coating

Note 1 to entry: The purpose is to prevent partial discharge from occurring between the coil/bar and the stator core.

3.5
stress control coating

paint or tape on the surface of the mainwall insulation that extends beyond the conductive slot

coating in high-voltage stator bars and coils

Note 1 to entry: The purpose of the coating is to prevent surface discharges near the slot exit or in the end winding

area.
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3.6

stress control system

generic name for the combination of the conductive slot coating and stress control coating in
high-voltage stator bars and coils |3

3.7

confidence interval

range of values so defined that there is a specified probability that the value of a parameter
(voltage, stress or time) lies within it

f
telst temperature
temperature of the outer surface of the bar/coil at the straight part of the bar/coil measuréd with
an appropriate selected and placed sensor

4| General considerations

a1 Relationship to IEC 60034-18-1

The principles of IEC 60034-18-1 should be followed, unless the,-recommendations of tH
dgcument indicate otherwise.

S

4 Selection and designation of test procedures

Ope or more of the procedures in this document should be suitable for the majority |of
evaluations. Evaluation is usually performed by the manufacturer of the machine/coils or by|a
thjrd-party laboratory. It is the manufacturer’'si/résponsibility to justify the most suitafle
procedure-in—TFable—1 on the basis of past experience and knowledge of the insulation systems
to|be compared.

Q3+



Change of terms to harmonized terms for the stress control system analogue to the entire IEC 60034-18 series.

Deletion of the test procedure table because nature and details of various test procedures are not clear and designation is not used anymore to differentiate between different type of diagnostic tests.
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Following test procedures are described:

e Mainwall insulation

e Turn insulation only with the main insulation test
e Conductive slot coating (Annex B)

e Stress control coating (Annex B)

e Mainwall insulation, where voltage level and/or life time differs from the reference system

Alreference insulation system should be tested using a test procedure equivalent to that\us¢d
for the candidate system (see IEC 60034-18-1). The reference insulation system should haye
sgrvice experience at not less than 75 % of the intended maximum rated volage of the
cgndidate system. When extrapolation of the insulation thickness is used, information such as
“different insulation thickness at same electrical field stress levels by obtaining equal or similar
breakdown time” should be provided showing the correlation between electrical lifetime and
electrical stress for the different insulation thicknesses. If no referencedifisulation system |is
ajailable the diagram in Annex A shall be used as criterion.

4. Test procedures-(lIEC-61251)

4.4.1 General

Electrical ageing tests are usually performed at fixed ‘voltage levels until failure (mainwall
inpulation) or in combination with elevated tempepature until signs of deterioration occpr
(cpnductive slot coating system). Statistical evaluation of the results of testing should Ipe
pgrformed according to IEC 62539.

4.4.2 Electrical ageing of the mainwall insulation

Frlom such tests, characteristic times to failure at each voltage level are obtained. The resu
for both the candidate system and, the reference system should be reported on a graph,
shown by the example in Figure.{; and compared. There is no proven physical basis
ejtrapolation of this character|st|c to the serV|ce voltage IeveI UN/\/_ where Un is the r.m/s.
rated phase to phase voltage »Sta i

agcording to 1EC 62539,

In|service, electrical.ageing of the mainwall insulation is primarily caused by continuous elefc-
trical stress at power*frequency. In addition, the insulation is required to withstand transient
oVervoltage arising from switching surges or inverter supply. The ability of the mainwall
insulation to withstand transient overvoltage from converter supplies may be demonstrated by
the system’s/performance using IEC 60034-18-42.

This . document describes—veltage electrical ageing of the mainwall insulation, carried out [at

p wer, frequency ora%a#equeeewup%eJrMne&gpeaier hlgher In order to keep acceleratl bN

appropnate Latest experiences W|th the application of IEC 60034-18-42 show that a frequency
of up to 1 000 Hz can be used as well. Care shall be taken that the dielectric losses do not
increase the temperature of the insulation beyond the service temperature to avoid additional
thermal ageing effects. (IEC TS 60034-18-33:2010, Table 1).

4.4.3 Electrical ageing of the stress control system

In order to allow a full qualification of the entire insulation system Annex B describes methods
to qualify the conductive slot coating and stress control coating. |8



Old IS version deals only with procedures to qualify the insulation system by means of testing the main wall insulation. A new test method has been introduced in Annex B (informative) to test and evaluate conductive slot coating and stress control coating. The intention is that various user collect experience, which shall be incorporated in the next revision of this IS.
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4.4.4 Electrical ageing of the turn insulation

In
st
is
dd
1=

In
sy
th

normal direct-on-line operation of rotating machines the turn insulation is subjected to

Fess significantly below the partial discharge inception voltage. Continuous_electrical ageing

then not taking place and turn insulation qualification is therefore exchWided from th
cument. Withstand against transient overvoltage should be tested according
C 60034-15.

converter fed or other types of special operation the turn instfation may continuously
bjected to a stress above the partial discharge inception valtage. Electrical ageing sho
en be performed according to IEC 60034-18-42. |6

4,
4,

Extent of tests

.1 Full evaluation of the mainwall insulatién

The extent of the electrical functional tests will\depend upon the purpose of the evaluation.
full evaluation will be needed where there are’ substantial differences-in-the-compeositions

fr

4,

There are situations when it will\be sufficient to carry out reduced evaluation using the minimum

ny
te

C
in
ch
re
or

m the reference and-candidate-systems-8ystem according to IEC 60034-18-1.

5.2 Reduced evaluation of thedmainwall insulation

mber of test specimens and.-the middle voltage level-frem used in the-range—of referen
Sts.

a

is
to

9,>

Ce

bmparison of a candidate insulation system to a reference system, where there are
ended or only minor differences in composition or manufacturing procedures (so-called min
anges, see |IEC 60034-18-1), may be carried out using only one voltage level but with t

ly if the rated voltages are the same for both systems.

4,

5.3 Evaluation of the stress control system

commended.minimum number of test specimens (see 5.2). Reduced evaluation is allowg

o
or
e
d

Annex B defines tests and criteria to evaluate conductive slot coating and stress control coating.


This IS deals only with sinusoidal energized insulation systems. The stress for the turn insulation in this respect is low due to missing PD. Consequently the electrical ageing of the turn insulation has been removed.
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5

Test objects

5.1 Construction of test objects

Test objects should preferably be complete bars or coils made to normal design, material and
manufacturing-standards procedures. Alternatively, they may be constructed to represent the
configuration of the finished winding component to be evaluated and be subjected to the full
normal or intended manufacturing processes. When using separate coils or bars as models,
creepage distances and any necessary voltage grading are to be appropriate to the stresses
applied during testing. A ground electrode should extend the full slot length of the model and

ef

f=n

Sl
cd
lo

Te¢st bars should be designed not to generate flashover betweed the end of stress contiol
cq
of
tr
th

£

jcircle cover at least the-entirecircumference two wide sides of the coil cross-section.

ot models for GVPI systems shall be made from rigid steel plates, not jaying any othpr
mponent inserted than in the actual system present and having a length ‘égtal to that of tie
hgest actual stator.

ating and the end of the conductor of the test bar. For reducifg-excessive electrical stregs
the surface of test bars/coils by applying high voltage. and/or high frequency, special
atment, for example extending stress control coating lengii, can be applied for evaluatipg
mainwall insulation. See also B.5. |7

53993

5.

2  Numberioftest specimens

An adequate number of test specimens shall be aged at each test voltage level in order to

ol

thr gualification of the mainwall insulation per each test voltage level. |9

tain statistical confidence. This number should not be less than-five six bars or three coils fpr

5.3 Initial quality control tests

Before-starting-the-first-ageing-sub-cyele; The following quality control tests shall be performed:

visual inspection of the test specimens;
high-veoltage-tests voltage withstand test according to IEC 60034-1;

dissipation factor test-erfand partial discharge test according to IEC 60034-27-3 and
IEC 60034-27-1 respectively.



Introduction of a GVPI slot model as test object. It is essential that for the test object same components and design features are used as the actual system to be tested. The length of the test samples shall be close or equal to the length of the longest actual stator.

Deleted as test procedure to evaluate turn insulation has been entirely removed.

The minimum test sample number has been increased from five to six bars and defined for coils with a minimum of three coils.
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6 Electrical ageing

6.1 General

It is not practicable to design a single test method that simulates all the interactions between
the various insulation components. For example, to obtain a life curve for the mainwall insulation
system by applying overvoltage would subject the conductive slot coating to excessive stress.
Qualification has therefore been divided into separate test procedures. The primary aim is to
establish the lifetime curve of the mainwall insulation from which the expected lives may be
estimated. The second aim is to establish that the conductive slot coating and the stress control
cqating is suitable for service. 10

6.2 Voltage levels and intended test lives of the mainwall insulation

For full evaluation as described in 4.5.1, at least three power frequency voltages’should e
sglected so that the intended mean time to failure at the highest voltage is about, 100 h, and [at
the lowest voltage-abeve around 5 000 h. For reduced evaluation, where only one voltage Ie\lel

is[required (see 4.5.2), the voltage level should be chosen so that the intended mean time fo
fajlure is about 1 000 h. The alternating voltage applied to the test objects.should be maintaing¢d
within + 3 %.

6.3 Test temperatures during electrical endurance testing-of the mainwall insulation

6.3.1 Electrical ageing at room temperature

frequencies higher than those in the steady-state opérating conditions, in order to accelerafte

EtEctrical ageing is preferably carried out in air at toom temperature at voltages and/pr
effects of electrical stress.

6.3.2 Electrical ageing at elevated temperature

then either external heatlng plates 0t“oven heating are permitted (see also Clause B.5). No e
thpt these two methods may not~produce the same results. The temperature rise due to the
applied electrical stress can affect the results, especially when using increased frequency, and
shall be recorded. If thermal ageing does occur, the testing should follow the procedures [in
IHC 60034-18-33 for multifactor testing.

NOTE Electrical ageing @fthe mainwall insulation under power frequency and elevated temperature up to service
temperature may lead\generally to longer time to failure values compared to tests at room temperature at sape
elgctrical stress levels,

6.3.3 Ageing procedure for the mainwall insulation

The elettrical stress is applied between the stator core or the-outerconductive-layer mock up /
slpt electrode on the surface of the test specimen and the conductors. If the test object is|a
multitdrn coil, both the mainwall insulation and partly the turn insulation are aged by the
electrical stress during this period. However this procedure does not qualify the turn- to turn
insulation. For test procedures with sub-cycles (Clause 7), the duration of these sub-cycles
should be such that approximately ten sub-cycles are performed on a test specimen having a
med|an life. H|gher than power frequency is aIIowed to shorten the test tmesAeuLe*peHenee

Latest experrences wrth the applrcatron of IEC 60034 18 42 show that a frequency of up to 1
000 Hz can be used as shown in 4.4.2. Care should be taken that the dielectric losses do not
increase the temperature of the insulation-se-much-that-the resulis—areaffected beyond the
service temperature to avoid additional thermal ageing effects. (IEC TS 60034-18-33:2010,
Table 1). This is especially important at elevated temperatures. The same frequency should be
used for the candidate and reference insulation system. Increased frequency test results may
only be used for direct comparison if the lives of the systems are affected similarly by the
increase of frequency.


Testing and qualification of the main wall insulation in order to get a live time curve must be different compared to test methods for the stress control system.
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6.4 Maintenance of stress-grading control coatings

A

the earthed semi-conductive slot coating.

of
dq

an
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7.

N
o

Fq
of
b

o]

.2 Voltage tests of the mainwall insulation

stress-grading control coating is usually applied to the outer surface of the coil or bar beyo

- tapes-ora-combination-eofthetweo- During the electrical endurance test of the main insulati

terioration may occur which does not result in insulatioffailure. Remedial action to the stre
ading material and forced air cooling are permitied” during the progress of the volta
durance test on the basis that it is the mainwall ifisulation that is being tested rather than t
Fess grading system.

