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International Standard IEC 60034-18-41 has been prepared by IEC technical committ

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ROTATING ELECTRICAL MACHINES -

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

FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization“com
national electrotechnical committees (IEC National Committees). The object of IEC\ is to p
brnational co-operation on all questions concerning standardization in the electrical and electronic fie
5 end and in addition to other activities, IEC publishes International Standards, Tec€hiical Specific

the subject dealt with may participate in this preparatory work. Internationaly governmental an
ernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates

brising
omote
ds. To
htions,

Chnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter\referred to ag “IEC
blication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intgrested

non-
losely

with the International Organization for Standardization (ISO) in accordance-with conditions determinjed by

ag
Th
co
int
IE

Committees in that sense. While all reasonable efforts aresmade to ensure that the technical content

Pu

eement between the two organizations.

b formal decisions or agreements of IEC on technical matters expressy/as nearly as possible, an intern

brested IEC National Committees.

L Publications have the form of recommendations for intepnational use and are accepted by IEC N

blications is accurate, IEC cannot be held responsible “for the way in which they are used or fi

htional

sensus of opinion on the relevant subjects since each technical committee has representation from all

Ational
bf IEC
br any

miginterpretation by any end user.

In lorder to promote international uniformity, IEC National Committees undertake to apply IEC Publigations
trapsparently to the maximum extent possible in(their national and regional publications. Any divefgence
befween any IEC Publication and the corresponding 'national or regional publication shall be clearly indicated in
thqg latter.

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

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

No| liability shall attach to IEC ‘or)its directors, employees, servants or agents including individual expefts and

mgmbers of its technical committees and IEC National Committees for any personal injury, property dam|
othler damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee

ex
Pu

Attention is drawn te’the Normative references cited in this publication. Use of the referenced publicat
indispensable for.the correct application of this publication.

At
pa

enses arising out ©Of\the publication, use of, or reliance upon, this IEC Publication or any oth
blications.

ention is.drawn to the possibility that some of the elements of this IEC Publication may be the sub
ent rights” IEC shall not be held responsible for identifying any or all such patent rights.
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Rotating machinery.

IEC 60034-18-41 cancels and replaces IEC/TS 60034-18-41 (2006).

The text of this standard is based on the following documents:

FDIS Report on voting
2/1728/FDIS 2/1738/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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NOTE A table of cross-references of all IEC TC 2 publications can be found in the IEC TC 2 dashboard on the
IEC website.

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

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
+ amended.
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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 IEC documents. They divide the systems into those
which are not expected to experience partial discharge activity within specified conditions in
their service lives (Type 1) 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 (the person responsible for
co-ordinating the electrical performance of the entire drive system) shall 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
insuladtion system. The severily is based on the impulse rise time, the peak o peak yvdltage
and, |in the case of Type Il systems, the impulse repetition rate. After installationqf the
converter/machine system, it is recommended that the drive system integrator measurgs the
phasg¢/phase and phase/ground voltages between the machine terminals and ground to ¢heck
for cqmpliance.

IEC §0034-18-41

The [Type | systems are dealt with in this standard. They arer~generally used in rotating
machines rated at 700 V r.m.s. or less and tend to have random wound windings] The
procddures described here are directed at:

— Qualification of the insulation system.
— Type and routine testing of the complete windings©f,service machines.

Befone undertaking any testing, the machine manufacturer shall decide upon the leyel of
sevelity that the system will be required to withstand. The severity is based on how large the
voltage overshoot and how short the impulsefrise time will be at the machine terminals| The
machine designer then makes a choice from\a table in which the range of expected overghoot
voltage is divided into bands. Testing isiperformed at the extreme value of each band. A
defaylt value of 0,3 pus is attributed to_the impulse rise time. Other values of impulse risg time
or vo|tage overshoot are dealt with_as special cases.

In quplification testing, the insulation system is used to construct various representative test
objedts. These are subjected to the range of tests described in IEC 60034-18-21 or
IEC §0034-18-31 with the_addition of a high frequency voltage test and a partial discharge
test. [For the latter, it~may be necessary to use impulse test equipment, as describgd in
IEC/TS 61934. If the"test object is partial discharge free under the specified test conditigns at
the ehd of the sequence of testing, the insulation system is qualified for the severity band that
has heen selected.

