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Foreword 
 
The text of document 15E/221/FDIS, future edition 1 of IEC 60216-6, prepared by SC 15E, Methods of 
test, of IEC TC 15, Insulating materials, was submitted to the IEC-CENELEC parallel vote and was 
approved by CENELEC as EN 60216-6 on 2004-03-01. 
 
The following dates were fixed: 
 
 – latest date by which the EN has to be implemented 
  at national level by publication of an identical 
  national standard or by endorsement  (dop) 2004-12-01 
 
 – latest date by which the national standards conflicting 
  with the EN have to be withdrawn  (dow) 2007-03-01 

 
Annex ZA has been added by CENELEC. 

__________ 
 

Endorsement notice 
 
The text of the International Standard IEC 60216-6:2003 was approved by CENELEC as a European 
Standard without any modification. 

__________ 
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Properties of thermal endurance 
Part 1: Ageing procedures and 
evaluation of test results 
 

EN 60216-1 2001 

IEC 60216-2 1990 Part 2: Choice of test criteria 
 

HD 611.2 S1 1992 

IEC 60216-3 2002 Part 3: Instructions for calculating 
thermal endurance characteristics 
 

EN 60216-3 2002 

IEC 60216-4-1 1990 Part 4: Ageing ovens - 
Section 1: Single-chamber ovens 
 

HD 611.4.1 S1 1992 

IEC 60216-4-2 2000 Part 4-2: Ageing ovens - Precision 
ovens for use up to 300 °C 
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IEC 60216-4-3 2000 Part 4-3: Ageing ovens - Multi-chamber 
ovens 
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IEC 60216-5 2003 Part 5: Determination of relative thermal 
endurance index (RTE) of an insulating 
material 
 

EN 60216-5 2003 

IEC 60493-1 1974 Guide for the statistical analysis of 
ageing test data 
Part 1: Methods based on mean values 
of normally distributed test results 

- - 

 

 

 

iTeh STANDARD PREVIEW
(standards.iteh.ai)

SIST EN 60216-6:2004
https://standards.iteh.ai/catalog/standards/sist/f30e68a6-4888-4ada-8462-

08aadb92f542/sist-en-60216-6-2004



NORME 
INTERNATIONALE

CEI
IEC

INTERNATIONAL
STANDARD 

60216-6
Première édition

First edition
2003-12

Matériaux isolants électriques – 
Propriétés d'endurance thermique – 

Partie 6: 
Détermination des indices d'endurance thermique 
(TI et RTE) d'un matériau isolant en utilisant la 
méthode de trame de durées fixes 

Electrical insulating materials – 
Thermal endurance properties – 

Part 6: 
Determination of thermal endurance indices 
(TI and RTE) of an insulating material 
using the fixed time frame method 

Pour prix, voir catalogue en vigueur 

For price, see current catalogue

© IEC 2003  Droits de reproduction réservés  ⎯  Copyright - all rights reserved

Aucune partie de cette publication ne peut être reproduite ni 
utilisée sous quelque forme que ce soit et par aucun procédé, 
électronique ou mécanique, y compris la photocopie et les 
microfilms, sans l'accord écrit de l'éditeur. 

No part of this publication may be reproduced or utilized in any 
form or by any means, electronic or mechanical, including 
photocopying and microfilm, without permission in writing from 
the publisher. 

International Electrotechnical Commission,  3, rue de Varembé, PO Box 131, CH-1211 Geneva 20, Switzerland

Telephone: +41 22 919 02 11 Telefax: +41 22 919 03 00 E-mail: inmail@iec.ch  Web: www.iec.ch 

CODE PRIX 

PRICE CODE XCommission Electrotechnique Internationale
International Electrotechnical Commission

iTeh STANDARD PREVIEW
(standards.iteh.ai)

SIST EN 60216-6:2004
https://standards.iteh.ai/catalog/standards/sist/f30e68a6-4888-4ada-8462-

08aadb92f542/sist-en-60216-6-2004



60216-6 © IEC:2003 – 3 – 

CONTENTS 

FOREWORD...........................................................................................................................5 

1 Scope............................................................................................................................. 11 

2 Normative references ..................................................................................................... 11 

3 Terms, definitions, symbols and abbreviated terms......................................................... 13 

3.1 Terms, abbreviations and definitions ..................................................................... 13 

3.2 Symbols and abbreviated terms............................................................................. 19 

4 FTFM protocol – Principles and objectives ..................................................................... 21 

4.1 Principles of FTFM protocol................................................................................... 21 

4.2 Objectives of FTFM protocol.................................................................................. 21 

5 TI determination .............................................................................................................23