Diagnostic sub-cycle

1 General

b diagnostic tests are requiredofor the qualification of the mainwall insulation but may
rformed optionally.

llowing each ageing sub“cycle, a diagnostic sub-cycle can be performed. Failure of any p4
the test specimen.during a diagnostic test constitutes failure of the whole system and sh

reported as such)The appropriate voltage tests are selected according to the chosen te
ocedure as pef.4.2.

a diagnostic test on the mainwall insulation is performed it shall be done with a pow,

N,
S
e

e

rt
Al
st

quency AC W|thstand test accordmg to IEC 60034 15. Alternatlvely, a lighting impul$



Simplification of various diagnostic tests for the main wall insulation by deleting sub chapters. All optional diagnostic tests are referred in IEC 60034-15.
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7.3 Other diagnostic tests

8

8.

. dielectric dissipation factor, partial discharges and impulse tgston the turn-to-tuyn
ingulation are examples. An end-point criterion may be established for\each diagnostic test,
w

btional diagnostic measurements may be performed for information or to determine end Jof
5t life. These may replace the voltage tests. Factors such as insulatien \resistance,—legs

th suitable justification reported.

Failures of the mainwall insulation

1 Failure location and verification

T
tr
Z6

FIiIure of a specimen occurs when any electrical breakdown of the mainwall insulation occufs.

is will result in the over-current detection system interrupting current to the high voltage
nsformer. Failure of the insulation-should be verified by re-applying voltage gradually frgm
ro. A specimen insulation failure will'prevent the reapplication of the full test voltage. Locating

the failure site is desirable and_may be undertaken by seeing arcing or heating at the failufe

Si
lo
b
sh

B
oF:
urn
st
cd

[oF:

e as the voltage is raised. Garé shall be taken as locating the failure in applying voltage the
Cal failure area may be additionally damaged and the analysis of the breakdown channel might

more difficult or even impossible. When specimen failure has been verified, the failed sample
ould be isolated to allow testing to continue on the remaining samples.

eakdown under Stress control coating is acceptable, if only one breakdown of all testg¢d
rs/coils at this,location occurs. If there is more than one bar or coil affected with a breakdown
der the sfpess control coating, the number of bars or coils needs to be increased to gt
htistically ehough values for the lifetime of the mainwall insulation away from the stress contfol
ating~{t*is recommended in such a case to review design and manufacturing process for ttis
rtictdar area. 12

8.2 Failed specimen observations

Each failed specimen should be examined to ensure that the failure is valid for statistical
interpretation. This may require some specimen dissection in the area around the insulation
puncture to identify the failure location and its probable cause.



Simplification of various diagnostic tests for the main wall insulation by deleting sub chapters. All optional diagnostic tests are referred in IEC 60034-15.

Explicit definition if an electrical failure under the stress control coating is allowed or not.
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9 Functional evaluation of the mainwall data

9.1 General

The evaluation of the test data should follow the guidelines set out below. Under the assumption
of a Weibull distribution, the appropriate statistical analysis should be applied to calculate the
significance of the candidate sample life with regard to that of the reference sample (see
IEC 62539). In order to avoid introducing new ageing phenomena the maximum test voltage

shall not exceed 4 times Uy.

The general rule is that the candidate insulation system is considered to be qualified if the 90
cqnfidence interval of the used probability distribution of the breakdown time falls above
within that obtained from the reference system (see IEC 60034-18-1).

efample of evalution and interpretation is given in IEC 60034-18-42.

9.2 Full evaluation (same voltage level and same expected service tife)

Electrical endurance graphs of the candidate and the reference system are plotted as a log-I
rejpresentation of the time to failure (t), as a function of the ratio(oftest voltage (U;) and rat

vgltage (Uy), where Uy is the rated voltage of the reference gystem and the candidate syste
The candidate system is qualified if:

a) the upper 90 % confidence limit of the candidate system exceeds the upper 90 % confiden
limit of the reference system over the range of reference system test voltages, or

regression line of the mean values of the‘candidate system-is—steeper has a
slope than that of the reference system:

Ageing results for a candidate systepr*which satisfies condition b) are shown in Figure 1. 4
ejample of a candidate system which fails to qualify in respect of either condition a) or b)|i

shown in Figure 2.

The slope of a modern ipsufation system for instance containing nano particles may change

and case B (Table 1) shal-be used for qualification.

If the reference line, given in Annex A, is used, an interpretation of results isrmandatory. A

b) the lower 90 % confidence limit of the candidate system exceeds or is equal to the low,
90 % confidence limit of the reference system*at the lowest test voltage and thesiepeueMTe
more genfle

er
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U, A
Uy
~..C
3 —~<o0
2,5
P
1,8 4 -
1 10 100 1000 10 000
t (h)
IEQ
Kqy
R ageing data from the reference insulation system\(R) showing the 90 % confidence limits
ageing data from the candidate insulation systém (C) showing the 90 % confidence limits
t time in hours
UJU, ratio of test voltage to rated voltage

N(

TE Abscissa and ordinate are logafithmic based scales. 13

Figure 1 — Comparison of ageing data from candidate (C) and
reference (R) insulation systems showing qualification



Parameter of the abscissa and ordinate have been swapped. Lifetime chart illustrates time on the abscissa and ratio of test voltage to rated voltage on the ordinate.
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IEQ

y

ageing data from the reference insulation system(R) showing the 90 % confidence limits

ageing data from the candidate insulation system (C) showing the 90 % confidence limits

time in hours
Uy ratio of test voltage to rated voltage

TE Abscissa and ordinate are logarnithmic based scales.

Figure 2 —Comparison of ageing data from candidate and
reference insulation systems showing failure to qualify

B Reduced evaluation (same voltage level and same expected service life)

r reduced evaluation using a single voltage (see 4.5.2), the basis of analysis shall be

AS

own in Figure 3, where the 90 % tolerance of the 63 % quantile of the ageing results for t

(o:
th

ndidate/system is compared with the 90 % confidence limits of the reference ageing line

e
t

same-qUantile. If a partial overlap occurs within the voltage range of the ageing tests on the

reference system, as shown by candidate system B, it is qualified. Qualification is not achieved
in|thecase of candidate system A because the measurement is outside the voltage range us¢d

to produce the reference system ageing line. Nor Is qualification achieved In the case of
candidate system C since no overlap occurs. Candidate system D is qualified because the

re

sults exceed those of the reference system.
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ageing data from the reference insulation system\sfiowing the 90 % confidence limits
ageing results for candidate system A (not qualified)
ageing results for candidate system B (qualified)

ageing results for candidate system-O{not qualified)

o O W >» =X

ageing results for candidate system D (qualified)

time in hours

-

U, ratio of test voltage to ratethvoltage

N

NQPTE Abscissa and ordinate+are logarithmic based scales. 13

Figure-3 — Comparison of reduced evaluation test data from four
separate candidate systems with that from the reference system

9.4 Recommended data to be recorded

TTe following items are suggested for inclusion in test records.

e Ambient temperature and humidity in the test area, if the specimens are tested at room
temperature

e Applied voltage, expressed in equivalent r.m.s.

e Frequency of applied voltage in Hertz

e Total endurance time of each sample

e Results of any preliminary or intermediate diagnostic tests or measurements
e Observations of failure locations

e Observations on the nature of failure or of stress-grading damage

e Voltage endurance test temperature, i.e., the temperature of the thermocouples embedded
in the heater plates



Parameter of the abscissa and ordinate have been swapped. Lifetime chart illustrates time on the abscissa and ratio of test voltage to rated voltage on the ordinate.
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e Minimum and maximum test voltage and test temperature during the test

It will also be desirable to include other information, such as the nature of the samples, the
nature of the electrodes and the nature of the stress-grading material.

9.5 Determining qualification for performances different to the reference system

9.5.1 Overview

The first step is to define the expected service life and rated voltage of the candidate system,

gyalification criteria given in Table 1. Caution is recommended when qualifying a candidafte
syistem for a different voltage and/or service life, because of the assumptions implie‘r)' e

approach.
oV

B¢fore proceeding with the evaluation by comparison, it shall be established that|thee regressign
lines of the candidate and reference systems fit the data well (it is rec ended that the
cqrrelation coefficient 2 0,98 according IEC 62539) and there is no indicatio®’ of any change |of
ageing mechanism within the range of test voltage. If either of the regress( lines is non-linegr,
reffer to 9.5.5, where a simple test of linearity is described. 03

Table 1 — Conditions for qualification of can@ate system

Performance relative to Q/
reference system \
Test voltage ( Qualification criteria
Case Voltage level Expected Q
service life O
A Same Same S‘Qer See 9.2
N3
B Same Different Q\Q}\m Following the appropriate adjustments to
- N the candidate system confidence limits (seq
Different Same \‘\Qjmfferent description in the text for each case):
N\
@ 1. Confidence interval of candidate system
. @ shall overlap or exceed the confidence
interval of the reference system.
D Different D|ﬁ@nt Different 2. The candidate system shows continually
improving performance, i.e., the slope of]
\C) its regression line is smaller than or
C)\ equal to the slope of reference system
regression line.

N
Infcomparing e level in relation to life time it is also possible to increase the field strength
i éthmner main insulation at same voltage or increase the voltage level by

by either UQT
mpintaini e same thickness. Care shall be taken with increased electrical field strength s
alpo th&ma system is subject to higher stresses. 14

9.|5.\£</ Case B: Qualification for the same phase to phase voltage and a different
expected service life

To qualify the candidate system for the same phase to phase voltage and a different expected
service life (Table 1, Case B), the candidate system and reference system are tested using the
same test voltage levels.

The candidate confidence limits at each voltage level are shifted on the horizontal axis by an
amount equal to the agreed-upon change in service life, within the range Xg/20 to 20Xy, where
XR is the life of the reference system at each voltage level. The candidate system is qualified if
its shifted confidence intervals is above the reference interval or if the confidence interval is
overlapping than the slope of the candidate system shall be lower or equal to the reference
system.


Introduction of a new qualification procedure for the candidate system with either different voltage level and/or expected service life to the reference system. It allows to use the reference line of the reference system for qualification of the candidate system for three different cases and gives examples for qualification.
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Figure 4 shows an example of a candidate system assessed for qualification for the same
voltage level, and an expected service life double that of the reference system. When the full
candidate system line is decreased by a factor of 2, the 90 % confidence limits overlap those
of the reference. For simplicity, the shift on the horizontal axis is shown for only the confidence
limits at a single voltage level, U,.

4
T A =4 <
K =
(0]
g
> —
U, ®
v, | qu,
U1
Us r Log ¢
y Y
IEC
Kdy
R ageing data from the reference insulation system showith 0 % confidence limits
ageing results for candidate system (qualified) QQ
t time in hours \\
UJU,, ratio of test voltage to rated voltage S\\}
Y
Figure 4 — Candidate system qualified for the same
voltage level %§different expected service life
4\
If the candidate system regressj@ line crosses that of the reference system within the range jof
mpasurement, it is qualified far a higher service life at Ug g only if it demonstrates improved
pgrformance compared tb reference system at Ug g by the required life interval. 15

9.5.3 Case C: %@ﬁ’cation for different voltage level and same expected service lif

(Tlable 1, C ‘C), the candidate system is tested using the voltage levels, which are

T¢ qualify a c gi:date system for a different voltage level and the same expected service life
appropria ﬁ intended voltage in operation.

The %date confidence limits at each voltage level are shifted on the vertical axis by &n
arpe@nt equal to the agreed upon change in voltage level. The candidate system is qualified| if
its Shified confidence inierval overlaps or exceeds that of the reference sysiem or the candidate
system shows continually improving performance, i.e., the slope of its regression line is lower
or equal to the slope of reference system regression line.