Type|and-optional routine tests are performed on complete windings to demonstrate that they
are partial“discharge free under sinewave or impulse voltage conditions (as appropriatg) for
the band of severity that the manufacturer has chosen An impulse voltage insulation class is
then assigned to the machine. A mechanism is described for dealing with special cases.

IEC/TS 60034-18-42

The tests for qualification and acceptance of electrical insulation systems chosen for Type Il
rotating electrical machines are described in this technical specification. These insulation
systems are generally used in rotating machines and tend to have form-wound coils, mostly
rated above 700 V r.m.s. The qualification procedure is completely different from that used for
Type | insulation systems and involves destructive ageing of insulated test objects under
accelerated conditions. The rotating machine manufacturer requires a life curve for the
insulation system that can be interpreted to provide an estimate of life under the service
conditions with converter drive. Great importance is attached to the qualification of any stress
grading system that is used and testing here should be performed under repetitive impulse
conditions. If the insulation system can be shown to provide an acceptable life under the
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appropriate ageing conditions, it is qualified for use. Acceptance testing is performed on coils
made using this insulation system when subjected to a voltage endurance test.
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ROTATING ELECTRICAL MACHINES -

Part 18-41: Partial discharge free electrical insulation systems (Type I)

used in rotating electrical machines fed from voltage converters —
Qualification and quality control tests

1 Scope

This
windi
applig
for cd

It describes qualification tests and quality control (type and routine) tests on represen
samples or on completed machines which verify fitness for operation with voltage s
converters.

This $tandard does not apply to:

2 N

The f
are if
unda
amen

IEC

insulation systems — General guidelines

IEC

insulation systems — Test procedures for wire-wound windings — Thermal evaluatior

class

part of IEC 60034 defines criteria for assessing the insulation system of stator
hgs which are subjected to voltage-source pulse-width-modulation (PWM) -driv
bs to stator/rotor windings of single or polyphase AC machines with insulation sys
nverter operation.

tating machines which are only started by converters,
tating electrical machines with rated voltage < 300V r.m.s.;

tor windings of rotating electrical machines operating at < 200 V (peak).
ormative references

pllowing documents, in whole or inipart, are normatively referenced in this documen
dispensable for its application.. For dated references, only the edition cited applies
ed references, the latest“edition of the referenced document (including
dments) applies.

50034-18-1:2010, Rotating electrical machines — Part 18-1: Functional evaluati

60034-18-21%\ Rotating electrical machines — Part 18-21: Functional evaluatiq

ffication

IEC

insulatinh systems — Test procedures for form-wound windings — Thermal evaluation

60034-18-31, Rotating electrical machines — Part 18-31: Functional evaluatiq

rotor
bs. |t
tems

tative
burce

t and
. For
any

bn of

n of
and

n of

and

classification of insulation systems used in rotating machines

IEC/TS 60034-18-42, 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?

IEC/TS 60034-25:2007, Rotating electrical machines — Part 25: Guidance for the design and
performance of a.c. motors specifically designed for converter supply

1 This TS is in the process of being transformed into an IS.
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IEC/TS 60034-27, Rotating electrical machines — Part 27: Off-line partial discharge
measurements on the stator winding insulation of rotating electrical machines

IEC 60172, Test procedure for the determination of the temperature index of enamelled
winding wires

IEC 60664-1, Insulation co-ordination for equipment within low voltage systems — Part 1:
Principles, requirements and tests

IEC/TS 61800-8, Adjustable speed electrical power drive systems — Part 8: Specification of
voltage aon the power interface

IEC/TS 61934, Electrical insulating materials and systems — Electrical measurementof gartial
dischlarges (PD) under short rise time and repetitive voltage impulses

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

3.1
partial discharge
PD
electric discharge that only partially bridges the insulatian between electrical conductors

Note 1 to entry: It may occur inside the insulation or adjacent tovan electrical conductor.

3.2
partial discharge inception voltage
PDIV
lowegt voltage at which partial discharges are initiated in the test arrangement whep the
voltage applied to the test object is gradually increased from a lower value at which nofsuch
dischiarges are observed

Note 1| to entry: With sinusoidal applied voltage, the PDIV is defined as the r.m.s. value of the voltagd. With
impulse voltages, the PDIV is defined as the peak to peak voltage.

