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1. Scope i
National foreword

This British Standard, prepared under the irection of the General Electrotechnical Engineering Standards Commn(ce is

identical with IEC Publication 85 : 1984 *Thermal evaluation and classification of electrical insulation’, published by the
International Electrotechnical Commission (IEC). It supersedes BS 2757 : 1956 which is withdrawn.

Terminology and conventions. The text of the international standard has been approved as suitable for publication as a
British Standard without deviation, Some terminology and certain conventions are not identical with those used in British
Standards,

The use of the auxiliary verb ‘must’ in 2.1.2 is deprecated in standards but it has been used deliberately by the IEC Technical
Committee to underline the importance of the statement.

Cross-references
International standards* Corresponding British Standards
1IEC 216 BS 5691 Guide for the determination of thermal endurance properties of electrical insulating
matariale
IEC216-1:1974 Part 1: 1979 General procedures for the determination of thermal endurance properties,
temperature indices and thermal endurance profiles
(Identical)
IEC216-2: 1974 Part 2 : 1979 List of materials and available tests
(Identical)
The Technical Committee has reviewed the provxslons of IEC 216-3, IEC 216-4, IEC 505, 1EC 610, IEC 611 and IEC 791 to
which reference is made in the text, and has decided that they are accepiable for use in conjunction with this standard.
Compliance with a British Standard does not of itself confer immunity from legal obligations.

* Undated in the text.
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trotechnical products. It consi d ers the thermai evaluation of msulatmg materials and of insula-
tion systems, their interrelationship and the influence of service conditions. It defines the
responsibility for assigning thermal identification and classification

2. General

2.1 Thermal classes

The endurance of the insulation of electrotechnical n products is affected by many factors such
as temperature, electrical and mechanical stresses, vibration, deleterious atmospheres and chem-
icals, moisture, dirt and radiation.

As the temperature in electrotechnical preducts is very often the dominating ageing factor on
insulating matenals and insulation systems, certain basic thermal classes are useful and have -
been recognized throughout the world. These thermal classes and the temperatures assigned to
them are as follows :

Thermal class Temperature
Y 90 °C
A 105 °C
E 120 °C
B 130°C
F 155°C
H 180°C
200 200°C
220 220°C
250 250°C

lemperatures over 250 °C should increase by 25 °C intervals and classes designated accor-
dingly.

Note, — The old Class C which was used in I B C Publication 85 {1957) for ali temperatures above 180 °C is replaced
by the above thermal classes,

The use of the letters is not mandatory. However, the above relationsh tween letters and

1+
temperatures should be adhered to. If the contents of Sub-clanse 2.1.5 are a
equipment, alternative systems of identification may be used.

tFomtanthinianl e
When a thermal class describes an electrotechnical pr
ra

mum temperature appropriate to that product under rat
insulation subjected to this max1mum temnerature w111 eed to

2.1.2).

-
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Up to now the term “class” has been used to refer to insulating materials, insulation systems
and products. I EC Publication 216: Guide for the Determination of Thermal Endurance
Properties of Electrical Insulating Materials, has introduced the term “temperature index” for
insulating materials, while I E C Publication 505 : Guide for the Evaluation and Identification

of Insulation Systeis of Electrical Equipment, has introduced the term “identification” for
insulation systems. The identification of systems is relevant only to the particular product for
which the system is designed. The term “classification” may be reserved for electrotechnical
products

2.1.1 Operating conditions

Experience has proved that, under usual operating conditions, satisfactory economic life is
obtained for electrotechnical products such as rotating machines, transformers, etc., designed
and built in accordance with standards based on the temperatures in Sub-clause 2.1 making due
allowance for factors peculiar to the product in question.

2.1.2  Insulating materials in insulation systems
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lating materials may be improved by the orotectlve character of the materlals used with them.
On the other hand, problems of incompatibility between materials may decrease the appropri-
ate temperature limit of the system below that for the individual materials. Such problems
should be investigated by functional tests.