Figure 5 shows an example of a candidate system assessed for qualification for the same
expected service life at a 15 % higher voltage level, where the confidence interval for the
candidate tested is shifted back to the voltage level of the reference. When the vertical axis
shift is completed, the confidence intervals overlap or exceed those of the reference system,
whereas Ug g is the voltage level of the reference system and Ug, 45 o, is the intended voltage

level of the candidate.



Detailed procedure to qualify a candidate system with same voltage level as the reference system but with different expected service life.
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Voltage level

Usv15%
Us.r
Kdy
R ageing data from the reference insulation system showing the 90 % confidence | %
ageing results for candidate system (qualified) (bb(
t time in hours QQ
UJUy ratio of test voltage to rated voltage Q)

Figure 5 — Candidate system qualified for{dxigher voltage level
and the same expected seré)ice life 16

life

(Tlable 1, Case D), the candidate syste
tolits intended voltage in operation.

sted using the voltage levels that are appropri
: @

axes. >

<

The candidate confidenc@\\nits at each voltage level are shifted on the horizontal axis by

Xg is the life of the

O

rence system at each voltage level.

arpount e o the agreed upon change in voltage operation level. The candidate system
qyalified s shifted confidence interval overlaps or exceeds that of the reference system
the c ate system shows continually improving performance, i.e., the slope of its regressi
Iire\ wer than or equal to the slope of reference system regression line.

9.6.4 Case D: Qualification for different VOIQ@ level and different expected service

T¢ qualify a candidate system for a differe g%oltage level and a different expected service IaI:e
Qpalification of the candidate syséa‘él is determined by a shift of both the vertical and horizonf

n
arpount equal to thzég'e.ed-upon change in service life, within the range Xg/20 to 20XR, whete

The candigi@s&s’nfidence limits at each voltage level are then shifted on the vertical axis by an

al

S
or
b

Figure 6 shows an example of a candidate system assessed for qualification for double the
expected service life of the reference, at a voltage level 15 % higher the reference. For
simplicity, the shift on the horizontal axis is shown for only the confidence limits at a single
voltage level U,. The same candidate system is also assessed for qualification at a 15 % higher

voltage level, where the confidence interval for the candidate tested using the voltage levels is
shifted back to the voltage level of the reference, where Ug g is the voltage level of the

reference system and U, 45 ¢, is the intended voltage level of the candidate.


Detailed procedure to qualify a candidate system with different voltage level compared to the reference system but with same expected service life.
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Figure 6 — Candidate system qualifietfor a different service life
and different voltage leve the reference 17
A\

9.5.5 Non-linearity of regression lines ‘\\}

<
The candidate and reference systems r@/ respond differently to the combination of agei

fa
o

ctors, resulting in curved regressio Q\es. A slight bend in the graph indicates that more th

e process or failure mechanism iQ’

nces electrical ageing. If a straight line cannot be drayf

within the tolerance bars of all t
th
by

C)O® |
S
%O
S
&

E principal ageing mechani W
obtaining an additional Q\ég

points, the data suggest that there is a significant changeli

ithin the range of test voltage levels. Confirmation of the cur
oint at a lower or intermediate test voltage is recommended.

b

n



Detailed procedure to qualify a candidate system with different voltage level and different service life compared to the reference system.
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Annex A
(normative)

Reference life line for mainwall insulation in the
absence of a manufacturer’s reference life line

Where a reference life line for mainwall insulation is not available for comparison purposes, the
qualification procedure shall be for the manufacturer to generate a candidate endurance life
line for the intended mainwall insulation system using sinewave voltages. At least six specimens
shall be tested at each of 3 voltages. After correction to 50 Hz or 60 Hz using formula Qg of
IHC 60034-18-42:2017, the points shall be plotted to show log (mean life in hours) as a f bN
offlog (normalized voltage). Q

= 4 Q
5™ q/"l,
5 %Sb
b"\
4 Qo)
Q
Q
©
3 <</C)
(X1, Y1) A\
2
(X2, Y2)
¥
xO
1 VA - - .
1E + 01 1E+0€)\\U 1E+03 1E + 04 1E+05 1E + 06
. Log ¢

>

Y1 2,65 @ time to electrical failure
X1 250 OQ‘Ut test voltage
Y4 1,6 Uy Rated voltage phase to phase

Figure A.1 — Reference lifeline for mainwall insulation

Comparison of the measured lifetimes shall be against the reference lifeline shown in
Figure A.1. This lifeline, which is based on electrical ageing being the main ageing factor, is
consistent with those measured at 50 Hz or 60 Hz from mica/epoxy resin systems that have
been shown to give reliable lives in service. Due to older data from various manufactures, only
two life time values for Figure A.1 are available.

NOTE Applying case B or D in using the reference line in Annex A may not be valid, because the line is based on
long life times (normally 30 to 40 years) and electrical ageing is the main ageing factor. 18


A reference lifetime curve has been introduced. This diagram may be used in case no reference line is available. The line has been obtained by numerous data of publications over the past 30-40 years of various known OEMs of large high voltage generators and motors.
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Annex B 19
(informative)

B.1 Electrical ageing of the conductive slot coating

Ageing of conductive slot coating can be described as a successive degradation of the
cqgnau ve malteria daused DY partial d narges. ne conau Ve O oaling systelrr NOWS| a
nqtable dependency not only of the electrical field strength, but also of the applied tempe

in| operation and absolute voltage level. It is therefore associated as multifactor~agei
Adlditionally, larger voltage variations at the terminals as well as ambient stresses/ike’ 0zo
mpy additionally affect the conductive slot coating, but these additional ageing f& s are nfot
pgrt of the qualification.

This document describes electrical ageing under elevated temperature of the conductive slot
cqating carried out at power frequency.

b‘,
$e)
P

Bl2 Electrical ageing of the stress control coating

Ageing of the stress control coating can be described as (%(‘ioration by either too excessiye
syrface electrical stress, too high temperatures or a co >in4tion of both. Furthermore, ageing
oflthe stress control coating is also deteriorated by i a@nzguate contact between stress control
cqating and conductive slot coating. Q&
<

Bf3 Test objects g\\}

For qualification of the stress control s m also a minimum of six bars or three coils shoyld
bg used. é
4\6

Tést objects should preferably bé)complete bars or coils made to normal design, material a;l:d
mpnufacturing procedures. \@J ernatively, they may be constructed to represent the
cqnfiguration of the finishe’%@\/mding component to be evaluated and be subjected to the f{ll
ngrmal or intended mam@cturing processes. When using separate coils or bars as models,
creepage distances aqd -any necessary voltage grading are to be appropriate to the stressgs
applied during test@

Alground el e should cover at least the two wide sides of the coil cross-section. Tle
elpctrode s d be sectioned or shorter than full slot length for conductive slot coating samplgs
to| monité@)ssible deterioration.

&
B{4. Evaluation of the stress control system

The evaluation of the conductive slot coating and stress control coating is not a comparison
between candidate and reference system. The intention of this evaluation is to stress the
conductive slot coating and the stress control coating at a certain electrical field and voltage in
combination with design operating temperature until a defined time has elapsed along with
certain pass criteria. 20



In the previous IS version only qualification of the main wall insulation has been described to test and qualify the entire insulation system. A new method has been introduced (informative) to test and qualify with one test procedure the ageing of the conductive slot and stress control coating. The test has to be done at elevated temperature as temperature, absolute voltage level and electrical stress are the three dominant ageing mechanism.

Different to the qualification of the main wall insulation no comparison method is applied. Instead qualification criteria for maximum deterioration marks in size and number are listed for a 1000h ageing under enhanced voltage and elevated temperature conditions.
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B.5 Ageing procedure for the conductive slot and stress control coating

B.5.1 General

This ageing of the conductive slot coating and the stress control coating includes the
simultaneous application of electrical and thermal stresses.

The electrical stress is applied between the stator core or the mock up / slot electrode on the
surface of the test specimen and the conductors. The thermal stress is applied either by using

arwwmmmwmmm%.
N¢ repair methods for the stress control material is allowed if the stress control system is bé g
tepted. C)®

B|{5.2 Arrangement of temperature control by heater plates ('1/(1/

The heater plates are clamped to the slot-section sides of the specimens. I[»L ecommend d
thpt the plates be at least 10 mm thick and preferable made of aIumlnlu © achieve go¢d
thermal contact along the length of the plates and to enable temperature asurements These
plptes also provide the ground connection to the specimen. Heating,i 'ﬁsrowded by attaching
hgating coils controlled by a thermostat to the outside surface of eaq?balr of plates.

Stress control coating Q)Q
Conductive slot coating Heater plate Tem q,}e Stator bar
/ o

5 ] [ o 7 1 [ 757 I ) ] N

/ a ~
3 ] [ ] ] QV d | ) r

N
Q:\ IHC
o

Figure B.1 - Appllca$n of heater elements to a stator bar

The metal heater plates should tq?mformly distributed over the surface of the slot part of the
bgr or coil with no more than 1 between adjacent plates until the end of the straight part of
the bar or coil.

| c}\“’
The heater plate sections may be attached to the test specimen by suitable threaded rofls
agross each pair ter plates, on which the nuts are tightened. Care should be taken [to
ensure good co between the heater plates and the bar or coil. Temperature sensors fpr
cqntrolling and itoring the specimen temperature shall be placed in holes centrally Iocati)d
afl the edge% the heater plates as shown in Figure B.1. Temperature sensors may be for
inptance ocouples or RTDs. 21

B SQ/C) Heating by means of an oven
AN

Thermal ageing may also be carried out by placing the test objects in an accurately controlled
and monitored oven with forced circulation as described in IEC 60216-4-1. Care has to be taken
for the simultaneously application of high voltage for the combined test procedure that enough
distance between the electrodes and conductor parts at high voltage and the inner oven surface
ensures a safe qualification.

B.5.4 Test parameter

In order to prevent too excessive ageing by applying too high simultaneous stresses to the test
objects Table B.1 provides recommended voltage and temperature parameters.


The arrangement to test and qualify the stress control system of bars or coils with means of heater plates are introduced.
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Table B.1 — Phase to ground test voltages and test temperatures 22

Thermal class °C Test temperature Enhancement ratio for the phase
to ground test voltage
UN/\/s
130 115 2,5
155 140 2,2
180 165 1,9

jon

NOTE |If the limit of temperature stated on the rating plate is lower than the thermal class then this limite
temperature is the base for defining the test temperature.
(@)

T¢st temperature represents the average temperature at the surface of thgﬁgléss con]ol

sylstem in service. For electrical machines operating in thermal class 130A€ ito 180 °C the

syrface temperature in service is usually at least between 10 K to 20 K less?JHis is dependent

on the type of cooling, end winding and stator core design as well as in§\qg't|on design.
4

aljsolute test temperature — higher temperatures lead to faster el cal ageing by overvoltagle.

The acceleration of the stress control system ageing at higher te ratures depends on t?Ee
r

Therefore, for the same acceleration of the slot and stre@ control coating, for high
temperatures lower overvoltage / enhancement factors can sed.

enfhancement ratio as well as the test temperature.Siiall be taken from the numbers given fpr
i nd test temperatures below 130 °C haye

130 °C. From experience, it is known that opera?
a Jow contribution in ageing compared to the a%&i g factor voltage at service condition.

QO
B[{6 Qualification of the stress cq@i@ol system

N

Bl6.1 General A‘\®

A
If the thermal class or limit of temperature stated at Ehé‘ating plate is lower than 130 °C, tlhe

The aim of qualification testin ’@the stress control system is to provide assurance that it will
operate satisfactorily for the uired service life. A satisfactory performance in service is ofe
infwhich partial discharggs)%etween stator core and coil/bar and at the surface of the streps
cqntrol coating is avoide..