3.3
partial discharge extinction voltage
PDE

voltage at which, partial discharges are extinguished in the test arrangement when the vdltage
applied to the-tést object is gradually decreased from a higher value at which such discharges
are opserved

Note 1| teentry: With sinusoidal applied voltage, the PDEV is defined as the r.m.s. value of the voltagq. With
impulse voltages, the PDEV 1S defined as the peak to peak voltage.

3.4
peak (impulse) voltage
U
p
maximum numerical value of voltage reached during a unipolar voltage impulse (e.g. Up in
Figure 1)

Note 1 to entry: For bi-polar voltage impulses, it is half the peak to peak voltage (see Figure 2).

Note 2 to entry: The definition of peak to peak voltage is clarified in Clause 4.

3.5

steady state impulse voltage magnitude

Ua

final magnitude of the voltage impulse (see Figure 1)
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3.6
volta
Up

ge overshoot

magnitude of the peak voltage in excess of the steady state impulse voltage (see Figure 1)

3.7
peak
U!
pk/
peak

3.8

to peak impulse voltage

pk

to peak voltage at the impulse repetition rate (see Figure 2)

peak
Upis

pl
peak|to peak voltage at the fundamental frequency (see Figure 2)

3.9
repet
RPDI

mininlu\{jm peak-to-peak impulse voltage at which more than five PDDpulses occur o

volta

Note 1
to the

3.10

unipolar impulse

volta

Note 1
the ter

3.11

bipolar impulse

volta
versq

3.12
impu
f
inver
unipd

3.13
impu
tr

to peak voltage
k

itive partial discharge inception voltage

je impulses of the same polarity

to entry: This is a mean value for the specified test time and a testdarrangement where the voltage §
est object is gradually increased from a value at which no partial diseharges can be detected.

je impulse, the polarity of which is either positive or negative

to entry: The term impulse is used to describe the transient stressing voltage applied to the test objg
Im pulse is used to describe the partial discharge(signal.

je impulse, the polarity of which changes alternately from positive to negative of

Ise voltage repetition‘rate

lar or bipolar

Ise rise time

h ten

pplied

ct and

vice

e of the averagetime between two successive impulses of the same polarity, whether

time

3.14

orthe voltage to rise from 10 % to 90 % of its final value (see Figure 1)

electrical insulation system
insulating structure containing one or more electrical insulating materials together with
associated conducting parts employed in an electrotechnical device

3.15

formette
special test model used for the evaluation of the electrical insulation systems for form-wound
windings
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3.16

motorette

special test model used for the evaluation of the electrical insulation systems of random-
wound windings

3.17
(electric) stress
electric field in volts/mm

3.18

rated voltage
Un
voltage assigned by the manufacturer for a specified power frequency operating condition of a
machine and indicated on its rating plate

3.19
impullse voltage insulation class
IvViC
safe peak to peak voltage assigned by the manufacturer in relation te the rated voltage|for a
specified converter-driven machine and indicated in its documentation and on its rating p|ate

3.20
fundamental frequency
first ’fequency, in the spectrum obtained from a Fourier,transform of a periodic time fungtion,
to whiich all the frequencies of the spectrum are referred:

Note 1| to entry: For the purposes of this standard, the fundamental frequency of the machine terminal voliage is
the ong defining the speed of the converter fed machine.

3.21
impullse duration
impuflse width

interyal of time between the first and*last instants at which the instantaneous value pf an
impulse reaches a specified fraction>of its impulse magnitude or a specified threshold.

3.22
jump| voltage
Ui
change in voltage at-the terminals of the machine occurring at the start of each impulse when
fed from a converterv(see Figure 3)

3.23
DC bus voltage
Udc . . . . . . .
voltage.of the intermediate circuit of the voltage converter (dc-link-circuit)

Note 1 to entry: For a two level converter U, is equal to U, in Figure 1.

Note 2 to entry: For a multilevel converter, U, is equal to %2 Upk/pk minus the overshoot in Figure 2.

3.24

overshoot factor

ratio of the voltage appearing at the machine terminals and the voltage at the converter for
each converter level

3.25
power drive system
complete drive module and rotating machine together with the connecting cable if necessary
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Figure 1 — Voltage impulse waveshape parameters

4 Machine terminal voltages arising from convertér operation
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semi
drive

onductor switching characteristics. The voltage“appearing at the terminals of a con

chargcteristics of the power drive system, suchyas,

a) o
b) a
c) fi
d)
e)

berating line voltage of the converter;
chitecture and control regime of thé’converter;
ters between the converter and_machine;

length and type of cable betweeéen them;
design of the machine winding;

f) désign and configuration of the installation.

