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National foreword

This Part of BS 5691 has been prepared by Subcommittee GEL/15/2. It 
implements Harmonization Document HD 611.1 S1 which was published by the 
European Committee for Electrotechnical Standardization (CENELEC). It is 
identical with IEC 216-1:1990 Guide for the determination of thermal endurance 
properties of electrical insulating materials — Part 1: General guidelines for 
ageing procedures and evaluation of test results, published by the International 
Electrotechnical Commission (IEC).

A British Standard does not purport to include all the necessary provisions of a 
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity 
from legal obligations.
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normally distributed complete data
IEC 216-3-2 BS EN 60216-3-2:1995 Calculations for incomplete 

data: proof test results up to and including the median 
time to end-point (equal test groups)
BS 5691 Guide for the determination of thermal 
endurance properties of electrical insulating materials

IEC 216-4 Part 4 Ageing ovens
IEC 216-4-1 Section 4.1:1995 Single chamber ovens
IEC 216-5 Part 5:1995 Guidelines for the application of thermal 

endurance characteristics
IEC 85:1984 BS 2757:1986 Method for determining the thermal 

classification of electrical insulation
IEC 212 BS 2844:1995 Standard conditions for use prior to and 

during the testing of solid electrical insulating materials

Summary of pages
This document comprises a front cover, an inside front cover, pages i and ii, 
the HD title page, pages 2 to 20, an inside back cover and a back cover.
This standard has been updated (see copyright date) and may have had 
amendments incorporated. This will be indicated in the amendment table on the 
inside front cover.
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Foreword
The CENELEC questionnaire procedure, performed 
for finding out whether or not the International 
Standard IEC 216-1:1990 could be accepted without 
textual changes, has shown that no common 
modifications were necessary for acceptance as a 
Harmonization Document.
The reference document was submitted to the 
CENELEC members for formal vote and was 
approved by CENELEC as HD 611.1 S1 
on 16 June 1992.
The following dates were fixed:

Annexes designated “normative” are part of the 
body of the standard. In this standard, Annex ZA is 
normative.

— latest date of 
announcement of the HD 
at national level (doa) 1992-12-01

— latest date of publication 
of a harmonized national 
standard (dop) 1991-06-01

— Latest date of withdrawal 
of conflicting national 
standards (dow) 1993-06-01
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Introduction
IEC methods to determine and express the thermal 
endurance of electrical insulating materials reveal a 
clear trend which may be described as follows:

— The original listing of the thermal capabilities 
of a number of widely used materials based on 
service experience is no longer satisfactory due to 
the accelerating pace of polymer and electrical 
insulation technology.
— Test procedures have been developed which 
enable the validity of the underlying physical 
model to be verified. A complete test programme 
for materials produces the temperature index 
(TI) which is a one-point characteristic. 
Alternatively, comparative tests produce the 
relative temperature index (RTI) which 
characterizes the performance of the test 
material relative to that of the known reference 
material. RTI was originally supported by a 
certain input from service experience. An 
additional feature is to improve the 
reproducibility between laboratories.
— The one-point presentation does not permit a 
complete description of a material’s thermal 
endurance relationship. Therefore, a composite 
index called the Thermal Endurance Profile 
(TEP) was introduced in the second edition of IEC 
Publication 216-1. This was done because it was 
recognized that both the slope of the thermal 
endurance graph and the confidence of the 
experimental test data are important and 
relevant.
— Since the regular inclusion of a figure 
representing the statistical confidence is not of 
major practical importance, the present 
edition — maintaining the verification of the 
confidence of the test data — emphasizes just the 
two indices TI and RTI. The slope of the thermal 
endurance graph is now explicitly given by means 
of the easily comprehensible halving interval 
(HIC). This permits the deletion of the TEP.

NOTE Regarding the Thermal Endurance Profile TEP of the 
Second edition, see Appendix D of this publication.

IEC Publication 216 consists of five parts:
— Part 1: General guidelines for ageing 
procedures and evaluation of test results;
— Part 2: Choice of test criteria;
— Part 3: Instructions for calculating thermal 
endurance characteristics;
— Part 4: Ageing ovens;
— Part 5: Guidelines for the application of 
thermal endurance characteristics.

The relevant statistical methods will be found in 
IEC Publication 493.

NOTE This work may be continued. For revisions and new 
parts, see the current catalogue of IEC Publications for an 
up-to-date list.

Section 1. General

1 Scope
This standard gives principles of test procedures to 
evaluate the thermal endurance of electrical 
insulating materials and simple combinations of 
such materials; it describes the conditions to be 
observed during the various tests and shows the 
basic analysis methods to derive the temperature 
index, the relative temperature index and the 
halving interval, from the test results. Attention is 
given to test data which do not completely satisfy 
the requirements of linearity and dispersion of the 
thermal endurance relationship.
NOTE Throughout the rest of this standard the term 
“insulating materials” is always taken to mean “insulating 
material(s) and simple combination(s) of such materials”.