B{6.2 Test prC) ure

The specim ‘subject to a simultaneous test procedure using electrical stress at eIevatId
temperat cording to B.5.4 for 1 000 h with sinusoidal voltage, power frequency in operatipn
af|the r d test temperature (Table B.1).

O
B G\Q/ Test pass criteria

No more than two deterioration marks considered as defect per bar or coil leg are allowed on
the outer surface after testing. Deterioration marks are seen as defect, if the diameter is larger
than 1 mm but smaller than 5 mm (Figure B.2). Marks below 1 mm are not interpreted as a
defect, marks above 5 mm diameter do show a major design defect and are hence not allowed.

However, if one deterioration mark with a diameter of less than 5 mm is present on every bar
or coil leg at the same position, the reason for this phenomenon shall be determined and
qualification shall be repeated. 23



Based on the thermal class of the insulation system in °C parameter for the test temperature and for the enhancement of the test voltage are given in Table 1. The parameter are based on experience of some known OEMs, who manufacture large high voltage generators and motors. With given parameters it is possible to differentiate between stress control systems, which fail and those which have no indication of deterioration marks after 1000h testing.

Deterioration for the stress control system is defined by local termination of the black conductive matrix of the conductive slot coating or the normally "grey" SiC matrix of the stress control coating. Usually developed deterioration marks are white spots which grow by applying further temperature and voltage ageing given in table of Clause B.5.4.
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B.7 Examples of deterioration marks at the stress control system

IEC

Figure B.2 — Typical deterioration mark at the condugctjve slot coating
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List of comments

This IS deals explicitly with windings, where partial discharge (PD) occur and the winding can
withstand PD. They are referred as type Il insulation systems.

This IS deals only with windings which are energized by sinusoidal power frequency voltage. For
inverter fed insulation systems IEC 60034-18-41 or IEC 60034-18-42 may be used. If for any
reason no reference curve for the main wall insulation is available, Annex A provides a diagram,
which has been established from publications between the 70s to the 90s of major OEMs.

Change of terms to harmonized terms for the stress control system analogue to the entjre
IEC 60034-18 series.

Deletion of the test procedure table because nature and details of various test procedures’are rjot
clear and designation is not used anymore to differentiate between different type’ of“diagnostic
tests.

OId IS version deals only with procedures to qualify the insulation system by means of testing the
main wall insulation. A new test method has been introduced in Annex B, (informative) to test apd
evaluate conductive slot coating and stress control coating. The intention is that various uger
collect experience, which shall be incorporated in the next revision ofithis IS.

This IS deals only with sinusoidal energized insulation systemsFhe stress for the turn insulatipn
in this respect is low due to missing PD. Consequently the, €lectrical ageing of the turn insulatipn
has been removed.

Introduction of a GVPI slot model as test object. At is' essential that for the test object same
components and design features are used as the actual system to be tested. The length of the
test samples shall be close or equal to the length of the longest actual stator.

Deleted as test procedure to evaluate turn‘insulation has been entirely removed.

The minimum test sample number has been increased from five to six bars and defined for cojls
with a minimum of three coils.

Testing and qualification of thé~main wall insulation in order to get a live time curve must be
different compared to test methods for the stress control system.

Simplification of varigus.diagnostic tests for the main wall insulation by deleting sub chapters. All
optional diagnostic tests are referred in IEC 60034-15.

Explicit definitionnif an electrical failure under the stress control coating is allowed or not.

Parameter.of the abscissa and ordinate have been swapped. Lifetime chart illustrates time on the
abscissaand ratio of test voltage to rated voltage on the ordinate.

IntrodUction of a new qualification procedure for the candidate system with either different voltage
level and/or expected service life to the reference system. It allows to use the reference line |of
the reference system for qualification of the candidate system for three different cases and gives

15

16

17

18

examples Tor qualification.

Detailed procedure to qualify a candidate system with same voltage level as the reference system
but with different expected service life.

Detailed procedure to qualify a candidate system with different voltage level compared to the
reference system but with same expected service life.

Detailed procedure to qualify a candidate system with different voltage level and different service
life compared to the reference system.

A reference lifetime curve has been introduced. This diagram may be used in case no reference
line is available. The line has been obtained by numerous data of publications over the past 30-40
years of various known OEMs of large high voltage generators and motors.
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19

20

In the previous IS version only qualification of the main wall insulation has been described to test
and qualify the entire insulation system. A new method has been introduced (informative) to test
and qualify with one test procedure the ageing of the conductive slot and stress control coating.
The test has to be done at elevated temperature as temperature, absolute voltage level and
electrical stress are the three dominant ageing mechanism.

Different to the qualification of the main wall insulation no comparison method is applied. Instead
qualification criteria for maximum deterioration marks in size and number are listed for a 1000h
ageing under enhanced voltage and elevated temperature conditions.

rranagamaentto-tact an ctracco conteral 1 ofbarceorecoil th asnac-ofh r
TTTeTITt I

hao o daualifictha niral ovctanm oAl m o an
oot Ot StTotCquTtTy trHC-Stroc oo COTtr ooy Ste T O oaro O ConTS it rricar o or e

plates are introduced.

Based on the thermal class of the insulation system in °C parameter for the test temperature apd
for the enhancement of the test voltage are given in Table 1. The parameter are based pn
experience of some known OEMs, who manufacture large high voltage generators‘and motoys.
With given parameters it is possible to differentiate between stress control systems; which fail apd
those which have no indication of deterioration marks after 1000h testing.

Deterioration for the stress control system is defined by local termination.of the black conductiye
matrix of the conductive slot coating or the normally "grey" SiC matrix ofthe stress control coatir|g.
Usually developed deterioration marks are white spots which~grow by applying further
temperature and voltage ageing given in table of Clause B.5.4,
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ROTATING ELECTRICAL MACHINES -

Part 18-32: Functional evaluation of insulation systems (Type Il) -

Electrical endurance qualification procedures for form-wound windings

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization,comprisihg
all national electrotechnical committees (IEC National Committees). The object of IEC is to promete‘international

co-operation on all questions concerning standardization in the electrical and electronic fields. To this end a

hd

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)”). Th

Bir

preparation is entrusted to technical committees; any IEC National Committee interestéd/in the subject dealt wjth

may participate in this preparatory work. International, governmental and non-governmental organizations liaisi
with the IEC also participate in this preparation. IEC collaborates closely with theé\lnternational Organization
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations

g
or

The formal decisions or agreements of IEC on technical matters express, a§ hearly as possible, an international

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 Natio
Committees in that sense. While all reasonable efforts are made, to ensure that the technical content of |

all

al
FC

Publications is accurate, IEC cannot be held responsible for-the way in which they are used or for any

misinterpretation by any end user.

In order to promote international uniformity, IEC Natiémal” Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence betwegn

any IEC Publication and the corresponding nationalcor regional publication shall be clearly indicated in the latt

IEC itself does not provide any attestation of cénformity. Independent certification bodies provide conformfty
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 thellatest edition of this publication.

No liability shall attach to IEC or its~directors, employees, servants or agents including individual experts apd

members of its technical committees'and IEC National Committees for any personal injury, property damage

other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) aphd

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 publications|i

indispensable for the.correct application of this publication.

Attention is drawn tothe possibility that some of the elements of this IEC Publication may be the subject of patgnt

rights. IEC shall n6t be held responsible for identifying any or all such patent rights.

C 60034=18-32 has been prepared by IEC technical committee 2: Rotating machinery. It is an

Internationdl Standard.

Thisssecond edition cancels and replaces the first edition published in 2010. This editipn

constitutes a technical revision.

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

a)
b)
c)
d)
e)

Title modified.

Simplification of clauses.

Reduction in the number of test procedures.
Inclusion of full bars and coils as test objects.

A new clause dealing with failures and failure criteria.
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The text of this International Standard is based on the following documents:

Draft Report on voting

2/2068/FDIS 2/2075/RVD

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

Thretanguage used-forthedevetopment of thisttermatiomat-Standards English————

Allist of all parts in the IEC 60034 series, published under the general title Rotating electridal
mpchines, can be found on the IEC website.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and,developed [in
agcordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
atl www.iec.ch/members_experts/refdocs. The main document types devetoped by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.

The committee has decided that the contents of this document wilkremain unchanged until t:|:e
stpbility date indicated on the IEC website under webstore.ieG:ch in the data related to the
specific document. At this date, the document will be
¢ | reconfirmed,

e | withdrawn,

¢ | replaced by a revised edition, or

e | amended.

IMPORTANT - The 'colour inside!dogo on the cover page of this publication indicate
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.



http://www.iec.ch/members_experts/refdocs
http://www.iec.ch/standardsdev/publications
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INTRODUCTION

IEC 60034-18-1 presents general principles for the evaluation of insulation systems used in
rotating electrical machines.

This document deals exclusively with insulation systems for form-wound windings (Type Il) and
concentrates on electrical functional evaluation.

In IEC 60034-18-42, tests are described for qualification of Type Il insulation systems in
vgltage-source converter operation. I'hese insulation systems are generally used in rotating
mpchines which have form-wound windings, mostly rated above 700 V r.m.s. The two standargls
IHC 60034-18-41 and IEC 60034-18-42 separate the systems into those which are not expectg¢d
to]l experience partial discharge activity within specified conditions in their service lives (Tyie
)| and those which are expected to experience and withstand partial discharge activity in any
part of the insulation system throughout their service lives (Type II).
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ROTATING ELECTRICAL MACHINES -

Part 18-32: Functional evaluation of insulation systems (Type Il) -
Electrical endurance qualification procedures for form-wound windings

1 _Scope

This part of IEC 60034-18 describes qualification procedures for the evaluation of eleetridal
endurance of insulation systems for use in rotating electrical machines using form-wound
windings energized with sinusoidal power frequency voltage. The test procedurescforrthe mgin
wall insulation are comparative in nature, such that the performance of a candidate insulatipn
syistem is compared to that of a reference insulation system with proven service/experience | If
ng reference system is available, the diagram in Annex A is available for use;The qualification
procedures of inverter duty insulation system for form-wound windings can be found |in
IHC 60034-18-42 or IEC 60034-18-41. A new and informative test procedure for the stregs
cqntrol system is introduced and defined in Annex B.

2| Normative references

The following documents are referred to in the text in suchta way that some or all of their contelnt
cqnstitutes requirements of this document. For dated/teferences, only the edition cited appligs.
For undated references, the latest edition of ¢he referenced document (including apy
amendments) applies.

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

IHC 60034-15:2009, Rotating electrical’machines — Part 15: Impulse voltage withstand levdls
ofl form-wound stator coils for rotating-a.c. machines

IHC 60034-18-1:2010, Rotating “electrical machines — Part 18-1: Functional evaluation lof
insulation systems — General-guidelines

IHC TS 60034-18-33:2010, Rotating electrical machines — Part 18-33: Functional evaluation [of
insulation systems =“Test procedures for form-wound windings — Multifactor evaluation py
endurance under simultaneous thermal and electrical stresses

IHC 60034-48=41, Rotating electrical machines — Part 18-41: Partial discharge free electridal
insulation’systems (Type |) used in rotating electrical machines fed from voltage converters| —
Qualification and quality control tests

IEC60034-18-42720t7, Rotating efectricat mmactines — Part 18-42 Partfal discharge resistant
electrical insulation systems (Type Il) used in rotating electrical machines fed from voltage
converters — Qualification tests

IEC 60034-18-42:2017/AMD1:2020

IEC 60034-27-1, Rotating electrical machines - Part 27-1: Off-line partial discharge
measurements on the winding insulation

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

IEC 60216-4-1, Electrical insulating materials — Thermal endurance properties — Part 4-1:
Ageing ovens — Single-chamber ovens
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IEC 62539, Guide for the statistical analysis of electrical insulation breakdown data

3 Terms and definitions

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

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

addresses:

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

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

3

mpainwall insulation

mpin electrical insulation that separates the conductors from the earthed stator/rotor core
mptor and generator windings

3.2
sfrand insulation
electrical insulation that covers each conductor in coils/bars

3.B
turn insulation
elpctrical insulation that separates the conductor turns ffom each other in coils/bars

3.
conductive slot coating

cqnductive paint or tape layer in intimate contaet with the mainwall insulation in the slot porti
of|the coil side, often called semi-conductive coating

Nqgte 1 to entry: The purpose is to prevent paittal discharge from occurring between the coil/bar and the stator co

3.

stress control coating

paint or tape on the surface 6f'the mainwall insulation that extends beyond the conductive s
cqating in high-voltage stator bars and coils

Nqte 1 to entry: The purpose of the coating is to prevent surface discharges near the slot exit or in the end windi
area.

