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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL INSULATING MATERIALS AND SYSTEMS -
GENERAL METHOD OF EVALUATION OF ELECTRICAL ENDURANCE
UNDER REPETITIVE VOLTAGE IMPULSES

FOREWORD

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

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

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, |IEC 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 their national ,and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services''and;'in'some!areas, access' toIEC marks“ef conformity!"IEC’-is not responsible for any
services carried out by independent certification(bodies:

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

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

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

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

International Standard IEC 62068 has been prepared by IEC technical committee 112:
Evaluation and qualification of electrical insulating materials and systems.

This first edition of IEC 62068 replaces IEC 62068-1:2003. It has been re-numbered as
IEC 62068, as decided at the Plenary Meeting of TC 112 in Prague 2011.

The main changes with regard to IEC 62068-1:2003 concern the terms and definitions which
are now aligned, in part, on IEC/TS 61934 [1]1 and IEC/TS 60034-18-42 [2].

1

Figures in square brackets refer to the bibliography.
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The text of this standard is based on the following documents:

FDIS Report on voting
112/234/FDIS 112/242/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.

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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ELECTRICAL INSULATING MATERIALS AND SYSTEMS -
GENERAL METHOD OF EVALUATION OF ELECTRICAL ENDURANCE
UNDER REPETITIVE VOLTAGE IMPULSES

1 Scope

This International Standard applies to electrical equipment, regardless of voltage, containing
an insulation system, which is

— connected to an electronic power supply, and

— requires an evaluation of insulation endurance under repetitive voltage impulses.

This standard proposes a general test procedure to facilitate screening of electrical insulating
materials (EIM) and systems (EIS) and to achieve a relative evaluation of insulation
endurance under conditions of repetitive impulses.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for jts application 4 For datedireferences, only the 'edition cited applies. For
undated references, the latest “edition “of the Treferenced document (including any
amendments) applies.

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

electrical insulating material

EIM

material with negligibly low electric conductivity, used to separate conducting parts at different
electrical potentials

[SOURCE: IEC 60505:2011, definition 3.1.2 [3] 2

3.2

electrical insulation system

EIS

insulating structure containing one or more electrical insulating materials (EIM) together with
associated conducting parts employed in an electrotechnical device

[SOURCE: IEC 60505:2011, definition 3.1.1 [2]

3.3

candidate EIS

EIS under evaluation to determine its electrical endurance when exposed to repetitive voltage
impulses

2 Figures in square brackets refer to the Bibliography.
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3.4

reference EIS

evaluated and established EIS with either a known service experience or a known
comparative functional evaluation under repetitive voltage impulses

3.5

partial discharge

PD

electric discharge that only partially bridges the insulation between electrical conductors

[SOURCE: IEC 60270:2000, definition 3.1 modified [4] — the word "localized" (electrical
discharge) omitted from source definition, and definition shortened to omit reference to "which
can or can not occur adjacent to a conductor". Also the three NOTES after the term have
been omitted]

3.6

partial discharge pulse

current pulse in an object under test that results from a partial discharge occurring within the
object under test

Note 1 to entry: The pulse is measured using suitable detector circuits, which have been introduced into the test
circuit for the purpose of the test.

Note 2 to entry: A detector in accordance with the provisions of this standard produces a current or a voltage
signal at its output related to the PD pulse at its input.

[SOURCE: IEC/TS 61934:2011, definition 3.3, modified — In Note 2 to entry, "provisions" of
this technical specification" edited tolread of this' standard”]

3.7

repetitive partial discharge inception voltage

RPDIV

minimum peak-to-peak impulse voltage at which more than five PD pulses occur on ten
voltage impulses of the same polarity

Note 1 to entry: This is a mean value for the specified test time and a test arrangement where the voltage applied
to the test object is gradually increased from a value at which no partial discharge can be detected.

[SOURCE: IEC/TS 61934:2011, definition 3.4]

3.8

repetitive partial discharge extinction voltage

RPDEV

maximum peak-to-peak impulse voltage at which less than five PD pulses occur on ten
voltage impulses of the same polarity

Note 1 to entry: This is a mean value for the specified test time and a test arrangement where the voltage applied
to the test object is gradually decreased from a value at which PD have been detected.