2 General considerations
Thermal endurance tests serve the purpose of 
revealing how prolonged exposure to elevated 
temperature produces irreversible degradation of 
the properties of insulating materials. Of 
importance are those electrical and mechanical 
properties on which the appropriate functioning of 
the insulation in actual operation depends, and 
which may deteriorate due to thermal ageing.
NOTE However, other properties which change reversibly with 
temperature without thermal ageing may, singly or in 
combination, be the limiting factor in practice. In such cases 
other evaluation methods not within the scope of thermal 
endurance testing will be applied.

According to current practice, the thermal 
endurance of insulating materials is assessed by 
exposure to three or more ageing temperatures 
higher than the expected temperature index. The 
results of such exposure can often be described by a 
linear (Arrhenius) relationship between the 
logarithm of the time taken to reach a certain degree 
of property change and the reciprocal 
thermodynamic (absolute) temperature. 
See Appendix A.
A calculation based on the Arrhenius relationship or 
a graphical estimation on the thermal endurance 
graph is used to estimate endurance times inside or 
outside the range of exposure temperatures.
It sometimes happens that the thermal endurance 
relationship is non-linear in the temperature range 
of interest. If such a relationship is well established, 
the evaluation of the thermal capability of materials 
may still be possible, see Clauses 7, 8 and 13 and 
Appendix C of this part.
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The properties of a material subjected to thermal 
ageing may not all deteriorate at the same rate. 
Consequently, a material may be assigned more 
than one thermal endurance index derived, for 
example, from the measurement of different 
properties. See IEC Publication 216-2.
Although thermal endurance characteristics, while 
giving guidance on materials, should not by 
themselves be taken to predict the relationship 
between temperature and performance of an 
insulation system in service, such a relationship is 
sometimes used without adequate justification. It is 
emphasized that thermal endurance characteristics 
of materials should only be related to operating 
temperatures when a relationship has been 
established by other tests, or service experience. 
See also IEC Publication 216-5 and the following 
publications:

— IEC Publication 85.
— IEC Publication 505.
— IEC Publication 611.

3 Principles of evaluation and 
definitions
The test procedures covered by this guide apply to 
insulating materials and simple combinations 
thereof before they are fabricated into insulating 
structures identified with specific parts of electric 
equipment.
A distinction between such material tests and tests 
to evaluate the performance of insulation systems is 
necessary for two main reasons. Firstly, the details 
of the particular use of a material cannot be known 
to its manufacturer. Secondly, the performance of 
an insulation system cannot generally be predicted 
from that of its component materials.
The procedures covered by this guide produce 
information on the long-term characteristics of 
materials which provide the manufacturer of 
electrotechnical products with guidance for the 
selection of materials for further evaluation and 
application.
NOTE Results of tests on familiar, widely used materials are 
compiled for convenient reference in IEEE Trans. El. Ins. vol. 
EI-17 (1982) No. 1, pp. 53-63, so that comparisons between new 
and old materials can be made. Such compilations need to be 
updated periodically.

The following definitions shall apply:

3.1 
temperature index (TI)

the number corresponding to the temperature in 
degrees Celsius derived from the thermal endurance 
relationship at a given time, i.e. 20 000 h, unless 
otherwise specified

3.2 
relative temperature index (RTI)

the temperature index of a test material obtained 
from the time which corresponds to the known 
temperature index of a reference material when 
both materials are subjected to the same ageing 
and diagnostic procedures in a comparative test 
(see Figure 3)

3.3 
halving interval (HIC)

the number corresponding to the temperature 
interval in degrees Celsius which expresses the 
halving of the time to end-point taken at the 
temperature of the TI or the RTI

3.4 
thermal endurance graph (Arrhenius graph)

a graph in which the logarithm of time to reach a 
specified end-point in a thermal endurance test is 
plotted versus the reciprocal thermodynamic 
(absolute) test temperature
the derivation of HIC is given in Sub-clause 12.2. 
HIC is an approximate measure of the slope of the 
thermal endurance graph. See Appendix B
the standardized procedure for the thermal 
evaluation of an insulating material consists of a 
sequence of steps. Some of these steps are slightly 
different depending on whether TI or RTI is to be 
determined. These steps are marked with an 
asterisk and the differences are explained in the 
clause to which reference is made

a) *Preparing suitable specimens appropriate 
for the intended property measurements. 
See Clauses 6 and 7.
b) *Subjecting groups of specimens to ageing at 
several fixed levels of elevated temperature, 
either continuously or cyclically for a number of 
periods between which the specimens are 
normally returned to a standard temperature, 
usually room temperature. See Clause 8.
c) Subjecting specimens to a diagnostic procedure 
in order to reveal the degree of ageing. Diagnostic 
procedures may be non-destructive or destructive 
determinations of a property, or potentially 
destructive proof tests. Sec Clause 5.
d) Continuing the steady heat exposure or the 
thermal cycling until the specified end-point, 
i.e. failure of specimens or a specified degree of 
change in the measured property, is reached. 
See Clauses 5 and 8.
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