In or

windi

machine terminals (Clause 7).

The

grour

amplitude and rise time of the voltage at the machine terminals depend upo

rn converter output voltage rise times may be imythe 0,05 us — 2,0 us range due to gower

erter

h machine may be calculated using IEC/TS 61800-8 and depends upon sgveral

jer to apply this)yStandard to the qualification and testing of the insulation systen] of a
hg, it is necessary to specify the required parameters of the voltage appearing at the

n the

ding system, various design aspects of the cable, the machine surge impedance and the
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nverter impulses at the machine terminals are given in Table 1.
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Table 1 — Common ranges of characteristics of the terminal
voltages of converter fed machines

Characteristics Range of values
(depending on ratings, characteristics and
service conditions of the drive system)
Peak/peak voltage 0,5 kV — 7 kV
Impulse rise time 0,05 us — 2,0 pus
Impulse voltage repetition rate 100 Hz — 20 000 Hz
Impulse duration 10 us — 10 000 us
Shape Rectangular
Polarity Unipolar or bipolar
Fundamental frequency 5Hz -1000 Hz
Mean time between impulses 20,6 us

For the purpose of this standard, the symbols in Table 2 are used.

Table 2 — Definition of symbols

Symbol Parameter Units Type of feed
Uine Phase to phase (rated) voltage V r.m.s. Line
Lphase Phase to neutral voltage Vr.m.s. Line
- \/EU Maximum phase/neutral voltage \% Line
max phase
ka,pk Peak to peak voltage \% Converter
Uy DC bus voltage \% Converter

In the case of 2-level or other U'canverters, depending on the rise time of the voltage impulse
at the converter output and<on the cable length and machine impedance, the impulses
genefate voltage overshoots’)at the machine terminals (typically U, up to 2U4. between
phases). The voltage overshoot is created by reflected waves at the interface between fable
and machine or converter'terminals due to surge impedance mismatch. It is fully explaingd by
transmission line and travelling wave theory.

Figure 2 shows the voltage that appears (during one period at the fundamental frequengy) at
the machine terminals when fed from a 3-level converter.



https://iecnorm.com/api/?name=e0bae6a686f9c14fa6b921bde4859602

IEC 60034-18-41:2014 © IEC 2014 -15 -

v
S S S B S S S e W
L\ L\
Upklpk
t
[ [
U'pklpk

\

IEC 056/14

Figure 2 — Five step phase to phase voltage at the terminals
of a machine fed by a 3-level converter

U

IEC 0563/14

Figure 3 — Jump voltage (U;) at the machine terminals associated
with a converter drive

The maximum change in voltage, U;, at the impulse frequency is shown in Figure 3. This
parameter is important in defining the voltage enhancement that can occur across the first or
last coil in the winding. A double jump transition is possible but it is the duty of the drive
system integrator to ensure that the software controlling the converter drive prevents this from
happening.
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n “n” level converter, the phase/phase voltage can be estimated as follows:

Peak/peak fundamental frequency voltage = 2(Uy, + Up)

Peak/peak impulse frequency voltage = Uy./(n—1) + 2U,

The phase/ground values are estimated as follows:

Peak/peak fundamental frequency voltage = 0,7 x 2(Uy. + Up)

Peak/peak impulse frequency voltage = 0,7(Uy/(n=1) + 2Uy)

The jump voltage is given by 0,7(Uy/(n—=1) + Up)

2014
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Figure 4 — Voltage enhancement at the terminals of a motor due to reflection
as a function of cable length for various impulse rise times

winding ~eXperiences short rise time voltage impulses of significant magnitude,
je stresses will be created, for example, in the following locations (Figures 5 and 6)

e between a conductor and ground,

e between adjacent turns in the line-end coil.

high

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 [1]2.

2 Numbers in square brackets refer to the Bibliography.
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1 IEC 0565/14 IEC 0566/14
Key
a phpse insulation / overhang insulation 1 phase t0 phase
b maginwall insulation 2 phase to ground
¢ turn insulation 3 turn to turn
d sldt corona protection

e overhang corona protection (stress grading)

Figure 5 — Example of a random wound design Figure 6 — Example of a form-wound design

5.2 | Voltages stressing the phase/phase insulation

The maximum voltage stress onthe phase/phase insulation is determined by the design o¢f the
windihg and by the characteristies of the phase/phase voltage.

