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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ROTATING ELECTRICAL MACHINES -

Part 18-42: Qualification and acceptance tests for partial
discharge resistant electrical insulation systems (Type Il) used
in rotating electrical machines fed from voltage converters

FOREWORD

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

andardization comprising

this end and in addition to other activities, IEC publishes International Standards
Technical Reports, Publicly Available Specifications (PAS) and Guides

governmental organizations liaising with the IEC also participate i
with the International Organization for Standardization (ISO) A

the latter.

5) IEC provides no arkl g proce
equipment decla

6) All users should e re

7) No liability shall attach_to | i i , employees, servants or agents including individual experts and
members of its te FC National Committees for any personal injury, property damage or
other damage,. of any wnature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising.out o publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications

8) Attention is~dr the Normative references cited in this publication. Use of the referenced publications is
indispensa pplication of this publication

9) Attention is dre e possibility that some of the elements of this IEC Publication may be the subject of
not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a technical
specification when

e the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

e the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC 60034-18-42, which is a Technical Specification, has been prepared by IEC technical
committee 2: Rotating machinery.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
2/1482/DTS 2/1502/RVC

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

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

A list of all parts of IEC 60034 series, under the general title Rotating elect
be found on the IEC website.

achines, can

» transformed into an International standard,
* reconfirmed,

* withdrawn,

* replaced by a revised edition, or

@<®
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INTRODUCTION

The approval of electrical insulation systems for use in rotating electrical machines driven
from voltage converters is set out in two Technical Specifications. They separate the systems
into those which are not expected to experience partial discharge activity within specified
conditions in their service lives (Type |) and those which are expected to withstand partial
discharge activity in any part of the insulation system throughout their service lives (Type Il).
For both Type | and Type Il insulation systems, the drive system integrator should inform the
machine manufacturer what voltage will appear at the machine terminals in service. The
machine manufacturer will then decide upon the severity of the tests appropriate for qualifying
the insulation system. The severity is based on the impulse rise time, the peak to peak
voltage and, in the case of Type Il systems, the impulse repetition rate.

IEC/TS 60034-18-41

IEC/TS 60034-18-42

In this Technical Specification, the acceptance of electrical
insulation systems chosen for Type ) hines are described. These
insulation systems are generally used- ing achines and tend to have form-wound

that used for Type | insulation systems i s destructive ageing of insulated test
objects under accelerated iti er requires a life curve for the insulation
system that can be inte

converter drive. Great He qualification of any stress grading system

that is used and ) srmed under repetitive impulse conditions. If the
insulation syste@ o provide/an acceptable life under the appropriate ageing
conditions, it is qualif . nce testing is performed on coils made using this
insulation system whe i 6ltage endurance test.

This Technicdl ™S i would be read in conjunction with IEC/TS 60034-18-41, which
provides a b C

The winding systems intended for converter-fed machines and converter
technologies are evollng rapidly. In addition, there is on-going research into the best ways to
test such insulation.gystems. It is expected therefore that there will be improvements in these
Technical Specifications over the next few years.
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ROTATING ELECTRICAL MACHINES -
Part 18-42: Qualification and acceptance tests for partial

discharge resistant electrical insulation systems (Type Il) used
in rotating electrical machines fed from voltage converters

1 Scope

This Technical Specification defines criteria for assessing the insulation of stator/rotor
windings of single or polyphase AC machines which are subjected iti

partial discharge activity during service. It specifies electrical qua i 3 ptance
tests on representative samples which verify fitness for > ltage-source
converters.

This document does not apply to:

testing can be used if needed.

2 Normative references

IEC 60034-18-1,
Part 18-1: Genera

IEC/TS 60034-18-4 otating electrical machines — Part 18-41: Qualification and type tests
for Type | electrical insulation systems used in rotating electrical machines when fed from
voltage converters

IEC 60216-3, Electrical insulating materials — Thermal endurance properties — Part 3:
Instructions for calculating thermal endurance characteristics

IEC/TS 61251, Electrical insulating materials — A.C. voltage endurance evaluation -
Introduction

IEC 61800-4, Adjustable speed electrical power drive systems — Part 4: General requirements
— Rating specifications for a.c. power drive systems above 1 000 V a.c. and not exceeding
35 kV

IEC 62068-1, Electrical insulating systems — Electrical stresses produced by repetitive
impulses — Part 1: General method of evaluation of electrical endurance
Documents
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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.

