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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 machines 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@n 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 d chnology of converter drive/machine systems.

The winding 2 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 i

partial discharge activity during service. It specifies electrical qua

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
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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.
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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 ine™oCce ng at the start of each impulse when
fed from a converter (see Figure

3.15

peak to peak impulse

symbol : U’ pypk @

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

01Up |——

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

oltage enhancement that can occur
smaller U; in Figure 3 is the most

common instantaneous at the machine terminals, there is a
possibility that on rare oc e may occur at the moment of switching
between stages, in which o voltages shown in Figure 3 can occur.

Examples of thn {s that are produced for various rise times and cable lengths in
the case of a 2-levél verter are givensin Figure 4, where the worst case is shown, arising
from an infinite imped 7 this/case, the enhancement to the voltage for an impulse

rise time of 1 00@ [ JNi below about 15 m and only exceeds a factor of 1,2 when
the cable length.i 9
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