5.3 | Voltages stressing.the phase/ground insulation

The maximum voltage stress on the phase/ground insulation is determined by the design of
the wiinding and by:the characteristics of the phase/ground voltage.

5.4 | Voltages stressing the turn and strand insulation

The electrical stress within the winding insulation is determined by the jump value qf the
phase/ground voltage and the impulse rise time of this voltage at the machine terminals. For
random windings, the distribution of the transient voltage depends upon the relative position
of the individual turns in the slots. Short rise time impulses result in the voltage being
unevenly distributed throughout the coils, with high levels of stress present across the first
turn or turns (depending upon the winding design) of the individual winding phase. In practice,
the first and last turn can be adjacent to each other, in which case the turn/turn voltage can
be almost equal to the voltage drop across the coil. Figure 7 shows the worst case voltage
stressing the turn-to-turn-insulation in a variety of stators as a function of impulse rise time.
The voltage is shown as a proportion of the phase/ground jump voltage. The data has been
obtained from a combination of figures provided in References [2], [3] and [4]. If the
distribution of voltage within the coils as a function of rise time is known by the manufacturer
for a particular design of rotating machine, the data may be used to calculate the fraction of
jump voltage stressing the interturn insulation in the worst case instead of Figure 7. This is
referred to in Table B.6. The jump voltage occurs at both the rising and falling edges of the
phase/ground voltage. The turn/turn voltage experiences the same effect at each edge where
there is either a positive or a negative peak (See Clause B.4.).
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Fraction of jump voltage stressing the turn/turn insulation
Impulse rise time

1,0 is the peak phase/ground jump voltage at the machine terminals.

Figure 7 — Worst case voltage stressing the turn/turn insulation in a variety
of random wound stators.as a function of the rise time of the impulse

Mechanisms of insulation degradation

low voltage, random .or form-wound winding, the conductor insulation has a

thickmess and there is_often some air surrounding the wire. Additionally, in a random w

windi
stres
may

does
creat
woun
erodd

hg the first and-last turns of one or more coils may be adjacent. With sufficient el
5 between turnsy’or to ground or to another phase, the air between the wires or to g
experience,electrical breakdown (that is, a spark) in the air. Since the insulation
not break<down, this spark is called a partial discharge (PD). The electrons and
bd by the discharge in air bombard the wire, ground or phase insulation. In ra

and

d Wy the PD, leading to insulation failure and a shorted coil. Pitting of the wire insu

vitepowders are typicatobservabtemdications—that PD—tasoccurred—mservice

small
ound
Bctric
ound
itself
ions
ndom

d windings, conventional wire insulation is a thin organic film. This film is evenfually

ation
. The

ground insulation of high voltage windings may be attacked by PD but the designer can allow
for the presence of partial discharges by incorporating materials that are resistant to

deter

ioration by them.

A further factor which may influence the life of the insulation is the effect upon dielectric
heating of the higher frequencies associated with the converter waveform. If the coils have
slot corona protection and stress grading, high frequency currents in this material, caused by
the drive, can lead to overheating and deterioration. Both the repetition frequency and the
frequency associated with the rise time of the leading edge will create extra heating through
the dielectric losses in the insulation materials. The most critical regions are the main wall
insulation, the turn/turn insulation and phase to phase insulation.
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6 Types of machine insulation

Two types of winding insulation are defined in IEC 60034-18-41 and IEC 60034-18-42. Type |
winding insulation (Figure 5) is not expected to experience PD activity during its life in any
parts of its electrical insulation. Type Il winding insulation (Figure 6) is likely to have to
withstand PD during its life in some part of its electrical insulation and should therefore
contain materials that resist PD. Machines with a rated voltage < 700 V r.m.s. may have either
Type | or Type Il winding insulation. Above 700 V r.m.s., the winding insulation is usually
Type Il. Manufacturers typically 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 lohger applicable for the insulation sysiem of the winding, although the manufacturef may
still gssign a rated voltage for 50 Hz/60 Hz operation and put it on the rating plate“af the
machine. In order to address this problem, a new definition of impulse voltage insulation |class
is introduced. This is to be specified additionally in the documentation and on the rating|plate
as dgscribed in Annex C. The insulation classification of Type | is determined by the abgence
of pdrtial discharges in service or when subjected to the test procedures-/described in this
standard.