3.6
stress confrol system

generic name for the combination of the conductive slot coating and stress control coating i

high-voltage stator bars and coils

in

DN

ot

ng

3.7
confidence interval

range of values so defined that there is a specified probability that the value of a paramet
(voltage, stress or time) lies within it

3.8

test temperature

temperature of the outer surface of the bar/coil at the straight part of the bar/coil measured wi
an appropriate selected and placed sensor

er

th
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4 General considerations

4.1 Relationship to IEC 60034-18-1

The principles of IEC 60034-18-1 should be followed, unless the recommendations of this
document indicate otherwise.

4.2 Selection and designation of test procedures

Ope_or more of the procedures in this document should be suitable for the majority of
evaluations. Evaluation is usually performed by the manufacturer of the machine/coils or_by|a
thjrd-party laboratory. It is the manufacturer’s responsibility to justify the most suitable
procedure on the basis of past experience and knowledge of the insulation systemsto Ipe
cqmpared.

Following test procedures are described:

¢ | Mainwall insulation

e | Turn insulation only with the main insulation test
¢ [ Conductive slot coating (Annex B)

e | Stress control coating (Annex B)

¢ [ Mainwall insulation, where voltage level and/or life timgdiffers from the reference system
4.3 Reference insulation system

Alreference insulation system should be tested using a test procedure equivalent to that us¢d
fof the candidate system (see IEC 60034-18-1). The reference insulation system should haye
sgrvice experience at not less than 75 % efrthe intended maximum rated voltage of the
cgndidate system. When extrapolation of the insulation thickness is used, information such as
“different insulation thickness at same elegtrical field stress levels by obtaining equal or similar
breakdown time” should be provided.showing the correlation between electrical lifetime and
electrical stress for the different insulation thicknesses. If no reference insulation system |[is
available the diagram in Annex A_shall be used as criterion.

4, Test procedures
441 General

Electrical ageing_tests are usually performed at fixed voltage levels until failure (mainwall
inpulation) or in\.combination with elevated temperature until signs of deterioration occur
(cpnductive slot‘coating system). Statistical evaluation of the results of testing should be
performed.according to IEC 62539.

4.4.2 Electrical ageing of the mainwall insulation

FIUIII Dubh tCGtD, bhaldbtclibt;b t;IIICD tU faHUIc Clt cauh VU:tdyU :CVU: dl'c Ubtdillcd. Thc oy lS
for both the candidate system and the reference system should be reported on a graph, as
shown by the example in Figure 1, and compared. There is no proven physical basis for
extrapolation of this characteristic to the service voltage level Uy/v3, where Un is the r.m.s.
rated phase to phase voltage.

In service, electrical ageing of the mainwall insulation is primarily caused by continuous elec-
trical stress at power frequency. In addition, the insulation is required to withstand transient
overvoltage arising from switching surges or inverter supply. The ability of the mainwall
insulation to withstand transient overvoltage from converter supplies may be demonstrated by
the system’s performance using IEC 60034-18-42.
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This document describes electrical ageing of the mainwall insulation, carried out at power
frequency or higher. In order to keep acceleration of ageing in a linear progression, a maximum
of 10 times of the power frequencies is appropriate. Latest experiences with the application of
IEC 60034-18-42 show that a frequency of up to 1 000 Hz can be used as well. Care shall be
taken that the dielectric losses do not increase the temperature of the insulation beyond the
service temperature to avoid additional thermal ageing effects. (IEC TS 60034-18-33:2010,
Table 1)

4.4.3 Electrical ageing of the stress control system

Inforder to allow a full qualification of the entire insulation system Annex B describes metho{ls
tolqualify the conductive slot coating and stress control coating.

4.4.4 Electrical ageing of the turn insulation

In| normal direct-on-line operation of rotating machines the turn insulation is‘ subjected to|a
stress significantly below the partial discharge inception voltage. Continuous electrical ageing
is| then not taking place and turn insulation qualification is therefore, excluded from tHis
dgcument. Withstand against transient overvoltage should be Mested according [to
IEIC 60034-15.

In| converter fed or other types of special operation the turn insdlation may continuously be
sybjected to a stress above the partial discharge inception(voltage. Electrical ageing should
then be performed according to IEC 60034-18-42.

4.6 Extent of tests

4.5.1 Full evaluation of the mainwall insulation

Trlue extent of the electrical functional tests wil'depend upon the purpose of the evaluation.|A
full evaluation will be needed where there afe substantial differences from the reference system
agcording to IEC 60034-18-1.

4.5.2 Reduced evaluation of themainwall insulation

There are situations when it will be sufficient to carry out reduced evaluation using the minimum
nymber of test specimens _and the middle voltage level used in the reference tests.

Comparison of a candidate insulation system to a reference system, where there are no
infended or only minaer differences in composition or manufacturing procedures (so-called minpr
changes, see IEC 60034-18-1), may be carried out using only one voltage level but with the
recommended_minimum number of test specimens (see 5.2). Reduced evaluation is allowg¢d
only if the rated voltages are the same for both systems.

4.5.3 Evaluation of the stress control system

A

5 Test objects

5.1 Construction of test objects

Test objects should preferably be complete bars or coils made to normal design, material and
manufacturing procedures. Alternatively, they may be constructed to represent the
configuration of the finished winding component to be evaluated and be subjected to the full
normal or intended manufacturing processes. When using separate coils or bars as models,
creepage distances and any necessary voltage grading are to be appropriate to the stresses
applied during testing. A ground electrode should extend the full slot length of the model and
cover at least the two wide sides of the coil cross-section.
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Slot models for GVPI systems shall be made from rigid steel plates, not having any other
component inserted than in the actual system present and having a length equal to that of the
longest actual stator.

Test bars should be designed not to generate flashover between the end of stress control
coating and the end of the conductor of the test bar. For reducing excessive electrical stress
on the surface of test bars/coils by applying high voltage and/or high frequency, special
treatment, for example extending stress control coating length, can be applied for evaluating
the mainwall insulation. See also B.5.

5.2 Number of test specimens
An adequate number of test specimens shall be aged at each test voltage level in(order [to

ohtain statistical confidence. This number should not be less than six bars or three-€ojls for the
gyalification of the mainwall insulation per each test voltage level.

5.8 Initial quality control tests
The following quality control tests shall be performed:

—| visual inspection of the test specimens;
—| voltage withstand test according to IEC 60034-1;
—| dissipation factor and partial discharge test according to IEC 60034-27-3 anpd

IEC 60034-27-1 respectively.

6| Electrical ageing

6. General

It lis not practicable to design a single testimethod that simulates all the interactions betweg¢n
the various insulation components. For example, to obtain a life curve for the mainwall insulatipn
syistem by applying overvoltage would;subject the conductive slot coating to excessive stregs.
Qpalification has therefore been divided into separate test procedures. The primary aim is Jto
egtablish the lifetime curve of the mainwall insulation from which the expected lives may be
egtimated. The second aim is\to.establish that the conductive slot coating and the stress control
cqating is suitable for service-

6.2 Voltage levels'and intended test lives of the mainwall insulation

For full evaluatignyas described in 4.5.1, at least three power frequency voltages should lbe
sglected so thatthe intended mean time to failure at the highest voltage is about 100 h, and [at
the lowest yoltage around 5 000 h. For reduced evaluation, where only one voltage level|is
refquired .(see 4.5.2), the voltage level should be chosen so that the intended mean time fto
fajlureisiabout 1 000 h. The alternating voltage applied to the test objects should be maintaing¢d
within't’3 %.

6.3 Test temperatures during electrical endurance testing of the mainwall insulation
6.3.1 Electrical ageing at room temperature

Electrical ageing is preferably carried out in air at room temperature at voltages and/or
frequencies higher than those in the steady-state operating conditions, in order to accelerate
the effects of electrical stress.
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6.3.2 Electrical ageing at elevated temperature

If the endurance testing is to be performed at elevated temperatures, then either external
heating plates or oven heating are permitted (see also Clause B.5). Note that these two methods
may not produce the same results. The temperature rise due to the applied electrical stress can
affect the results, especially when using increased frequency, and shall be recorded. If thermal
ageing does occur, the testing should follow the procedures in IEC 60034-18-33 for multifactor
testing.

NOTE Electrical agerng of the mainwall msulatron under power frequency and elevated temperature up to service
ten y 3 3 atSa
eld

ctrrcal stress Ievels
6.5.3 Ageing procedure for the mainwall insulation

The electrical stress is applied between the stator core or the mock up / slot electrode on the
syrface of the test specimen and the conductors. If the test object is a multitufn coil, both the
mpinwall insulation and partly the turn insulation are aged by the electrical'stress during this
pegriod. However this procedure does not qualify the turn- to turn insulation, Fer test procedurés
with sub-cycles (Clause 7), the duration of these sub-cycles should be such that approximat
ten sub-cycles are performed on a test specimen having a median\life. Higher than pow

bgyond the service temperature to avoid additional thermal ageing effecfs.
(IEC TS 60034-18-33:2010, Table 1). This is especially, iniportant at elevated temperatur
The same frequency should be used for the candidate and reference insulation system.
Increased frequency test results may only be used\for direct comparison if the lives of tie
systems are affected similarly by the increase of frequency.

6.4 Maintenance of stress control coatings

Alstress control coating is usually applied to the outer surface of the coil or bar beyond the
edrthed conductive slot coating. During the electrical endurance test of the main insulation,
deterioration may occur which does a6t result in insulation failure. Remedial action to the stregs
griading material and forced air-cooling are permitted during the progress of the voltag
endurance test on the basis thatit'is the mainwall insulation that is being tested rather than the
stress grading system.

7| Diagnostic sub-cycle

7. General

No diagnostic tests are required for the qualification of the mainwall insulation but may e
pgrformed-optionally.

FoHowing each ageing sub-cycle, a diagnostic sub-cycle can be performed. Failure of any part
of the test specimen during a diagnostic test constitutes faifure of the whole system and shall
be reported as such. The appropriate voltage tests are selected according to the chosen test
procedure as per 4.2.

7.2 Voltage test of the mainwall insulation

If a diagnostic test on the mainwall insulation is performed it shall be done with a power
frequency AC withstand test according to IEC 60034-15. Alternatively, a lighting impulse
voltage withstand test according to IEC 60034-15 may be used.
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7.3 Other diagnostic tests

Optional diagnostic measurements may be performed for information or to determine end of
test life. These may replace the voltage tests. Factors such as insulation resistance, dielectric
dissipation factor, partial discharges and impulse test on the turn-to-turn insulation are
examples. An end-point criterion may be established for each diagnostic test, with suitable
justification reported.

8 Failures of the mainwall insulation

8. Failure location and verification

Failure of a specimen occurs when any electrical breakdown of the mainwall insulation-occurs.
This will result in the over-current detection system interrupting current to the high voltage
transformer. Failure of the insulation should be verified by re-applying voltage~gradually frgm
zgro. A specimen insulation failure will prevent the reapplication of the full test-voltage. Locating
the failure site is desirable and may be undertaken by seeing arcing or héatihg at the failufe
sife as the voltage is raised. Care shall be taken as locating the failure infapplying voltage tie
logal failure area may be additionally damaged and the analysis of the breakdown channel might
bg more difficult or even impossible. When specimen failure has beenwerified, the failed sample
should be isolated to allow testing to continue on the remaining samples.