5.1 Ageing procedures ................................................................................................ 23 

5.2 Ageing times and temperatures ............................................................................. 23 

5.3 Test specimens ..................................................................................................... 25 

5.4 Diagnostic tests..................................................................................................... 27 

5.5 Selection of end-points .......................................................................................... 27 

5.6 Establishment of initial property value ................................................................... 27 

5.7 Ageing conditions .................................................................................................. 29 

5.8 Procedure for ageing ............................................................................................. 29 

6 Calculation procedures ................................................................................................... 31 

6.1 General principles ................................................................................................. 31 

6.2 Precision of calculations ........................................................................................ 33 

6.3 Derivation of temperatures equivalent to property values....................................... 33 

6.4 Regression analysis (temperature on time)............................................................ 39 

6.5 Statistical tests ...................................................................................................... 43 

6.6 Thermal endurance graph ..................................................................................... 47 

7 Calculation and requirements for results......................................................................... 49 

7.1 Calculation of thermal endurance characteristics ................................................... 49 

7.2 Reporting of results ............................................................................................... 49 

8 Report ............................................................................................................................ 51 

9 RTE Determination – Objectives ..................................................................................... 51 

10 Additional symbols ......................................................................................................... 53

11 Experimental procedures ................................................................................................ 53 

12 Calculation procedures ................................................................................................... 55 

12.1 General principles ................................................................................................. 55 

12.2 Input data .............................................................................................................. 55

12.3 RTE....................................................................................................................... 57

12.4 Confidence limits ................................................................................................... 57 

12.5 Extrapolation ......................................................................................................... 61 

13 Results and report ..........................................................................................................61

13.1 Results of statistical and numerical tests ............................................................... 61 

13.2 Result ................................................................................................................... 61

13.3 Report ................................................................................................................... 61

iTeh STANDARD PREVIEW
(standards.iteh.ai)

SIST EN 60216-6:2004
https://standards.iteh.ai/catalog/standards/sist/f30e68a6-4888-4ada-8462-

08aadb92f542/sist-en-60216-6-2004



60216-6 © IEC:2003 – 5 – 

Annex A (normative)  Decision flow chart .............................................................................. 63 

Annex B (normative)  Decision table .................................................................................... 65 

Annex C (informative)  Statistical tables................................................................................ 67 

Annex D (informative)  Suggested ageing times and temperatures........................................ 73 

Annex E (informative)  Figures.............................................................................................. 77 

Annex F (normative)   Statistical significance of the difference  
between two regression estimates ........................................................................................ 83 

Figure E.1 – Property–temperature graph with regression line .............................................. 77 

Figure E.2 – Thermal endurance graph ................................................................................. 77 

Figure E.3 – Ageing times and temperatures in relation to thermal endurance graph ............ 79 

Figure E.4 – Ageing times and temperatures in relation to thermal endurance graph ............ 79 

Figure E.5 – Ageing times and temperatures in relation to thermal endurance graph ............ 81 

Table B.1 – Decision table .................................................................................................... 65

Table C.1 – χ2-function ......................................................................................................... 67 

Table C.2 – t–function........................................................................................................... 67 

Table C.3 – F-function, P = 0,05 ........................................................................................... 69 

Table C.4 – F-function, P = 0,005 ......................................................................................... 71 

Table D.1 – Ageing temperatures and ageing periods .......................................................... 73 
iTeh STANDARD PREVIEW

(standards.iteh.ai)
SIST EN 60216-6:2004

https://standards.iteh.ai/catalog/standards/sist/f30e68a6-4888-4ada-8462-
08aadb92f542/sist-en-60216-6-2004



60216-6 © IEC:2003 – 7 – 

INTERNATIONAL ELECTROTECHNICAL COMMISSION 
____________ 

ELECTRICAL INSULATING MATERIALS – 
THERMAL ENDURANCE PROPERTIES –

Part 6: Determination of thermal endurance indices (TI and RTE)  
of an insulating material using the fixed time frame method 

FOREWORD 

1) 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. 

2) 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.  

3) 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. 

4) 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. 

5) IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any 
equipment declared to be in conformity with an IEC Publication. 

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

7) 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.  

8) 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. 

9) 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 60216-6 has been prepared by subcommittee 15E, Methods test, 
of IEC technical committee 15: Insulating materials. 