~
[d)]

tress categories for Type | insulation systems used in-converter fed
nachines

=

In ordler to achieve sufficient reliability of the power drive~systems, the electrical stres$ and
the sfrength of its machine winding insulation systems néed to be co-ordinated. Either:

a system supplier takes responsibility for this co-ordination if he supplies a comjplete
power drive system and thereby ensures component compatibility, or

¢ | the drive system integrator shall specify,to the machine designer the voltages that will
appear at the machine terminals, to ensure its fitness for this purpose, or

e | the machine manufacturer shall indicate the voltages for which the winding insulation
system has been designed to operate reliably under specific converter conditions.

This [ information should be included in the purchase specification or in the |offer
documentation of the manufacturer, in addition to the traditional features such as [rated
voltage, thermal class, humidity, etc. Providing all the necessary information on the maghine,
converter and connecting cable is available, the characteristics of the voltages seen 3t the
machine terminals may~be calculated using the methodology described in IEC/TS 61800-8.
Specffically, the limiting values shall be defined for the following parameters of the vqltage
that pppear at the . machine terminals. Repetition frequency is not considered a cfitical
pararpeter in the qualification of Type | insulation systems.

a) The peak.impulse voltage (0 to peak) that is expected to occur at the machine ternpinals
(U, for a*2-level converter as in Figure 1).

b) Thewrise time, f., of the impulses.

Table 3 gives an indication of the degree to which the components of a Type | insulation
system are affected by each of these features of the converter waveform. Note that the critical
influence on turn/turn insulation is a combination of impulse rise time and the jump in impulse
voltage which takes place, AV.
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Table 3 — Influence of features of the machine terminal voltage
on components of Type | insulation systems

Insulation Fundamental Impulse Peak/peak Peak/peak Jump Impulse
component frequency voltage impulse impulse voltage | rise time
repetition voltage voltage
rate (Fundamental (Impulse
frequency) voltage
repetition
rate)
Turn to turn o o o e} ° °
insulation
Mdin wall le) le) ) ® le) o)
insjulation
Phpse/phase o o ° PY o o
insjulation
NQTE O Less significant ® More significant

Expefience has shown that there are only a few combinations of“voltage overshoot and
impulse rise time which are required in practice to satisfy most applications. There are four
overghoot stress categories (Table 4). For the rise time, a default value of 0,3 us is spegified.
Whilg the categories are partly arbitrary in nature, they help 4o qualify insulation systems for
converter operation in voltage classes, similar to the qualification of insulation systems for
temperature classes, according to IEC 60034-18-21, and |IEC 60034-18-31. Wherg the
applitation of the machine is unknown, a stress category.C is recommended. The treatment of
special cases is described in Clause C.2.

Tabljle 4 — Stress categories for Type | insulation systems based on a 2-level convdrter

Stress category Overshoot Impulse rise time ¢,
factor (OF) U /U, o
A — Benign OF <1,1
B — Moderate 1,1<OF <1,5
C — Severe 1,6 <OF <2,0 o3
D — Extreme 2,0<0F <25

The penign level .of_overshoot factor given in Table 4 relates to the case of a conyerter
directly connectedito the machine or through a short cable. However, it is recognised that in
pract|ce a thearéetical value of 1,0 for U,/Uy. cannot generally be met as it would require fthere
to be[ no overshoot at all in the voltage appearing at the machine terminals. In order to [allow
for tHis pfactical consideration, the value for stress category A has been raised by 10|% to
1,10.| The value of 2,0 arises from the condition for a converter connected to the ma
throu - band ; ; H W

purposes. A limit of 2,5 has been applied to the most extreme conditions likely to be
experienced in service. Examples of when this may arise are if regenerative breaking can
occur or in specific crane applications where the earthing arrangement of the converter may
introduce oscillations in the grounding of the converter signal when a single d.c. system is
driving several converters in an extended complex drive system [2]. In Table A.1, the use of
these factors is demonstrated in the calculation of maximum peak voltages for various
overshoot factors.

