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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL INSULATION SYSTEMS -
PROCEDURES FOR THERMAL EVALUATION -

Part 1: General requirements — Low-voltage

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 madectoensure| 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 correspondingznational(or regional publication shall be clearly indicated in
the latter.

IEC provides no marking proceduretoljindicate /its.-approval .and)scannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.

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 61857-1 has been prepared by IEC technical committee 112:
Evaluation and qualification of electrical insulating materials and systems.

This third edition cancels and replaces the second edition published in 2004, and constitutes
editorial revisions to make this standard compatible with Parts 21 and 22.

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

CDhV Report on voting
112/92/CDV 112/102/RVC

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all the parts in the IEC 61857 series, under the general title Electrical insulation
systems — Procedures for thermal evaluation, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until the
maintenance result 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

This International Standard establishes a standardized test procedure for estimating by
comparison the life expectancy of electrical insulation systems (EIS) in accordance with
IEC 60505.

An EIS contains many different components selected to withstand the varying electrical,
mechanical, and thermal stresses occurring in the different parts of the structure of an
electrotechnical product. The useful life of an EIS depends upon the way that its individual
components are arranged, their interactions upon each other, and the contribution of each
component to the electrical and mechanical integrity of the EIS. Therefore, it is impossible to
specify one test object to represent all electrotechnical products. It is incumbent upon the IEC
equipment technical committees to address the test objects and application of this test
procedure that will meet their specific needs. This work is intended to proceed by cooperation
between this technical committee and other IEC technical committees to develop a series of
parts, each part to address a specific test object and/or application.

This procedure permits approximate comparisons only, and cannot be relied upon to
completely determine the merits of any particular EIS. Such information can be obtained only
from extended service experience.
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ELECTRICAL INSULATION SYSTEMS -
PROCEDURES FOR THERMAL EVALUATION -

Part 1: General requirements — Low voltage

1 Scope

This part of IEC 61857 specifies a general test procedure for the thermal evaluation and
qualification of electrical insulation systems (EIS) and establishes a procedure that compares
the performance of a candidate EIS to that of a reference EIS.

This standard is applicable to existing or proposed EIS used in electrotechnical products with
an input voltage of up to 1 000 V where the thermal factor is the dominating ageing factor.

2 Normative references

The following referenced documents are indispensable for the application of this document. For
dated references, only the edition cited applies. For undated references, the latest edition of
the referenced document (including any amendments) applies.

IEC 60085:2004, Electrical insulation — Thermaliclassification

IEC 60216-4-1, Electrical insulating materials — Thermal endurance properties — Part 4-1:
Ageing ovens —Single chamber ovens

IEC 60216-5, Electrical insulating materials — Thermal endurance properties — Part 5:
Determination of relative thermal endurance index (RTE) of an insulating material

IEC 60493-1, Guide for the statistical analysis of ageing test data — Part 1: Methods based on
mean values of normally distributed test results

IEC 60505:2004, Evaluation and qualification of electrical insulation systems

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60505, as well as the
following definitions, apply.

3.1

electrical insulation system

EIS

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

[IEC 60505, definition 3.1.1]

NOTE EIM with different temperature indices (ATE/RTE according to IEC 60216-5) may be combined to form an
EIS which has a thermal class that may be higher or lower than that of any of the individual components according
to IEC 60505.

3.2
candidate EIS
EIS under evaluation to determine its service capability (thermal)
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3.3

reference EIS

established EIS evaluated on the basis of either a known service experience record or a known
comparative functional evaluation

34

thermal class

designation of an EIS that is equal to the numerical value of the maximum use temperature in
degrees Celsius (°C) for which the EIS is appropriate (see IEC 60085)

NOTE The EIS may be subjected to operating temperatures exceeding its thermal class which can result in
shorter expected life.