2.1.3  Temperature and temperature rise

The temperatures quoted in this standard are the actual temperatures of the insulation and
not the temperature rises of the electrotechnical product,

Standards for electrical equipment usually specify temperature rise rather than actual temper-
ature. In establishing such standards, factors such as features of construction, thermai conduc-
tivity and thickness of insulation, accessibility of insulated parts, methods of "e“itilation, load
characteristics etc., should be taken into account when considering the methods of measure-
ment and the temperature rise to be permitted.

2.1.4 Other factors of influence

Apart from thermal factors, the ability of insulation to continue to fulfil its function is influ-
enced by such conditions as mechanical stresses imposed upon it and its supporting structure,
and by such factors as vibration and differential thermal expansion which may become of in-
creasing lmportance as the size of the product increases. MOlStuI‘e in the a tmospnere and the
presence of dirt, chemicals, or other contaminanis may have ir ~ ‘

bl d lan baloasm biabe . 3 ; . i

should be taken into accnunt when designing particular products and further guidance on thi
aspect may be found in I E C Publication 505

MO mnan 01 2

11D page 7| P4
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2.1.5 Insulation performance

Actual performance in service depends on particular con may vary widely
with, e.g., environmental exposure, duty cycles and type of product. Further, the intended per-
formance in service depends on the relative importarice of size, reliability, desired period of use
of associated equipment and economic considerations.

For certain products it may be desirable to establish values of temperature rise which permit

temperatures hlgher than those normally apDroprlate or which restrict the temperatures attained
by the insulation to values lower than those normally appropriate, Such cases may arise be-
cause, for the purpose in question, a shorter or a longer life than normal is envisaged, or excep-
tional conditions of service exist.

The life of insulation is dependent to a considerable extent upon the degree of exclusion of
oxygen, moisture, dirt and chemicals. Therefore, at a given temperature, the life of the insula-
tion may be longer if it is suitably protected than if it is freely exposed to industrial atmo-
spheres. The use of cnemlcauy inert gases, or liquids, as cooling or protective media may in-

he temperature capability of insulation.

In addition to the ageing which insulation undergoes, some materials when heated above a
certain temperature, soften and otherwise degrade but may recover their initial propert1es agam

g Tha traan ~F crialh santawiale cbail d ooer 00 Lt 102l 2 2l o ar
on cooling. The user of such materials should satisfy himself that they are suitable in the above
respect for the duties to be imposed on them

2.2 Responsibility for selection

and assignment
The responsibility for the selection of apprﬁpriat" materials and systems lies with the manu-
facturer of the electrotechnical product. Only experience or adequate acceptable tests provide
bases for assigmna ratlonal temnerature limits for the insulation. Service experien_ee is an im-

involved, appropriate tests are the basis for this selection (see also Clause 4).

3. Thermal evaluation of insulating materials
Many insulating materials of the same generic type are available in a number of variants of
different thermal endurance capability. Therefore, the generic chemical designation of an insu-
lating material is inadequate to characterize its thermal capability.
When applying ma h lectrotechnical products, their individual ther-

i xrka s ay are antalaiand oolil
mal endurance characteristics ,may be affecte he way in which they are combined with
others. The thermal capnbility mﬂ’reﬁals used for insulation of electrotechnical products also

In respect of the use in electrotechnical products, material evaluation serves two purposes:
one is to obtain evaluation of a material to be used as a component in an electrical insulation

system, the other is to evaluate a material to be used alone or as part of a simple combination to
become an insulation system. :

Gener

1erally, tests and experie
tion of insulating materials.
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When the basis of experience is used, care is required to ensure that it is relevant. Yet it may
often be valid to translate experience from one type of application to another. Methods appro-
priate for establishing the relevance of service experience are to be prepared.

Considerable progress has been made in the development of tests to evaluate materials.
Reference should be made to the following I E C publications :

216: Guide for the Determination of Thermal Endurance Properties of Electrical Insu-

lating Materials.

216-2: Part 2: List of Materials and Available Tests.

216-3: Part 3: Statistical Methods.

216-4: Part 4: Instructions for Caicuiating the Thermai Endurance Profiie.
Note. — This work is continuing. New parts and amendments of the listed publications are in preparation. Please see

the current catalogue of 1 E C publications for up-to-date list.