The qualification and type testing for a particular combination of stress categories should be
performed at the most severe value for the overshoot factor. The tolerance in the value of the
rise time is specified in Clause B.2.


https://iecnorm.com/api/?name=e0bae6a686f9c14fa6b921bde4859602

- 22 - IEC 60034-18-41:2014 © IEC 2014

8 Design qualification and type tests for Type | insulation systems

8.1 General

There are two stages to the testing of electrical insulation for machines to be fed from
converter drives. The first stage is qualification of the materials, insulation system design and
manufacturing technique. For Type | insulation systems, it is carried out using motorettes or
formettes that undergo thermal cycling and conditioning procedures which include mechanical
vibration, moisture exposure and high voltage. Diagnostic tests are performed on these
samples and also on complete windings with the aim of assessing the absence of PD. The
second stage is a type test performed on the complete winding or machine.

On the basis of these qualification and type test results, a machine is assigned an\impulse
voltage insulation class, which defines the maximum allowable voltage in units of Un-strefssing
the parts of the insulation system in converter-fed service (see Annex C).

8.2 | Design qualification test

For the purposes of this standard, a qualification test is used to investigate the capability to
withsfand various stresses. For Type | insulation systems, it is based on PDIV tests before
and after thermal cycling and other tests as defined in IEC 60034218-21 and IEC 60034-18-
31, ap well as voltage stressing at one of the stress category levels defined in Clause 7{ with
the vpltage increased by the appropriate enhancement facter/described in Clause B.3]| It is
only |necessary to perform thermal ageing at any one ©f the three ageing tempergtures
speci{ined in |[EC 60034-18-21 or IEC 60034-18-31 if ¢the thermal class for the insu|ation
systegm has already been determined through testing-ac¢ording to these two standards.

8.3 | Type test

In thg case of Type | insulation systems, PD tests are undertaken to demonstrate the abgence
of pdrtial discharges [5][6]. The complete winding or machine is subjected to the vqltage
apprapriate to the selected stress category (Table 4), enhanced by a factor (Table B.2). For
example, if the application is for a_machine which is to be driven by a voltage wherg the
overghoot factor at the terminals isi1,3 (moderate) the stress factors to be used in calculating
the tgst voltage are 1,5 (oversheot) and 0,3 us (rise time see Clause B.1).

9 Test equipment

9.1 PD measurement at power frequency

A cophventional/taboratory PD measurement device, using either a high voltage coupling
capatitor ora_radio frequency current transformer, can be used when the applied voltage to
the tEst object is a sinusoidal 50 Hz or 60 Hz waveform. Details of the test equipmer{ and

methpds-are presented in IEC/TS 60034-27. Use of 50 Hz or 60 Hz applied voltages together
with theePD test method described in IEC/TS 60034-27 should he reserved for capacitiv

objects such as individual coils, formettes and motorettes.

test

9.2 PD measurement during voltage impulses

Conventional PD test devices for use with 50 Hz/60 Hz voltages, such as described in IEC/TS
60034-27, cannot generally be used when the applied voltage is a short rise time voltage
impulse. A rise time of 0,1 us has a harmonic content with frequencies of more than 3 MHz.
This means that the voltage impulse will have components within the pass band of most
IEC/TS 60034-27 style detectors, resulting in a displayed signal that may be hundreds of
times the magnitude of the partial discharge pulses. For this reason, it is important to ensure
that the partial discharge pulses are distinguished from the high frequency components of the
voltage impulses. In addition, the voltage impulses may be of sufficiently high magnitude to
destroy the electronics of the partial discharge detector.
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To distinguish the partial discharges from the short rise time components of the voltage
impulses, a different type of PD detector is needed. The detector should reduce all frequency
components from the impulse voltage to less than the high frequency components associated
with the partial discharges. The display can be a standard oscilloscope or a pulse magnitude
analyser. Guidance is given in IEC/TS 61934 on the method and equipment to be used. It is
essential that the PD caused by short rise time impulses are separated from any residue of
the impulse voltage. Note that PD remote from the PD sensor may not be detected.

9.3 Voltage impulse generators

Partial discharge tests under impulse voltage conditions require an impulse generator. To
simulg ythe—r Fre v y—the—vo HA gengrator
should be capable of producing a rise time that is equal to 0,3 us + 0,2 us. A larger tolefance
may be acceptable for high capacitance windings (see Clause B.2). The impulse(gengrator
should have a controllable output magnitude from zero volt to the highest voltage required for
the winding voltage rating. When reporting results, the following shall be provided:

a) The PD sensitivity level, background noise level and detection system noise leyel as
defined in IEC/TS 61934.

b) The applied impulse voltage under load (test object) and confirmation of compliance with

T
Figures B.1 and B.2.

c) Alphotographic or digital record of the impulse waveform at the machine terminals.
The presence or absence of the rotor for tests on complete stator windings.