[SOURCE: IEC/TS 61934:2011, definition 3.5]

3.9

partial discharge inception voltage

PDIV

lowest voltage at which partial discharges are initiated in the test arrangement, when the
voltage applied to the object is gradually increased from a lower value at which no such
discharges are observed
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3.10

partial discharge extinction voltage

PDEV

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

3.11
unipolar impulse
voltage impulse, the polarity of which is either positive or negative

3.12
bipolar impulse
voltage impulse, the polarity of which alternates from positive to negative or vice versa

3.13
impulse-voltage polarity
polarity of the applied impulse, with respect to earth

3.14

impulse-voltage repetition rate

inverse of the time between two successive impulses when the time intervals are the same,
whether unipolar or bipolar

3.15

impulse rise time

1,25 times the time interval between 10-% and 90"% of the ‘zero-to-peak impulse voltage, on
the leading edge of the impulse

3.16

impulse decay time

time interval between the instants at which the instantaneous value of an impulse decreases
from a specified upper value to a specified lower value

Note 1 to entry: Unless otherwise specified, the upper and lower values are fixed at 90 % and 10 % of the impulse
magnitude.

[SOURCE: IEC/TS 61934:2011, definition 3.11]

3.17

impulse width

interval of time between the first and last instants at which the instantaneous value of an
impulse reaches a specified fraction of impulse magnitude or a specified threshold

[SOURCE: IEC/TS 61934:2011, definition 3.12]

3.18
impulse duty cycle
ratio, for a given time interval,of the impulse width to the total time

[SOURCE: IEC/TS 61934-2011, definition 3.13]

3.19

peak partial discharge magnitude

largest magnitude of any quantity related to PD pulses observed in a test object at a specified
voltage following a specified conditioning and test
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Note 1 to entry: For impulse voltage tests, the peak magnitude of the PD is the largest repeatedly occurring PD
magnitude.

[SOURCE: IEC/TS 61934:2011, definition 3.14]

3.20

rate of voltage rise

0,8 times the impulse-voltage magnitude divided by the time interval between the 10 % and
90 % magnitude of the zero-to-peak impulse voltage

3.21

voltage endurance coefficient

VEC

exponent of the inverse power model or exponential model, which together with the coefficient
k, describes the relationship between life and voltage

3.22
life
either time or number of impulses to failure

4 General test procedures

4.1 Overview

Clause 4 describes the general’procedures. for'evaluating the fability of an EIS to resist
deterioration due to repetitive impulse voltages. There are.two methods, depending on the
desired outcome:

a) A screening test can be carried out at a single test voltage to assess alternative EIMs or
different physical_ constructions. by comparison, with, the previously, evaluated EIS. The
purpose is to find the EIM (or construction) which yields better endurance. In addition, a
single EIS can be evaluated at a single test voltage under variable test conditions, such as
different humidity, different impulse repetition rates, etc. to determine the effect of the
variable.

NOTE IEC/TS 60034-18-42 gives an example of a screening test for stator winding stress grading
coating.

b) An endurance test can be conducted to estimate the relationship between impulse voltage
and life for each EIS to be evaluated. The EIS is evaluated at several voltage levels, with
the other conditions being usually constant. A possible relationship between voltage
endurance and voltage magnitude can be represented by an inverse power law:

L=kUu—n (1)

where

L is the time to failure or number of impulses to failure of the test object (at a given
probability);

U is the applied impulse voltage;
n is the voltage endurance coefficient (VEC);

is a constant.

Other relationships are also possible. For example, the exponential model is:
L=Ae—hU (2)

where A and h are constants.
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The results from an impulse electrical endurance or screening test depend on a large number
of factors in addition to the inherent capability of an EIS. These factors shall be specified and
controlled in any impulse-ageing test. Annex A reviews these factors.

The following subclauses describe the general test procedures for impulse screening and
endurance testing. The design and the number of the test object and the impulse-voltage
characteristics depend on the EIS that is being modelled.

4.2 Test object

The test object includes a conductor separated from the earth conductor by electrical
insulation. A greater number of test objects are needed when greater statistical significance is
required to detect small differences. Where practical, a sample consisting of a minimum 5 test
objects per voltage level should be used for each test procedure, as mentioned in 12.3 of
IEC/TS 60034-18-42:2008.

Overheating at stress grading of test objects may be taken into account during endurance test
when repetition frequency of test voltage impulse increases.

4.3 Screening test method
4.3.1 General

Materials and EIS need to be evaluated prior to being designed into a specific product. In
most cases the final form of the impulse [is not known at this stagei, The/screening test defines
a unique set of test conditions and impulse-voltage characteristics to apply to all materials
being evaluated. It is necessarytto ;have, a,common,set; of parameters so that different
materials can be judged on the same basis.