Bieakdown under stress control coating is acceptable, if-only one breakdown of all test¢d
bars/coils at this location occurs. If there is more than ong ‘bar or coil affected with a breakdown
unfder the stress control coating, the number of bars ©r coils needs to be increased to get
stptistically enough values for the lifetime of the mainwall insulation away from the stress contiol
cqating. It is recommended in such a case to review design and manufacturing process for tHis
particular area.

8.2 Failed specimen observations

Each failed specimen should be examined to ensure that the failure is valid for statistiqal
inferpretation. This may require some specimen dissection in the area around the insulatipn
puncture to identify the failure location and its probable cause.

9| Functional evaluation‘of the mainwall data

9. General

The evaluation of.the test data should follow the guidelines set out below. Under the assumptipn
ofla Weibull distribution, the appropriate statistical analysis should be applied to calculate t£e

significance\«of the candidate sample life with regard to that of the reference sample (s
IHC 62539). In order to avoid introducing new ageing phenomena the maximum test volta
shall not\exceed 4 times Uy.

The generalrule is that the candidate insulation system is considered to be qualified if the 90 %
confidence interval of the used probability distribution of the breakdown time falls above or
within that obtained from the reference system (see IEC 60034-18-1).

If the reference line, given in Annex A, is used, an interpretation of results is mandatory. An
example of evalution and interpretation is given in IEC 60034-18-42.

9.2 Full evaluation (same voltage level and same expected service life)

Electrical endurance graphs of the candidate and the reference system are plotted as a log-log
representation of the time to failure (t), as a function of the ratio of test voltage (U;) and rated

voltage (Uy), where Uy is the rated voltage of the reference system and the candidate system.
The candidate system is qualified if:
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a) the upper 90 % confidence limit of the candidate system exceeds the upper 90 % confidence
limit of the reference system over the range of reference system test voltages, or

b) the lower 90 % confidence limit of the candidate system exceeds or is equal to the lower
90 % confidence limit of the reference system at the lowest test voltage and the regression
line of the mean values of the candidate system has a more gentle slope than that of the
reference system.

Ageing results for a candidate system which satisfies condition b) are shown in Figure 1. An
example of a candidate system which fails to qualify in respect of either condition a) or b) is
shown in Figure 2.

The slope of a modern insulation system for instance containing nano particles may_ehange
and case B (Table 1) shall be used for qualification.

ZQ‘_,Q

P,5

1,8

Kgy

t

J

A

LA

/

1 10 100 1000 10 000

t (h)
IEQ]

ageing data from the reference insulation system (R) showing the 90 % confidence limits
ageing data from the candidate insulation system (C) showing the 90 % confidence limits

time in hours

U/U) ratio of test voltage to rated voltage

NOTE Abscissa and ordinate are logarithmic based scales.

Figure 1 — Comparison of ageing data from candidate (C) and
reference (R) insulation systems showing qualification
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R ageing data from the reference insulation systemy(R) showing the 90 % confidence limits
ageing data from the candidate insulation system (C) showing the 90 % confidence limits
t time in hours
UJQUy ratio of test voltage to rated voltage
NQTE Abscissa and ordinate are logarithmic based scales.
Figure 2 —Comparison of ageing data from candidate and
reference insulation systems showing failure to qualify
9.8 Reduced evaluation (same voltage level and same expected service life)
For reduced evaluation using a single voltage (see 4.5.2), the basis of analysis shall be as
shown in Figure 3, where the 90 % tolerance of the 63 % quantile of the ageing results for the
cgndidatessystem is compared with the 90 % confidence limits of the reference ageing line [at

the same-quantile. If a partial overlap occurs within the voltage range of the ageing tests on the
reference system, as shown by candidate system B, it is qualified. Qualification is not achieved
in|thecase of candidate system A because the measurement is outside the voltage range us¢d
to produce the reference system ageing line. Nor Is qualification achieved In the case of
candidate system C since no overlap occurs. Candidate system D is qualified because the
results exceed those of the reference system.
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ageing data from the reference insulation system.sfiowing the 90 % confidence limits
ageing results for candidate system A (not qualified)
ageing results for candidate system B (qualified)

ageing results for candidate system-C{not qualified)
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ageing results for candidate system D (qualified)
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NQTE Abscissa and ordinate.are logarithmic based scales.

Figure 3 — Comparison of reduced evaluation test data from four
separate candidate systems with that from the reference system

9. Recommended data to be recorded

The following items are suggested for inclusion in test records.

temperature

e Applied voltage, expressed in equivalent r.m.s.

e Frequency of applied voltage in Hertz

e Total endurance time of each sample

e Results of any preliminary or intermediate diagnostic tests or measurements
e Observations of failure locations

e Observations on the nature of failure or of stress-grading damage

e Voltage endurance test temperature, i.e., the temperature of the thermocouples embedded
in the heater plates
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e Minimum and maximum test voltage and test temperature during the test

It will also be desirable to include other information, such as the nature of the samples, the
nature of the electrodes and the nature of the stress-grading material.

9.5 Determining qualification for performances different to the reference system

9.5.1 Overview

The first step is to define the expected service life and rated voltage of the candidate system,

gyalification criteria given in Table 1. Caution is recommended when qualifying a candidate
syistem for a different voltage and/or service life, because of the assumptions impligitiin the
approach.

Be¢fore proceeding with the evaluation by comparison, it shall be established that|the regression
lifes of the candidate and reference systems fit the data well (it is recotmmended that the
cqrrelation coefficient 2 0,98 according IEC 62539) and there is no indicatior’ of any change |of
ageing mechanism within the range of test voltage. If either of the regression lines is non-linegr,
refer to 9.5.5, where a simple test of linearity is described.

Table 1 — Conditions for qualification of candidate system

Performance relative to
reference system

Test voltage Qualification criteria
Case Voltage level Expected
service life
A Same Same Same See 9.2
B Same Different Same Following the appropriate adjustments to

the candidate system confidence limits (seq

Different Same Different description in the text for each case):

1. Confidence interval of candidate system
shall overlap or exceed the confidence
interval of the reference system.

D Different Different Different 2. The candidate system shows continually

improving performance, i.e., the slope of
its regression line is smaller than or
equal to the slope of reference system
regression line.

Infcomparing voltage level in relation to life time it is also possible to increase the field strength
by either using thinner main insulation at same voltage or increase the voltage level by
mpintaining\the same thickness. Care shall be taken with increased electrical field strength as
alpo the_corona system is subject to higher stresses.

9.5.2 Case B: Qualification for the same phase to phase voltage and a different
expected service life

To qualify the candidate system for the same phase to phase voltage and a different expected
service life (Table 1, Case B), the candidate system and reference system are tested using the
same test voltage levels.

The candidate confidence limits at each voltage level are shifted on the horizontal axis by an
amount equal to the agreed-upon change in service life, within the range Xz/20 to 20Xy, where
Xg is the life of the reference system at each voltage level. The candidate system is qualified if
its shifted confidence intervals is above the reference interval or if the confidence interval is

overlapping than the slope of the candidate system shall be lower or equal to the reference
system.
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Figure 4 shows an example of a candidate system assessed for qualification for the same
voltage level, and an expected service life double that of the reference system. When the full
candidate system line is decreased by a factor of 2, the 90 % confidence limits overlap those
of the reference. For simplicity, the shift on the horizontal axis is shown for only the confidence
limits at a single voltage level, U,.
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y y i
2XR IEC
Kgy
R ageing data from the reference insulation system showing’the90 % confidence limits
ageing results for candidate system (qualified)
t time in hours
UJUy ratio of test voltage to rated voltage
Figure 4 — Candidate system qualified for the same
voltage level and' different expected service life
If the candidate system regressian line crosses that of the reference system within the range [of
measurement, it is qualified for a higher service life at Uz g only if it demonstrates improved
pgrformance compared to-the reference system at U g by the required life interval.

9.5.3 Case C: Qualification for different voltage level and same expected service lif

T¢ qualify a candidate system for a different voltage level and the same expected service life
(Tlable 1, Case* C), the candidate system is tested using the voltage levels, which are
appropriate.to-its intended voltage in operation.

The candidate confidence limits at each voltage level are shifted on the vertical axis by @n
ameunt equal to the agreed upon change in voltage level. The candidate system is qualified| if
its shifted confidence interval overlaps or exceeds that of the reference sysiem or the candidate
system shows continually improving performance, i.e., the slope of its regression line is lower
or equal to the slope of reference system regression line.

Figure 5 shows an example of a candidate system assessed for qualification for the same
expected service life at a 15 % higher voltage level, where the confidence interval for the
candidate tested is shifted back to the voltage level of the reference. When the vertical axis
shift is completed, the confidence intervals overlap or exceed those of the reference system,
whereas Ug g is the voltage level of the reference system and Ug. 45 o, is the intended voltage

level of the candidate.
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R ageing data from the reference insulation system showing the 90 % confidence limits
ageing results for candidate system (qualified)
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UJUy ratio of test voltage to rated voltage

Figure 5 — Candidate system qualified for-achigher voltage level
and the same expected service life

9.5.4 Case D: Qualification for different voltage level and different expected service

life

(Tlable 1, Case D), the candidate system_is\tested using the voltage levels that are appropri
tolits intended voltage in operation.

Qlalification of the candidate system is determined by a shift of both the vertical and horizont

ajes.

amount equal to the agreed-upon change in service life, within the range Xz/20 to 20Xy, wh
Xg is the life of thereference system at each voltage level.

The candidate-confidence limits at each voltage level are then shifted on the vertical axis by an

arpount equalto the agreed upon change in voltage operation level. The candidate system
qualifiedsif-its shifted confidence interval overlaps or exceeds that of the reference system
the candidate system shows continually improving performance, i.e., the slope of its regressi
lifeds Iower than or equal to the slope of reference system regression line.

T¢ qualify a candidate system for a different voltage level and a different expected service QI:e

The candidate confidencé limits at each voltage level are shifted on the horizontal axis by tn
e

al

e

S
or
DN

Figure 6 shows an example of a candidate system assessed for qualification for double the
expected service life of the reference, at a voltage level 15 % higher the reference. For
simplicity, the shift on the horizontal axis is shown for only the confidence limits at a single
voltage level U,. The same candidate system is also assessed for qualification at a 15 % higher

voltage level, where the confidence interval for the candidate tested using the voltage levels is
shifted back to the voltage level of the reference, where Ug g is the voltage level of the

reference system and U, 45 o, is the intended voltage level of the candidate.
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C ageing results for candidate system (qualified)
t time in hours
UJU, ratio of test voltage to rated voltage
Figure 6 — Candidate system qualified{for a different service life
and different voltage level'from the reference
9.6.5 Non-linearity of regression lines

The candidate and reference systems may respond differently to the combination of ageiIg
fagtors, resulting in curved regression-lines. A slight bend in the graph indicates that more than
one process or failure mechanism infléences electrical ageing. If a straight line cannot be drayn
within the tolerance bars of all the, points, the data suggest that there is a significant changel|in
the principal ageing mechanism within the range of test voltage levels. Confirmation of the curye
by obtaining an additional test'point at a lower or intermediate test voltage is recommended.
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Annex A
(normative)

Reference life line for mainwall insulation in the
absence of a manufacturer’s reference life line

Where a reference life line for mainwall insulation is not available for comparison purposes, the
qualification procedure shall be for the manufacturer to generate a candidate endurance life

line for the intended mainwall insulation system using sinewave voltages. At least six specimens
shall be tested at each of 3 voltages. After correction to 50 Hz or 60 Hz using formula (3) [of
IHC 60034-18-42:2017, the points shall be plotted to show log (mean life in hours) as a functipn
ofllog (normalized voltage).
< A
-
5
4
3
(X1,Y1)
2
(X2,Y2)
1 ; ; ; : —
1E + 01 1E + 02 1E + 03 1E + 04 1E + 05 1E + 06
Log ¢
|E
Kqy
Y1 2,65 1 time to electrical failure
X1 250 U, test voltage
Y4 1,6 Uy Rated voltage phase to phase
X4 27000

Figure A.1 — Reference lifeline for mainwall insulation

Comparison of the measured lifetimes shall be against the reference lifeline shown in
Figure A.1. This lifeline, which is based on electrical ageing being the main ageing factor, is
consistent with those measured at 50 Hz or 60 Hz from mica/epoxy resin systems that have
been shown to give reliable lives in service. Due to older data from various manufactures, only
two life time values for Figure A.1 are available.