Repofting of the peak/peak voltage of the impulse geperator output and whether it is unipolar
or bipolar is advisable.

9.4 | Sensitivity

In general, the sensitivity of a partial discharge detector falls as the impedance of the| load
decrgases (or its capacitance increases);“As a guide, the sensitivity expected for qualifigation
and [ype tests covered in this standard should be 1 pC per nF of capacitive load at
50 Hz/60 Hz, with a minimum sensijtivity of 1 pC. A measurement system capable of achiEving
this degree of sensitivity is considered to be sufficiently sensitive to undertake PD tests on
indugtive loads when equating:impedances.

9.5 | PD tests
9.5.1 Power frequency voltage

For the purpose)of'this standard, partial discharge freedom is defined as being less than|5 pC
for tyrn/turn samples and for motorettes and formettes when measurements are mage at
50 Hz/60 Hz~ "These values are also the maximum noise levels permitted during
measlurements. The PD test is performed according to the procedures in IEC/TS 60034-27.

9.5.2 Impulse excitation
PD tests with impulse voltages are performed according to IEC/TS 61934. The background

noise level is given in mV. This background noise level and the sensitivity according to
IEC/TS 61934 shall be reported.

10 Qualification of the design of Type | insulation systems

10.1 General

For Type | systems, tests are not carried out to achieve failure by electrical breakdown. The
test samples are subjected to thermal and mechanical cycling as described in IEC 60034-18-
21 and IEC 60034-18-31 together with various electrical withstand tests. After each sub-cycle,
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the test objects are given a partial discharge diagnostic test and the end of test occurs when
the PD inception voltage falls below the specified test voltage for the chosen stress category.

Qualification is by comparison with the performance of a reference system as defined in 4.3 of
IEC 60034-18-1:2010 which has been qualified under the conditions in 10.4. The candidate
shall endure the same, or more, ageing cycles than the reference system without PD
occurring below the specified test value. The inception voltage is the lowest voltage at which
partial discharges can be detected. In the case of power frequency, measurements are made
according to IEC/TS 60034-27, within the limit of sensitivity described in 9.4. In the case of
the PD measurement by impulse voltage, tests are performed according to IEC/TS 61934,
which describes the sensitivity checks and reporting requirements.

Successful service experience may have enabled a manufacturer to assign a stresseatggory
to a machine using a specific design of insulation system. In this case and with theyagregment
of the purchaser, this experience may be used as an alternative way to qualifyrthe” insulation
system for converter-fed applications.

10.2 | Approach
10.2.1 General

Type|l insulation systems are intended for use in the absence jof partial discharge agtivity
throughout their lifetime. It is essential to measure whether partial discharge occurs 3t the
specified test voltage (see Clause B.6). The allowable voltage waveshapes for the different
insulation system components are shown in Table 5Cand Figures B.1 and B.2. Thqg test
samples are to be made using the materials and{ manufacturing methods applicable to
prodyction. They may represent either part of the insdlation system or the insulation system in
total.

10.2.2 Twisted pair or equivalent arrangement

Twisted pairs or parallel adjacent condugtors, in the case of flat wires, may be used for tgsting
turn/turn behaviour in order to establish the voltage stress level to be used between p4grallel
condlictors during the motorette/formette test. Sine and impulse voltages are assumed tq give
equivalent results in terms of-PD inception voltage because the voltage distriution
expefrienced in a complete winding is not represented. Consequently, either voltage wavégform
may be used in testing for PD“inception. The voltage stress shall be raised above the ave¢rage
stres$ per turn expectedtin ‘service to account for the stress concentration described in 5.4.
The test levels specified'in Annex B are peak/peak.

10.2.3 Motorette (random wound) or formette (form-wound)

Thesg models_may be used to represent phase/phase and phase/ground insulation. Turfn/turn
insulationmmay also be represented by the use of parallel conductors, when sinewave vqltage
may pg used ThIS model arrangement should be tested according to Table 5. The applied
£Sses

occurring within the complete machme in service.

10.2.4 Complete windings

This allows phase/phase and phase/ground insulation to be tested. Turn/turn insulation in
conventional windings should be tested by the use of impulse voltage. The advantage of an
impulse wave shape for testing is that all areas of the winding can be stressed in a
representative way, even if the star point is connected. Nevertheless, it is important to take
account of the volt