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

FDIS Report on voting 

15E/221/FDIS 15E/225/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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IEC 60216, under the general title Electrical insulating materials – Thermal endurance 
properties, consists of the following parts: 

Part 1:  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:  Determination of relative thermal endurance index (RTE) of an insulating material 

Part 6:  Determination of thermal endurance indices (TI and RTE) of an insulating material 
using the fixed time frame protocol 

The committee has decided that this publication remains valid until 2008. At this date, the 
publication will be  

• reconfirmed; 

• withdrawn; 

• replaced by a revised edition, or 

• amended. 
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ELECTRICAL INSULATING MATERIALS – 
THERMAL ENDURANCE PROPERTIES –

Part 6: Determination of thermal endurance indices (TI and RTE)  
of an insulating material using the fixed time frame method 

1 Scope 

This part of IEC 60216 specifies the experimental and calculation procedures for deriving the 
thermal endurance characteristics, temperature index (TI) and relative thermal endurance 
index (RTE) of a material using the “fixed time frame method (FTFM)”.  

In this protocol, the ageing takes place for a small number of fixed times, using the 
appropriate number of ageing temperatures throughout each time, the properties of the 
specimens being measured at the end of the relevant time interval. This differs from the 
procedure of IEC 60216-1, where ageing is conducted at a small number of fixed 
temperatures, property measurement taking place after ageing times dependent on the 
progress of ageing. 

Both the TI and the RTE determined according to the FTFM protocol are derived from 
experimental data obtained in accordance with the instructions of IEC 60216-1 and IEC 
60216-2, as modified in this standard. The calculation procedures and statistical tests are 
modified in relation to IEC 60216-3 and IEC 60216-5.  

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 60212:1971, Standard conditions for use prior to and during the testing of solid electrical 
insulating materials 

IEC 60216-1:2001, Electrical insulating materials – Properties of thermal endurance – Part 1: 
Ageing procedures and evaluation of test results 

IEC 60216-2:1990, Guide for the determination of thermal endurance properties of electrical 
insulating materials – Part 2: Choice of test criteria 

IEC 60216-3:2002, Electrical insulating materials – Thermal endurance properties – Part 3: 
Instructions for calculating thermal endurance characteristics 

IEC 60216-4-1:1990, Guide for the determination of thermal endurance properties of electrical 
insulating materials – Part 4: Ageing ovens – Section 1: Single-chamber ovens 

IEC 60216-4-2:2000, Electrical insulating materials – Thermal endurance properties – Part 4-2: 
Ageing ovens – Precision ovens for use up to 300 °C  
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IEC 60216-4-3:2000, Electrical insulating materials – Thermal endurance properties – Part 4-3: 
Ageing ovens – Multi-chamber ovens  

IEC 60216-5:2003, Electrical insulating materials − Thermal endurance properties – Part 5: 
Determination of relative thermal endurance index (RTE) of an insulating material 

IEC 60493-1:1974, Guide for the statistical analysis of ageing test data – Part 1: Methods 
based on mean values of normally distributed test results 

3 Terms, definitions, symbols and abbreviated terms 

For the purposes of this document, the following terms, definitions, symbols and abbreviations 
apply. 

3.1 Terms, abbreviations and definitions 

3.1.1 
assessed thermal endurance index  
ATE  
numerical value of the temperature in degrees Celsius, up to which the control material 
possesses known, satisfactory service performance in the specified application  

NOTE 1 The ATE of a specific material may vary between different applications of the material. 

NOTE 2 ATE is sometimes referred to as “absolute” thermal endurance index. 

3.1.2 
ageing temperature 
temperature in degrees Celsius at which a group of specimens is thermally aged 

3.1.3 
end-point temperature 
temperature in degrees Celsius at which a specimen is considered to have reached its end-
point after ageing for the specified time 

3.1.4 
candidate material 
material for which an estimate of the thermal endurance is required to be determined 

NOTE The determination is made by simultaneous thermal ageing of the material and a control material. 

3.1.5 
central second moment of a data group 
sum of the squares of the differences between the data values and the value of the group 
mean divided by the number of data in the group 

3.1.6 
95 % confidence limit 
statistical parameter, calculated from test data, which with 95 % confidence constitutes an 
upper or lower limit for the true value of a quantity estimated by statistical analysis 

NOTE 1 This implies that there is only 5 % probability that the true value of the quantity estimated is actually 
larger (or smaller) than the upper (or lower) confidence limit. 

NOTE 2 In other connections, confidence values other than 95 % may sometimes be used, e.g. in the linearity 
test for destructive test data. 
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