3.1

voltage endurance coefficient

symbol: n

exponent of the inverse power model or exponential model on which the relationship between
life and stressing voltage amplitude for a specific insulation system depends

3.2
life
time to failure

3.3

stress grading material
material generally having a non-linear resistivity chara
stators to reduce the maximum surface electrical stres

e endwindings of

3.4

corona protection material
material which is used to coat a stato
slot discharges

on of the stator core to avoid

3.5
impulse rise time
symbol: t,

[IEC 62068-

3.7
(electric) stress
electric field in V/mm

3.8

rated voltage

symbol: Uy

voltage assigned, generally by the manufacturer, for a specified operating condition of a
machine

3.9

fundamental frequency
first frequency, in the spectrum obtained from a Fourier transform of a periodic time function,
to which all the frequencies of the spectrum are referred

NOTE For the purposes of this Technical Specification, the fundamental frequency of the machine terminal
voltage is the one defining the speed of the converter-fed machine.
Documents
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3.10

steady state voltage impulse magnitude

symbol: U,

final magnitude of the voltage impulse (see Figure 1)

3.1

peak (impulse) voltage

symbol: Up

maximum numerical value of voltage reached during a unipolar voltage impulse (e.g. Up in
Figure 1)

NOTE 1 For bi-polar voltage impulses, it is half the peak to peak voltage (See Figure 2).

NOTE 2 The peak to peak voltage, Uywpk is shown in Figure 2.

3.12
voltage overshoot
symbol: Uy

3.13

impulse repetition frequency

average number of voltage impulses per unit tim
frequency)

3.14

jump voltage
symbol : U,
change in voltage at the terminals of the n@e QCB ng at the start of each impulse when

fed from a converter (see Figure

3.15

peak to peak impulse s

symbol : U’ pwpk @

peak to peak volt i L - ency (See Figure 2)
3.16

peak to peak voltag

symbol : Uy

peak to pé e fundamental frequency (See Figure 2)
3.17

partial discharge

electrical discharge that only partially bridges the insulation between conductors

NOTE It may occur inside the insulation or adjacent to a conductor.
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09U, |——————- Us
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Key

4 Voltage effects from converter operation

power semicon
converter-driven
(see IEC 61800-4), s

e design of the machine winding

e grounding system

In order to apply this Technical Specification to the qualification and testing of the insulation
system of a winding, it is necessary to specify the required parameters of the voltage
appearing at the machine terminals (Clause 6). In the case of 2-level or other U converters,
depending on the rise time of the voltage impulse at the converter output and on the cable
length and machine impedance, the impulses generate voltage overshoots at the machine
terminals. This voltage overshoot is created by reflected waves at the interface between cable
and machine or converter terminals due to impedance mismatch. The voltage appearing at the
machine terminals when fed from a 3-level converter is shown in Figure 2. The figure shows
one cycle at the fundamental frequency.
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u
Upk/pk
t
IEC 1403/08
Figure 2 — Phase/phase voltage at thée\termj a@ne fed by a 3-level converter
Two examples of the maximum change in : imputse frequency, U;, are shown in

Figure 3. This parameter is importan
across the first or last coil in the sta

Examples of the’a@in
the case of a 2-levél

rise time of 1 000
the cable length_i

Full document details: IEC TS 60034-18-42 2008

oltage enhancement that can occur
smaller U; in Figure 3 is the most
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4.2 Electrical stresses in the insulation system of machine windings
4.21 General

If a winding experiences short rise time voltage impulses with significant magnitude, high
voltage stresses will be created in the following locations (Figures 5a and 5b):

— between conductors in different phases,
— between a conductor and ground,

— between adjacent turns, generally in the line-end coil.