NOTE Applying case B or D in using the reference line in Annex A may not be valid, because the line is based on
long life times (normally 30 to 40 years) and electrical ageing is the main ageing factor.
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Annex B
(informative)

1 Electrical ageing of the conductive slot coating

Agelng of conductlve slot coatlng can be descrlbed as a successive degradatlon of the

cqr
ng
in

m
oF:

This document describes electrical ageing under elevated temperature of the conductive sl

Cd

B

Ageing of the stress control coating can be described as déterioration by either too excessi

sU
of
cd

B

Fq
b4

Test objects should preferably béycomplete bars or coils made to normal design, material a;l:d
bnufacturing procedures. sAlternatively, they may be constructed to represent the

m
Cd
ng
Cr
af

A
el
to

operation and absolute voltage level. It is therefore associated as multifactor~agein
Adlditionally, larger voltage variations at the terminals as well as ambient stresses/like’ 0zo

by additionally affect the conductive slot coating, but these additional ageing factors are n
rt of the qualification.

ating carried out at power frequency.

2 Electrical ageing of the stress control coating

rface electrical stress, too high temperatures or a combination of both. Furthermore, agei
the stress control coating is also deteriorated by inadequate contact between stress cont
ating and conductive slot coating.

3 Test objects

r qualification of the stress control system also a minimum of six bars or three coils shou
used.

nfiguration of the finished\winding component to be evaluated and be subjected to the f
rmal or intended manufacturing processes. When using separate coils or bars as mode
cepage distances and -any necessary voltage grading are to be appropriate to the stress
plied during testing.

ectrode should be sectioned or shorter than full slot length for conductive slot coating sampl
monitaf possible deterioration.

B

ground electrode should cover at least the two wide sides of the coil cross-section. Tlhe

e

g
ol

Id

i
S!
bS

ES

4. Evaluation of the stress control system

The evaluation of the conductive slot coating and stress control coating is not a comparison
between candidate and reference system. The intention of this evaluation is to stress the
conductive slot coating and the stress control coating at a certain electrical field and voltage in
combination with design operating temperature until a defined time has elapsed along with
certain pass criteria.
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B.5 Ageing procedure for the conductive slot and stress control coating

B.5.1 General

This ageing of the conductive slot coating and the stress control coating includes the
simultaneous application of electrical and thermal stresses.

The electrical stress is applied between the stator core or the mock up / slot electrode on the
surface of the test specimen and the conductors. The thermal stress is applied either by using

arwmwemwmﬂmmm%.
No repair methods for the stress control material is allowed if the stress control system is being

tepted.

B|{5.2 Arrangement of temperature control by heater plates

The heater plates are clamped to the slot-section sides of the specimens. It-is recommendId
thpt the plates be at least 10 mm thick and preferable made of aluminium,to achieve good
thermal contact along the length of the plates and to enable temperature measurements. Thege
plptes also provide the ground connection to the specimen. Heating, is provided by attaching
hegating coils controlled by a thermostat to the outside surface of each/pair of plates.

Stress control coating

Conductive slot coating Heater plate Température Stator bar
/ sensors
s [/ [757 —— .

Figure B.1 — Application of heater elements to a stator bar

The metal heater plates should be uniformly distributed over the surface of the slot part of the
bar or coil with no more than 10°em between adjacent plates until the end of the straight part jof
the bar or coil.

The heater plate sections may be attached to the test specimen by suitable threaded rods
agross each pair of-heater plates, on which the nuts are tightened. Care should be taken [to
ensure good contaet between the heater plates and the bar or coil. Temperature sensors for
cqntrolling andumonitoring the specimen temperature shall be placed in holes centrally Iocat{d
at| the edges)of the heater plates as shown in Figure B.1. Temperature sensors may be for
inptance thermocouples or RTDs.

B|5.3 Heating by means of an oven

Thermal ageing may also be carried out by placing the test objects in an accurately controlled
and monitored oven with forced circulation as described in IEC 60216-4-1. Care has to be taken
for the simultaneously application of high voltage for the combined test procedure that enough
distance between the electrodes and conductor parts at high voltage and the inner oven surface
ensures a safe qualification.

B.5.4 Test parameter

In order to prevent too excessive ageing by applying too high simultaneous stresses to the test
objects Table B.1 provides recommended voltage and temperature parameters.
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Table B.1 — Phase to ground test voltages and test temperatures

Thermal class °C Test temperature Enhancement ratio for the phase
to ground test voltage
UN/\/s
130 115 2,5
155 140 2,2
180 165 1,9

temperature is the base for defining the test temperature.

NOTE If the limit of temperature stated on the rating plate is lower than the thermal class then this limitef

syistem in service. For electrical machines operating in thermal class 130 2€ ito 180 °C the

syrface temperature in service is usually at least between 10 K to 20 K less?This is depend
on the type of cooling, end winding and stator core design as well as insulation design.

The acceleration of the stress control system ageing at higher tempgratures depends on t

temperatures lower overvoltage / enhancement factors can be used.

If the thermal class or limit of temperature stated at the rating plate is lower than 130 °C, t

enhancement ratio as well as the test temperature_shall be taken from the numbers given fpr

130 °C. From experience, it is known that operation.,and test temperatures below 130 °C ha
a Jow contribution in ageing compared to the ageing factor voltage at service condition.

B{6 Qualification of the stress control system

Bl6.1 General

The aim of qualification testingef'the stress control system is to provide assurance that it wi

operate satisfactorily for the fequired service life. A satisfactory performance in service is 0

cqntrol coating is avoided:

Bl6.2 Test procedure

The specimen:is subject to a simultaneous test procedure using electrical stress at elevat
temperature@ccording to B.5.4 for 1 000 h with sinusoidal voltage, power frequency in operati
af|the related test temperature (Table B.1).

B{6.3 Test pass criteria

Te¢st temperature represents the average temperature at the surface of the. stréss con]ol

e
aljsolute test temperature — higher temperatures lead to faster electrical ageing by overvoltagE.
Therefore, for the same acceleration of the slot and stres$ control coating, for high

in|which partial discharges between stator core and coil/bar and at the surface of the stregs

nt

r

he

e

I
ne

8

No more than two deterioration marks considered as defect per bar or coil leg are allowed

on

the outer surface after testing. Deterioration marks are seen as defect, if the diameter is larger
than 1 mm but smaller than 5 mm (Figure B.2). Marks below 1 mm are not interpreted as a
defect, marks above 5 mm diameter do show a major design defect and are hence not allowed.

However, if one deterioration mark with a diameter of less than 5 mm is present on every bar

or coil leg at the same position, the reason for this phenomenon shall be determined a
qualification shall be repeated.

nd
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B.7 Examples of deterioration marks at the stress control system

IEC

Figure B.2 — Typical deterioration mark at the conductive slot coating
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AVANT-PROPOS

La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation compos
de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I''EC). LIEC7a pour objet
favoriser la coopération internationale pour toutes les questions de normalisation dans les domaines
I'électricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie des Normes international
des Spécifications techniques, des Rapports techniques, des Spécifications accessiblés au public (PAS) et d
Guides (ci-aprés dénommeés "Publication(s) de I'lEC"). Leur élaboration est confiée a 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\'lEC, participent également
travaux. L'IEC collabore étroitement avec I'Organisation Internationale.de~Normalisation (ISO), selon d
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 guedes Comités nationaux de I'lEC intéres
sont représentés dans chaque comité d'études.
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Les Publications de I'lEC se présentent sous la forme de d{ecommandations internationales et sont agrééles

comme telles par les Comités nationaux de I'IEC. Tous jles efforts raisonnables sont entrepris afin g
I'lEC s'assure de I'exactitude du contenu technique de se€s/pliblications; I'lEC ne peut pas étre tenue responsa
de I'éventuelle mauvaise utilisation ou interprétation qui eh est faite par un quelconque utilisateur final.

Dans le but d'encourager l'uniformité internationalé, fes Comités nationaux de I'lEC s'engagent, dans toute
mesure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications national
et régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationales
régionales correspondantes doivent étre indiguées en termes clairs dans ces derniéres.

L'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépendar
fournissent des services d'évaluation~de conformité et, dans certains secteurs, accédent aux marques
conformité de I'lEC. L'IEC n'est respohsable d'aucun des services effectués par les organismes de certificati
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 mandatairg
y compris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de I'lE
pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de quelq
nature que ce soits.directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépensg
découlant de la publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de I'lE
ou au crédit quiMui est accordé.

L'attention’est attirée sur les références normatives citées dans cette publication. L'utilisation de publicatio
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'ob
dé droits de brevet. L'lEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits
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L'IEC 60034-18-32 a été établie par le comité d'études 2 de I'lEC: Machines tournantes. |l s'agit
d'une Norme internationale.

Cette deuxiéme édition annule et remplace la premiére 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) modification du titre;

b) simplification des articles;
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diminution du nombre de procédures d'essai;
inclusion de barres et bobines complétes comme éprouvettes;
ajout d'un article qui traite des défaillances et des critéres de défaillance.

Le texte de cette Norme internationale est issu des documents suivants:
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rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayalnt
outi a son approbation.

langue employée pour I'élaboration de cette Norme internationale est I'anglais:

ne liste de toutes les parties de la série IEC 60034, publiées sous le titré’général Machin
ectriques tournantes, se trouve sur le site web de I'lEC.

présent document a été rédigé selon les Directives ISO/IEC, Rartie 2. 1l a été développé
lon les Directives ISO/IEC, Partie 1 et les Directives ISO/IEC,(Supplément IEC, disponiblés
us www.iec.ch/members_experts/refdocs. Les principaux types de documents développés
r I'EC sont décrits plus en détail sous www.iec.ch/standardsdev/publications.

comité a décidé que le contenu de ce document ne,sera pas modifié avant la date de stabilité
diquée sur le site web de I'lEC sous webstore.iec,effdans les données relatives au documejnt
cherché. A cette date, le document sera
reconduit,

supprime,

remplacé par une édition révisée, ou

amendé.

— g —

MPORTANT - Le logo “colour inside"” qui se trouve sur la page de couverture de cett

ublication indiquetqu'elle contient des couleurs qui sont considérées comme utiles E
ne bonne compréhension de son contenu. Les utilisateurs devraient, par conséquent,
mprimer cette(publication en utilisant une imprimante couleur.
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INTRODUCTION

L'IEC 60034-18-1 présente les principes directeurs généraux pour |'évaluation des systémes
d'isolation utilisés dans les machines électriques tournantes.

Le présent document traite uniquement des systémes d'isolation pour les enroulements
préformés (Type Il) et porte sur I'évaluation fonctionnelle électrique.