3.5

EIS assessed thermal endurance index

EIS ATE

numerical value of temperature in degrees Celsius for the reference EIS as derived from known
service experience or a known comparative functional evaluation

3.6

EIS relative thermal endurance index

EIS RTE

numerical value of the temperature in degrees Celsius for the candidate EIS which is relative to
the known EIS ATE of a reference EIS, when both EIS are subjected to the same ageing and
diagnostic procedures in a comparative test

3.7

test object

sample of original equipment or part thereof, or model representing the equipment completely
or partially, including the EIS, to be usedlin aifunctional test

3.8
thermal ageing factor
thermal stress that causes irreversible changes of the properties of an EIS

3.9

prediagnostic conditioning

variable or fixed stresses, which can be applied continuously or periodically to an EIS to
enhance the ability of a functional test to detect the degree of ageing

NOTE Prediagnostic conditioning may cause additional ageing.

3.10

diagnostic test

periodic or continuous application of a specified level of a diagnostic factor to a test object to
determine whether or when the end-point criterion has been reached

3.1

end-point criterion

value of either a property or change of property defining the end of life of a test object in a
functional test

3.12
end-of-life
end of a test object’s life as determined by meeting its end-point criterion
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4 General information

4.1 Overview of test procedure

This thermal ageing test procedure is based on the fact that, for most materials, thermal
ageing is accelerated when temperature is raised, and that often the degree of acceleration
obeys the Arrhenius law on chemical reaction rates. Based on this relationship, acceptable
extrapolation of the ageing test results may be used to determine the anticipated thermal
performance of the candidate EIS. Accelerated thermal testing requires the verification of an
identical or equivalent ageing mechanism compared under operating service conditions.

Test objects consisting of the candidate EIS are exposed to thermal ageing cycles at selected
temperatures. Each cycle consists of a specific time exposure at elevated temperature and a
subcycle of exposure to prediagnostic conditioning and diagnostic tests. Prediagnostic
conditioning may include mechanical stress, cold shock and moisture exposure. A dielectric
diagnostic test is used to determine test life. A reference EIS is tested using the same test
procedure. At each ageing temperature, the test life of the EIS is determined. Based on these
test life values, the thermal class of the candidate EIS is estimated relative to the performance
of the reference EIS in its thermal class.

4.2 Basis of evaluation and qualification

The functional testing and evaluation, according to this test procedure, shall be made on a
comparative basis, using an established EIS as a reference which is tested with the candidate
EIS in equivalent fashion:

If the thermal classes for the (candidate and reference EIS) differ, then appropriate ageing
temperatures are used for each.

4.3 Specific requirements

Separate Parts in the IEC 61857 series address specific test objects and/or applications and
test procedures.

Test objects are unique to each part because testing of specific electrotechnical products, or
representations thereof, may yield results that are not applicable to other electrotechnical
products.

Different electrotechnical products may also require alternative methods of thermal ageing
and/or diagnostic tests due to design considerations or end-use requirements.

Each Part shall specify the following:

— scope: electrotechnical products that this test object represents;
— construction of the test object (5.2);
— number of test objects required (5.3);
— test procedures: specific requirements and means of testing for
e initial dielectric diagnostic test (6.7.1);
e prediagnostic mechanical stress (6.4);
e other prediagnostic conditioning, as required (6.5);
e moisture exposure (6.6);

e dielectric diagnostic test (6.7.2), or other diagnostic test (6.8); and the end-point
criterion;

e thermal ageing: the means of heating, if other than ovens.
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5 Test objects

5.1 General

Test objects may be actual electrotechnical products, components thereof, or non-functional
models representing the products. Components and non-functional models should embody all
the essential elements of the EIS used in the electrotechnical product. Identical test objects
shall be used for the reference and candidate EIS.

5.2 Description

Specific test objects are described in each Part1. Insulation thickness, creepage distances and
discharge protection, where required, shall be appropriate for the intended maximum rated
voltage and equipment standards in practice.

Particular types of non-functional test objects and alternative test procedures for specific
electrotechnical products that have been used successfully may be found in the applicable
Part.