Due to space and surface charge creation within the insulation components, the electric
stress is not only defined by the instantaneous voltage itself but also by the peak voltages
that have been stressing the insulation previously. Generally, it has been shown by
experience that, within certain limits valid for drive systems, the stressing parameter is the
peak/peak voltage. This is also the reason why a unipolar voltage produces the same stress
as a bi-polar voltage having a peak/peak voltage of the same value. ocuments
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IEC 1406/08 ,'E'c”;‘;om
Key

a phase insulation /endwinding insulation
b ground insulation

¢ turninsulation

d slot corona protection

e stress grading

4.2.2 Voltages stre
The maximum v '
winding and by the.€ha

4.2.3 Voltages stres

ge stress
by the characteristics of the phase to ground voltage.

The voltage stressing the turn insulation is determined by the jump values of the phase to
ground voltage (amplitude and rise time) and by the design of winding (number of coils,
number and length of the turns). If this voltage is not known, it may be estimated to be the
phase to ground jump voltage divided by the number of turns (for a normal coil) or layers of
the coil (for transverse coils). There is a further enhancement which occurs due to the
travelling wave along the conductor.

5 Type ll insulation systems

If any part of an insulation system is likely to have to withstand PD during its life, it is defined
to be Type Il and should therefore contain materials that resist PD. Typically, machines with a
rated voltage > 700 V use Type Il insulation systems. Manufacturers usually assign a rated
voltage to a machine based on power frequency. This assumes that voltage from the power
supply is 50 Hz or 60 Hz sinusoidal. In the case of machines driven from converters, the
conventional definition of voltage rating is no longer applicable, although the manufacturer
may still assign a rated voltage for 50 Hz or 60 Hz operation and put it on the rati?d(gpﬁgents
e define

the machine. The rating of the insulation system for converter operatior :hould
Document Sharing Hub
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using the stress factors under which its qualification was achieved. The power frequency
rated voltage assigned by the manufacturer to the machine may not be appropriate to the
insulation system when powered from a converter.

6 Stress factors for converter-fed Type Il insulation systems

The converter drive integrator should specify to the machine designer the voltage that will
appear at the machine terminals. This information should be included in the purchase
specification, in addition to the traditional parameters such as rated voltage, thermal class,
humidity, etc. Specifically, the limiting values are to be defined for the following parameters of
the voltage that appear at the machine terminals.

b) Peak to peak voltages of the fundamental and repetition freque
voltages that are expected to occur at the machine terminals.

c) The impulse rise time, ¢,

Table 1 gives an indication of the significance of the feature inal voltage
S having Type Il

above 700 V, there may be slot corona protecti e hich isvdesigned to provide a
grounded screen to the insulated statorwinding i he slot wall. The surface of
the insulation on the conductor is subject to a stres as it emerges from the slot

and, for higher voltage machines, it ma i tress/grading material to avoid the
occurrence of surface arcing. These five—¢

Table 1 -1 eatures, of the converter drive voltage on acceleration
f ageing ‘of components of Type Il insulation systems

Insuldtio néam tal Impulse Fundamental Jump Impulse repetition Impulse
component regquenc repetition frequency voltage frequency pk/pk rise time
N frequency pk/pk voltage voltage (U’pkipk)
Turn to turn \)
insulation o ® O o O ®
Main wall
insulation ® O ® O O O
Corona
protection layer o L4 ® o o o
and stress
grading
NOTE O Less significant ® \ore significant

For insulation systems designed for use under power frequency supply, the long and short-

term effects of rated line-to-ground voltage across the mainwall insulation and along the

length of the stress grading are of principal concern. The turn insulation is generally specified

by the maximum short rise-time surge requirement of the design; such surge events are

generally of very short duration and are relatively infrequent compared with the impulse

repetition rate. For this reason, the acceptance requirements are generally satis ﬁ%{!ments
ability of the mainwall winding to withstand a power frequency withstand test a
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insulation to withstand a surge test. The ability of the system to meet the design life
requirements is usually satisfied by longer-term voltage endurance testing at 50 Hz or 60 Hz.
This endurance test allows the designer to establish the long-term capability of the mainwall
insulation system.

In the case of converter-fed systems, the more complex voltage waveform produced by the
drive will provide a different stress distribution in the winding. The mainwall, stress grading
and corona protection systems are affected by the magnitude of the voltage overshoot, U,
the rate of rise of voltage and the impulse voltage repetition rate. The last of these may
increase dielectric heating in the mainwall insulation, the corona protection layer and the
stress grading material. As the rise time of the impulses decreases, the voltage stress usually
increases on the insulation between adjacent turns on the line end coil of multi-turn coils. The
combination of these factors and their effect on the insulation syst a whole are
extremely difficult to quantify.