L'IEC 60034-18-42 décrit des essais pour la qualification des systémes d'isolation de Type Il
e} fonctionnement sur converlisseur de source de fension. Ces sysiémes d'isolalion sdnt
généralement utilisés dans les machines tournantes avec des enroulements préformés; |la
plupart avec une tension efficace assignée supérieure a 700V. Les deux/normes
IHC 60034-18-41 et IEC 60034-18-42 distinguent les systémes pour lesquels unecactivité de
décharge partielle n'est pas attendue dans des conditions spécifiées au cours de leur'durée ge
vie en service (Type |) de ceux prévus pour étre soumis et résister a une activite-de décharge
partielle dans toute partie du systéme d'isolation tout au long de leur durée(de 'vie en servige

(Tlype 11).
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MACHINES ELECTRIQUES TOURNANTES -

Partie 18-32: Evaluation fonctionnelle des systémes d'isolation (Type Il) —
Procédures de qualification de I'endurance électrique
pour enroulements préformés

1| Domaine d'application

L3 présente partie de I'lEC 60034-18 décrit les procédures de qualification pour I'évaluation e
I'gndurance électrique des systémes d'isolation utilisés dans les machines()électriqués
tournantes a enroulements préformés sous tension sinusoidale a la fréquence~d‘alimentation.
Les procédures d'essai pour l'isolation principale sont comparatives, puisquertes’performances
d'in systéme d'isolation candidat sont comparées a celles d'un systéme d'isolation de référenge
dant I'expérience en service a été démontrée. Si aucun systéme de référence n'est disponible,
I'Annexe A décrit un diagramme utilisable. Les procédures de qualification d'un systéme
d'solation d'onduleur pour enroulements préformés peuvent’y'étre consultées dans
I'EC 60034-18-42 ou I'lEC 60034-18-41. Une nouvelle procédure d'essai informative pour
systémes de contrble de contrainte est introduite et définie a I'Annexe B.

2| Références normatives

de leur contenu, des exigences du présent doéument. Pour les références datées, sedle

Les documents suivants sont cités dans le texte dé sorte qu'ils constituent, pour tout ou pa[lie
e

I'ddition citée s'applique. Pour les références.hon datées, la derniére édition du document
référence s'applique (y compris les éventuels amendements).

IHC 60034-1, Machines électriques Stournantes — Partie 1: Caractéristiques assignées |et
cqractéristiques de fonctionnement

IHC 60034-15:2009, Machines électriques tournantes — Partie 15: Niveaux de tenue au chpc
électrique des bobines de stator préformées des machines tournantes a courant alternatif

IEC 60034-18-1:2010n\Machines électriques tournantes — Partie 18-1: Evaluation fonctionnelle
des systemes d'isofation — Principes directeurs généraux

IHC TS 60034-18-33:2010, Rotating electrical machines — Part 18-33: Functional evaluation [of
insulation systems — Test procedures for form-wound windings — Multifactor evaluation by
endurance_under simultaneous thermal and electrical stresses (disponible en angldis
squlement)

I Fa¥aVaValV B

€ 60034=18=4t—Machimes—Efectrigues —tourmarntes = FPartie18=4+—Systemes—disofation
électrique sans décharge partielle (Type 1) utilisés dans des machines électriques tournantes
alimentées par des convertisseurs de tension — Essais de qualification et de contréle qualité

IEC 60034-18-42:2017, Machines électriques tournantes — Partie 18-42: Systémes d'isolation
électrique résistants aux décharges partielles (Type 1l) utilisés dans des machines électriques
tournantes alimentées par convertisseurs de tension — Essais de qualification

IEC 60034-18-42:2017/AMD1:2020

IEC 60034-27-1, Machines électriques tournantes — Partie 27-1: Mesurages a ['arrét des
décharges partielles effectués sur le systeme d'isolation des enroulements
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IEC 60034-27-3, Machines ¢électriques tournantes — Partie 27-3: Mesure du facteur de
dissipation diélectrique sur le systéme d'isolation des enroulements statoriques des machines
électriques tournantes

IEC 60216-4-1, Electrical insulating materials — Thermal endurance properties — Part 4-1:
Ageing ovens — Single-chamber ovens (disponible en anglais seulement)

IEC 62539, Guide for the statistical analysis of electrical insulation breakdown data (disponible
en anglais seulement)

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

L'[SO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utiliségs
en normalisation, consultables aux adresses suivantes:

o | IEC Electropedia: disponible a I'adresse http://www.electropedia.qrg/

¢ | ISO Online browsing platform: disponible a I'adresse http://wwwniso.org/obp

3
isplation principale
isplation électrique principale qui sépare les conducteursndu noyau de rotor/stator relié a|la
tefre dans des enroulements de moteurs et de générateurs

3.p
isplation des brins
isplation électrique qui recouvre chaque conduceteur des bobines/barres

3.B
isplation des spires
isplation électrique qui sépare les unes des autres les spires de conducteur des bobines/barr

%
(2}

Y

rgvétement conducteur del'encoche
cquche conductrice de peinture ou de ruban en contact étroit avec l'isolation principale dans|la
partie d'encoche du cété'des bobines, souvent appelée revétement semiconducteur

Ngte 1 a l'article: _L'objectif est d'empécher les décharges partielles entre la bobine/barre et le coeur du stator.

3.

revétement/de controle de contrainte
pginture~ou ruban sur la surface de l'isolation principale qui s'étend au-dela du revétement
canducteur de I'encoche dans les barres et bobines de stator a haute tension

Note 1 a l'article: Le revétement a pour objet d'empécher les décharges de surface a proximité de la sortie
d'encoche dans la zone des développantes.

3.6

systéme de contrdole de contrainte

nom générique de la combinaison du revétement conducteur de I'encoche et du revétement de
contrdle de contrainte dans les barres et bobines de stator & haute tension

3.7

intervalle de confiance

plage de valeurs définie de telle sorte qu'il existe une probabilité spécifiée que la valeur d'un
parameétre (tension, contrainte ou durée) se situe dans celle-ci
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3.8

température d'essai

température de la surface extérieure de la barre/bobine sur la partie droite de la barre/bobine
mesurée a l'aide d'un capteur diment choisi et placé

4 Considérations générales

4.1 Relation avec I'lEC 60034-18-1

Il [convient de sulvre 1es principes de I''EC 60034-18-T, sauf indication contraire dans, 1es
recommandations du présent document.

4.2 Sélection et désignation des procédures d'essai

Il [convient qu'une ou plusieurs des procédures du présent document soient adaptées a |la
mpjorité des évaluations. L'évaluation est habituellement effectuée par lg) fabricant de |la
mpchine/des bobines ou par un laboratoire tiers. La justification de la procédure la plus adapt¢e
egqt de la responsabilité du fabricant, en s'appuyant sur l'expérience. antérieure et sur $a
cqnnaissance des systémes d'isolation a comparer.

Lgs procédures d'essai suivantes sont décrites:

¢ | isolation principale;

¢ | isolation des spires avec essai de l'isolation principale uniquement;
¢ [ revétement conducteur de I'encoche (Annexe B);

e | revétement de contréle de contrainte (Annexé®B);

e | isolation principale, lorsque le niveau de tension et/ou la durée de vie difféerent par rappgrt
au systéme de référence.

4.3 Systéme d'isolation de référence

Il ponvient de soumettre a I'essai un'systéme d'isolation de référence en utilisant une procédure
d'essai équivalente a celle utilisée’pour le systeme candidat (voir I'lEC 60034-18-1). Il conviglnt
gye le systeme d'isolation de référence ait une performance en service supérieure ou égalela
7% % de la tension assignée maximale prévue du systéme candidat. Lorsqu'une extrapolatipn
de I'épaisseur d'isolation ‘est utilisée, il convient de fournir des informations comme "épaisselur
d'[solation différente_a.des niveaux de contrainte de champ électrique identiques en obtenalnt
une durée jusqu'a fayrupture égale ou similaire", qui indiquent la corrélation entre la durée (e
vig électrique et(laContrainte électrique pour les différentes épaisseurs d'isolation. Si auclin
systéme d'isolation de référence n'est disponible, le diagramme de I'Annexe A doit étre utilisé
cqgmme critere.

4.E Procédures d'essai
441

Généralités

Les essais de vieillissement électrique sont habituellement réalisés a des niveaux de tension
fixes jusqu'a ce qu'une défaillance se produise (isolation principale) ou en combinaison avec
une température élevée jusqu'a ce que des signes de détérioration apparaissent (systéme de
revétement conducteur de I'encoche). Il convient d'effectuer une évaluation statistique des
résultats de I'essai conformément a I'lEC 625309.
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4.4.2 Vieillissement électrique de I'isolation principale

A partir de ces essais, des durées caractéristiques jusqu'a défaillance a chaque niveau de
tension sont obtenues. Il convient de reporter sur une courbe les résultats a la fois du systéme
candidat et du systéme de référence, comme cela est indiqué par I'exemple de la Figure 1, puis
de les comparer. Il n'existe pas de preuve physique de I'extrapolation de cette caractéristique
jusqu'au niveau de tension de service Uy/v/3, ol Un est la tension efficace assignée entre
phases.

Durant le service, le vieillissement électrique de l'isolation principale est principalement di a
urje contrainte électrique continue a la fréquence d'alimentation. De plus, il est exigé que
I'isolation supporte la surtension transitoire qui provient des surtensions de commutation ‘ou'de
I'dlimentation par onduleur. L'aptitude de l'isolation principale a supporter une sdrtension
transitoire qui provient des alimentations par convertisseur peut étre démontrée par lgs
pgrformances du systéme en utilisant I'lEC 60034-18-42.

Le présent document décrit le vieillissement électrique de l'isolation principale, effectué a|la
fré¢quence d'alimentation ou a une fréquence plus élevée. Afin de maintenir I'accélération qu
vigillissement en progression linéaire, un maximum de 10 fois la fréquence d'alimentation ﬂjst
apgproprié. Les derniéres expériences avec l'application de I'lEG,60034-18-42 démontrent
qu'une fréquence inférieure ou égale a 1 000 Hz peut également &tre utilisée. Des précautions
dgivent étre prises pour que les pertes diélectriques n'augmentent pas la température ge
l'isolation au-dela de la température en service afin d'éviter des effets de vieillissement
thermique supplémentaires (IEC TS 60034-18-33:2010, Tableau 1)

4]4.3 Vieillissement électrique du systéme de contréle de contrainte
i

Afin de permettre la qualification compléte de l'intégralité du systéme d'isolation, I'Annexe|B
décrit les méthodes de qualification du revétement conducteur de I'encoche et du revétement
d¢ contrdle de contrainte.

4.[.4 Vieillissement électrique de l'isolation des spires

En fonctionnement normal avec un“démarrage direct sur réseau des machines tournantsgs,
I'isolation des spires est soumiise a une contrainte significativement inférieure au seuil
d'apparition des décharges partielles. Le vieillissement électrique continu n'a donc pas lieu |et
lal qualification de l'isolation:des spires est donc exclue du présent document. Il convient de
squmettre a I'essai la résisfance aux surtensions transitoires conformément a I''EC 60034-1%.

Déns le cas d'unghalimentation par convertisseur ou d'autres types de fonctionnements
spéciaux, l'isolation des spires peut étre continuellement soumise a une contrainte supérieure
au seuil d'apparition des décharges partielles. Il convient alors de procéder au vieillissemelnt
électrique conformément a I'lEC 60034-18-42.

4.5 Etendue des essais

469 Evaluati lotede lisolati incioal

L'étendue des essais fonctionnels électriques dépend de l'objectif de I'évaluation. Une
évaluation compléte est nécessaire lorsqu'il existe des différences substantielles par rapport
au systéme de référence selon I'lEC 60034-18-1.

4.5.2 Evaluation réduite de l'isolation principale

Dans certains cas, il suffit d'effectuer une évaluation réduite en utilisant le nombre minimal
d'échantillons et le niveau de tension médian utilisé dans les essais de référence.
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