Test objects shall be subjected to the quality control of the normal or intended production
process.

5.3 Number of test objects

The number of test objects ((representative of ithe EIS) ina group for ‘edch ageing temperature
shall not be less than five.

NOTE A minimum of five test objects is required to obtain a good statistical average for the end-point analysis of
the EIS under consideration.

The actual number lofrtest:abjects shallibe specifiediinithe applicable ‘part:

6 Test procedures

6.1 General

All test objects shall be subjected to initial screening tests followed by repeated thermal
endurance test cycles in the following order:

— athermal ageing subcycle;

— a subcycle of prediagnostic mechanical stress, other prediagnostic requirements and
moisture exposure, in that order;

— adielectric diagnostic test, or other diagnostic test.

It is recognized that, depending on the test facilities available, the type of equipment employed,
and other factors, slight variations in the methods of exposing the test objects may be
necessary. It is all important that when any two different EIS are compared, the test objects of
each shall be subjected to identical exposures and other conditions of test. Unless otherwise
specified, prediagnostic conditioning and diagnostic tests shall be carried out at room
temperature (25 = 5) °C and (50 + 10) % relative humidity.

6.2 Initial screening tests

Prior to exposure to an elevated temperature on the first thermal ageing subcycle, all test
objects shall be subjected to a visual inspection and initial screening tests in order to eliminate

1 The technical committees responsible for equipment may use this test procedure to evaluate the candidate EIS
for specific electrotechnical products, or for general purposes through use of an appropriate non-functional
model.
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defective test objects. The initial screening tests shall consist of the following steps and shall
be conducted in the order given:

— initial dielectric diagnostic test (see 6.7.1 for details);

— prediagnostic mechanical stress (see 6.4 for details);

— other prediagnostic conditioning, as required (see 6.5 for details);

— moisture exposure (see 6.6 for details);

— dielectric diagnostic test (see 6.7.2), or other diagnostic test (see 6.8).

6.3 Thermal ageing
6.3.1 General

The thermal ageing portion of the cycle shall be conducted at a minimum of three different
ageing temperatures. Greater precision may be obtained if tests are carried out at more than
three temperatures. Additional test temperatures may be required to meet the criteria set forth
in 6.3.2.

The ageing temperatures and the duration of exposure at each temperature are selected so as
to reach the anticipated average test life in 5 to 10 test cycles for each set of test objects.
Suggested ageing temperatures and ageing periods are given in Table 1.

Table 1 — Suggested ageing temperatures and ageing periods

Ageing period Ageing temperature for EIS with anticipated thermal classes of
per cycle °c
h
90 105 120 130 155 180 200 220 250
504 to 840 105 120 135 145 170 195 215 235 265
48 to 336 120 135 150 160 185 215 235 255 285
24 to 72 135 150 165 175 200 235 255 275 305

Table 1 is intended to guide the selection of ageing temperatures and times. These suggested
ageing temperatures and ageing periods do not describe any actual EIS and cannot be
expected to result in the same end-points for all EIS. The life-temperature relationship for a
specific EIS is relative and it should be compared to similar data for an EIS of known reliability
and service life to be significant.

If the anticipated thermal class for the candidate EIS differs from the thermal class of the
reference EIS, different ageing temperatures and ageing periods should be selected.

A preliminary ageing test at a given temperature may be performed to indicate the anticipated
thermal class and other ageing temperatures and periods.

6.3.2 Ageing temperatures

To minimize the uncertainty introduced by extrapolation, the lowest test temperature should not
exceed the temperature to which the results will be extrapolated by more than 25 K. The lowest
ageing temperature shall result in a minimum log mean test life of 5 000 h. In addition, at least
two higher ageing temperatures shall be selected, separated by intervals of 10 K or more. The
highest ageing temperature shall result in @ minimum log mean test life of 100 h. For EIM with
a known melting point, the highest ageing temperature shall be at least 5 K below the melting
point temperature.
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