7 Qualification and acceptance tests

7.1 General

The second st ~ test this test, complete coils made to production
standard are subjec ' or 60 Hz voltage endurance test. It is performed by

agreement betweep

7.2  Qualif

For the p is Techhical Specification, qualification testing is performed to qualify
the materials, ulesyand processing of an insulation system to resist PD in a winding
under a given.set of stresses. These tests are based on the general procedures for functional
evaluation of | IEC 60034-18-1, according to which the

insulation system intended to be used under converter conditions (candidate system) is
compared to an insulation system having service experience under line-fed conditions or in
converter operation (reference system).

For Type Il insulation systems, the qualification of the mainwall and turn insulation systems is
through voltage endurance testing at room temperature or at elevated temperature (see for
example IEC 60034-18-32). By using different over-voltages or frequencies, a life curve may
be established (Clause 9). Note that interactive ageing mechanisms between turn and
mainwall insulation are ignored in this document. On the basis of the following assumptions,
the life of the insulation system under impulse conditions may be estimated from a life curve,
even though it has been derived from sinusoidal voltage testing.

a) The ageing rate due to impulse and power frequency voltages is the same, provided the
peak/peak values and the number of fundamental voltage cycles are the same.

b) The lifetime exponent, n, is not frequency dependent below 1 kHz.
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Qualification of the stress grading and corona protection systems is undertaken through a
separate ageing test in which a representative sample of insulated winding in a simulated slot
is exposed to impulse voltage stresses similar to those expected in service for a period of
time to determine if any visible damage occurs, such as discolouration or burning.

The use of service experience as an alternative to qualification testing is subject to agreement
between purchaser and manufacturer.

7.3 Acceptance test

In the case of Type Il insulation systems, production coils in simulated slots are subjected to a
50 Hz or 60 Hz sinewave voltage, applied across the mainwall insulation for 250 h with a
peak/peak value equal to the 4,3 times the maximum peak to peak voltage appearing across
the mainwall insulation under converter operation (Annex C). This is~a by
mainwall insulation and a withstand does not imply an acceptable serwi
drive. However, it is feasible to undertake it within the contract pe
the absence of major flaws in the production system.

8 Qualification of turn insulation

8.1 General

The turn insulation in the coils of a machine WI ding from_a sinusoidal power supply
is generally specified according to discrete voltages of high
magnitude and short duration. The coneern n |ns ation design are distinct from

those for the main wall insulation. The eri ' ions and processes used in the
construction of turn insulation may be di e of the main wall.

Depending on the expe
msulatlon may be requ

regarded as pa
of the mainwall i

increasing the-probability of partial discharges between turns. The effect of the expected
phase/ground voltageon the turn insulation will also be dependent on the number of turns in
the coil. In line-fed operation, stochastic high impulse voltages occur which are absent under
converter operation. Therefore, the turn insulation will not get aged electrically in line-fed
operations but it may in converter operations, due to the high impulse repetition frequency.

In general, experience indicates that the stress intensification is greatest between the first
and second turns in line-end coils but it may be possible for waveform reflection to initiate
ageing at sites further into the winding.

8.2 Test methods

The purpose of testing is to show that the electrical life of the turn insulation in service is
acceptable. That is to say, it is expected to last as long as, if not longer than, the mainwall
insulation. Samples will consist of two single turns that are formed as described in 11.2. It is
expected that the manufacturer will know what is the maximum peak/peak voltage to appear
between turns in a particular service application. This value should be increased by a safety
factor, in accordance with the manufacturer’s design rules, to give the basic peak/peak test
voltage, Uy,,. If the maximum peak/peak voltage in service is unknown, it should H9 @8HaAENts

Document Sharing Hub

Full document details: IEC TS 60034-18-42 2008


http://www.avadocuments.com/doc/iec-ts-60034-18-42-2008
http://www.avadocuments.com/doc/iec-ts-60034-18-42-2008

- 18 - TS 60034-18-42 © IEC:2008

that the complete jump voltage may fall across the first coil and so the test voltage is the jump
voltage divided by the number of turns, multiplied by a safety factor. In a transverse design of
coil, Uy, is taken to be the jump voltage divided by the number of layers and multiplied by a
safety factor. An additional enhancement may be included to allow for the voltage developed
along a conductor arising from the travelling wave that is propagated along it. This
enhancement varies with rise time of the impulse.