While the complete documents above should be considered, the following definitions may be
helpful,

a) thermal endurance graph : Arrhenius graph
A graph in which the logarithm of time to reach a specified end point in a thermal endut-
ance test is plotted versus the reciprocal thermodynamic (absolute) test temperature,

NS

temperature i index: TI

The number corresponding to the temperature in degrees Celsius derived from the ther-
mal endurance relationship at a given time, normally 20 000 h,

<

~ I SRV SPUR ISP RPN SIS SN
¢} relaiive temperature index : RTI
The temperature index of a test material obtained from the time which corresponds to

the k_n_own tem erature mde f reference material when both materials are subjected

\
=
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er S g to the temperature interval in degrees Celsius which ex-
halving of the time to end point taken at the temperature of the TI or the RTI.
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Te. 1 standard specimens may give results different from those which might be obtained

from tests on the material in the form in which it is to be used. Thus, the results of insulation
system tests may be used to verify the suitability of the material for the application concerned.
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4. Thermal evaluation of insulation systems

lh preterred basis for assessing the thermal endurance of an insulation system is relevant

xperience. Where this experience does not exist, approprlately designed functional tests

Daw tlale cavcam cn a Soierian teceao d

‘or this purpose, a service proven system is needed o be used as a

A reference insulation system should be described by the responsible Technical Committee
on the basis of service experience. The Committee should establish guidelines for the particular
equlpment to explam how an msulatnon system w1th a record of servxce experlence can be used

ag “yl\-l were Ln.. A dam e da

For evaluating new insulation systems by comparison with reference systems, specific test
procedures will be developed by the responsible Technical Committees, when these Committees
deem standardization to be necessary.

Very few test procedures have so far been standardized and in general it is the responsibility
of the product manufacturer to devise a d execute suitable tests where standardized tests do not
exist.

Before designing suitable tests, reference should be made to the foliowing I E C pubiications
and documents:

505: Guide for the Evaluation and Identification of Insulation Systems for Electrical

Equipment.
610: Principal Aspects of Functional Evaluation of Electrical Insulation Systems:
Ageing Mechanisms and Diagnostic Procedures.
791: Performance Evaluation of Insulation Systems Based on Service Experience and
Functional Tests.
More detailed recommendations concerning the design of thermal evaluation test procedures
are given in:
6ii: Guide for the eparatlon of Test Procedures for Evaluating the Thermal Endur-
ance of Electrical Insulation Systems.
In selecting the individual components of an insulation system, some guidance m y be ob-

tained from the thermal evaluation of the materials alone (see Clause 3).

ra ognized as suitabie for use in a particuiar insuiation system it is suffi-
cient to demonstrate satisfactory performance by appropriate system tests or b experience,
irrespective of the thermal endurance of the material by itself.

For very s1mple and simply stressed insulation systems, the responsible Technical Committee
may decide whether functionai tests according'to I E C Publication 611 are required or whether
the simpler case of evaluation from materials’ thermal endurance data according to 1 E C Publi-
cation 216 would produce satisfactory results, If it is necessary to evaluate the suitability of
insulating materials for application in electrotechnical products then comparative tests should
be performed using service proven materials as reference.

5 MEC page 15i
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For the case of very simple and simply stressed insulation systems, it is recommended that the
responsible Technical Committee provide information about service- proven materials for

specific appllcatlons Alternatively, it should provide rules on how to evaluate relevant experi-

PR 4 PR crond ta alanaify w.no.-..-. 1a

ence which could be used to classify materials.

As long as the respons1ble Technicai Committees do not present standardized procedures

RPN P dmod smsemnadirina

suitable for comparauve evaluation, the responsibility to choose acceptable test procedures

remains with the manufacturer of the Pro

5. Classification

For the classification of electrotechnical products and their insulation, see Sub-clause 2.1, in
particular Sub-clause 2.1.5, and Clause 4.

When an insulating material, simple combination, or an insulation system has been shown by
test or from service experience to be capable of operating successfully at a particular tempera-
ture in a particular application it may be assigned the appropriate thermal class selected from
the list in Sub-clause 2.1. .
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