It is also necessary to establish a fixed set of parameters so that evaluation of the effect of
change in parameters ¢can be compared realistically.

4.3.2 Test procedure

A sample of test objects shall be subjected to the specified impulse voltage according to the
voltage endurance procedures of IEC 60727-1 [5]. The use of a trip-current device may be a
suitable means of monitoring specimen failures. In certain types of test objects, other means
of detecting specimen failure may be required. The test conditions selected should take into
account the applicable factors described in Annex A. The impulse-voltage characteristics
should be consistent with those in Clause 5.

The test voltage selected shall be relevant for the failure process being modelled.

4.3.3 RPDIV and RPDEV measurements

The RPDIV and RPDEV shall be measured under impulse voltage, rather than PDIV and
PDEV under power-frequency voltage.

NOTE RPDIV and PPDEV are measured as described in IEC/TS 61934.

As the values of RPDIV and RPDEV may vary significantly depending on the instrument used
to make measurements, the measuring system and the criterion used to establish RPDIV and
RPDEYV should be specified.

4.3.4 Data processing

Time-to-failures shall be processed using the two-parameter Weibull probability distribution.
Either complete or singly censored tests can be carried out (providing that at least (n + 1)/2 [if
n is odd] or (n/2) + 1 [if n is even] of the specimens fail). On the basis of the estimates of the
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scale and shape parameters (the former corresponding to time-to-failure at probability 63,2 %),
the mean and median time-to-failure and number of impulses to failure, as well as failure
percentiles, can be estimated. The maximum likelihood method can be used to estimate scale
and shape parameters. Confidence intervals for the parameters and percentiles can be also
calculated; a probability of 90 % is recommended.

Statistical analysis procedures are described in IEC 62539.

4.3.5 Evaluation

Repeat this screening test for each system to be evaluated or for evaluation of changing a
single parameter. Relative evaluations are then possible by comparing time-to-failure or the
number of impulses to failure at a given probability: the longer time-to-failure or the more
impulses to failure, the better the EIM or EIS performance. This procedure will assist in the
selection of suitable candidates for the design of the equipment EIM or EIS.

4.4 Endurance test method
4.4.1 Reference EIS

Select at least 3 different impulse-voltage levels for performing the test, which are higher than
the expected service stress (for the purpose of test acceleration). The difference between
consecutive voltage levels should be at least 10 %. Referring to Formula (1), if » is known to
be higher than 15, then consecutive voltage levels can be different by less than 10 %. The
voltage levels are selected, in order, that the failure processes remain the same in the test
voltage range. Failure’ processes/ shall'“not "differ from " those'encountered in operating
conditions by the EIS under test Different failure processes can be distinguished, for example,
by microscopic examination of the failure sites‘as-well ‘as by a change in the slope of the plot
of log voltage versus log number of impulses to failure (or log time-to-failure) due, for example,
to test voltage levels in part above or below RPDIV)

Perform the endurance test on eachctestiobject; @t'the’'selected voltages, and determine the
number of impulses to failure or the time-to-failure. Process the number of impulses to failure
or time-to-failure (for complete or censored tests) using the two-parameter Weibull function
(see 4.3.4). Estimate the scale parameter values (either median, mean, or another prescribed
percentile) obtained at each test-voltage level and plot them in a log-log or log-linear (semi-
log) coordinate systems3.

4.4.2 Comparison test

After a reference EIS endurance curve has been established, another candidate EIS can be
evaluated using the same test procedure and test voltages.

A comparison of the VEC for each candidate to the reference EIS indicates the relative
degradation caused by the impulse voltage. Furthermore, the time-to-failure or number of
impulses to failure, at a given probability, obtained at the lowest test voltage can be compared.
The greater the difference between the candidate and the reference system, the better is the
expected endurance of the candidate EIM or EIS under operating conditions, assuming the
candidate EIM or EIS requires more impulses to failure. The statistical methods given in
IEC 62539 can be used to assess significant differences. It is recommended that the

3 Draw a lifeline (calculated by a regression technique) for each examined EIS using a log-log plot according to
Formula (1). If a straight line is not obtained (correlation coefficient <0,85), a semi-log coordinate system can
be used where the log of either the number of impulses or number of minutes to failure is plotted versus voltage.
If a straight line is obtained, then the life model fits the exponential model, Formula (2). If a non-linear
characteristic is still obtained, then it is likely that the failure process has changed at the different voltage levels.
The test sequence may have to be repeated with different test voltages, investigating carefully the RPDIV and
RPDEYV values.
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