The testing is in two stages. In the first stage, U;,,, is applied between the two conductors of
the test sample as a 50 Hz or 60 Hz sinusoidal voltage for 60 s. If partial discharge is absent,
it may not be necessary to perform qualification testing. If partial discharge activity is
detected, a voltage endurance test is to be performed. This will consist of applying repetitive
impulses as described in IEC 62068-1 or a sinusoidal voltage at (or above) the repetition
frequency of the converter between the two conductors in the test sampte. until electrical

voltage. The time to failure may be calculated using any common : atistical ‘methods
(see IEC 62539). A graph may then be plotted showing the tim rto turn
insulation as a function of test voltage, as shown in Fig ere\ the\ scales are
logarithmic.

IEC 1408/08

Key

Line 1 life line for turn insulation
Line 2 life line for mainwall insulation
t time to breakdown

U test voltage/U, ., for line 1 or test voltage/U), for line 2

turn

Figure 6 — Life lines of turn and mainwall insulation

This life line may then be compared with the life line for the mainwall insulation and should
show a longer projected lifetime at service voltage. Since it is not practicable to extrapolate
over such a large distance, it is enough that the turn insulation life curve should be equivalent
to, or better than, that for the mainwall. Equivalence is supported by any partial overlap of the
90 % confidence intervals of life values and voltage endurance coefficients of the [P ments
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turn and mainwall insulation for ageing times longer than 1 000 h. It is recognised that a
satisfactory life curve may not be available for comparison purposes. In this case, the
manufacturer is responsible for providing a satisfactory design.

9 Qualification of ground wall insulation systems

9.1 General

Acceleration of the ageing process that leads to electrical failure will be a desirable feature of
the test method used. Care should be taken to avoid introducing a failure mechanism that
would not be present in service. Where acceleration is produced by an increase in voltage
excursion (peak to peak), the technique may change the level of parti ischarge activity

be increased to a level above the fundamental frequency of the power drive s in service.
This is intended to retain the partial discharge activity level and achieve acceleration through
an increased repetition rate. In this approach, there may be an ting of the
insulation due to frequency dependent losses in the material and\th ding system
but this can be reduced by forced air cooling. Localised hot spot temg gasurements
are required in the region where stress control systems are surethat the insulation

material does not exceed the assigned temperature for i

Temperature monitoring may be performed using(an echnique. Temperature
sensitive paints or films are simple but not veéry\a hile_thermocouples may have
electromagnetic pick-up and HV isolatiomdifficultie ive measurement technique,

simply. These limit the operating conditions for the ma ~Monitoring of the ageing process
may be performed at appropriate intervals by m uringwelectrical parameters, such as partial

9.2 Test methods

Techniques for@z s ) jeingare described in IEC 61251, IEC 62068-1 and
IEC 60034-18-32. ey. 3 S

system and on a ft ofn, “alfeady assessed for service life. A commonly used
electrical life mod

L=kxU™M

where:

n is the voltage endurance coefficient;

L is the life of the test object;
U is the applied periodical peak voltage;
k is a constant.

The technique requires testing at three or more over-voltages to enable a graph of log(applied
voltage) to be plotted against log(time to failure). The test voltages should be chosen to
produce mean times to failure ranging from 100 h to 3 000 h. The candidate and reference
systems should be tested under the same conditions, which may involve any prescribed
voltage waveform. Statistical analysis should be performed according to the procedures given
in IEC 62539 in order to establish the mean life under each test condition. The voltage
endurance coefficient is the slope of the regression line (see IEC 60216-3). The life line of the
candidate insulation system should be at least equivalent to that of a reference system tested
at 50 Hz or 60 Hz which has been shown to give an acceptable service life. Equivalence is
supported by any partial overlap of the 90 % confidence intervals of life values and voltage
endurance coefficients of the life lines for candidate and reference systems for ageing longer
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