PD IEC/TR 60493-3:2017

JE——

BSI Standards Publication

Guidelines for the statistical
analysis of ageing test data

Part 3: Minimum specimen numbers at different test

conditions with given experimental data

bsi.


https://www.stdhive.com/standards/bs-pd-iectr-60493-32017-pdf/

PD IEC/TR 60493-3:2017

PUBLISHED DOCUMENT

National foreword
This Published Document is the UK implementation of
[EC/TR 60493-3:2017.

The UK participation in its preparation was entrusted to Technical
Committee GEL/112, Evaluation and qualification of electrical insulating
materials and systems.

Alist of organizations represented on this committee can be obtained or.
request to its secretary.

This publication does not purport to include all the necessary p.avicions
of a contract. Users are responsible for its correct application.

© The British Standards Institution 2017
Published by BSI Standards Limited 2017

ISBN 978 0 580 93924 2
ICS 29.035.01

Compliance with a British Standard cani.~t _onfer immunity from
legal obligations.

This Published Document was puliishe d under the authority of the
Standards Policy and Strategy Co. mitee on 31 August 2017.

Amendments/corrigenia iss.:ed since publication

Date Text arfected



https://www.stdhive.com/standards/bs-pd-iectr-60493-32017-pdf/

PD IEC/TR 60493-3:2017

IEC IEC TR 60493-3

L
®

Edition 1.0 2017-05

TECHNICAL i
REPORT &
N\

N

colour
* inside

Guidelines for the statistical analysis of ageing &'—
Part 3: Minimum specimen numbers at diﬁi&\ s

experimental data

conditions with given

IEC TR 60493-3:?01ﬁ)


https://www.stdhive.com/standards/bs-pd-iectr-60493-32017-pdf/

PD IEC/TR 60493-3:2017

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2017 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, 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
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20

Switzerland www.iec.ch

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11
Fax: +41 22 919 03 00
info@iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and puhlisti s
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure tnc* you nave the
latest edition, a corrigenda or an amendment might have been published.

IEC Catalogue - webstore.iec.ch/catalogue

The stand-alone application for consulting the entire
bibliographical information on IEC International Standards,
Technical Specifications, Technical Reports and other
documents. Available for PC, Mac OS, Android Tablets and
iPad.

IEC publications search - www.iec.ch/searchpub

The advanced search enables to find IEC publications by a
variety of criteria (reference number, text, technical
committee,...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published
details all new publications released. Available online and
also once a month by email.

Electropedia - www.electropedia.c =

The world's leading online dic onary »f electronic and
electrical terms containing 2C: 000 =rms and definitions in
English and French, with eauiv.'er. terms in 16 additional
languages. Also knowri a5 the International Electrotechnical
Vocabulary (IEV) online.

IEC Glossary « std. ec.ch/glossary

65 000 electrotecn .ica' terminology entries in English and
French extre_cwwd frcm the Terms and Definitions clause of
IEC pulilicat ans i sued since 2002. Some entries have been
colle~ted ~om =lier publications of IEC TC 37, 77, 86 and
CISPR.

IE C Customer Service Centre - webstore.iec.ch/csc

If you tvish to give us your feedback on this publication or
need further assistance, please contact the Customer Service
Centre: csc@iec.ch.


https://www.stdhive.com/standards/bs-pd-iectr-60493-32017-pdf/

PD IEC/TR 60493-3:2017

IEC TR 60493-3

Edition 1.0 2017-05

TECHNICAL
REPORT

colour
inside

Guidelines for the statistical analysis of ageing tzst aata —
Part 3: Minimum specimen numbers at different \as” conditions with given
experimental data

NTENATIONAL
ELZCTROTECHNICAL
COMMISSION

ICS 29.035.01 ISBN 978-2-8322-4299-5

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://www.stdhive.com/standards/bs-pd-iectr-60493-32017-pdf/

PD IEC/TR 60493-3:2017

-2- IEC TR 60493-3:2017 © IEC 2017

CONTENTS
FOREWORD ...ttt et e e et e e e e et e e et e e e e e e e e e e e e e e e e eanns 3
INTRODUGCTION ..ottt et e e e et et e e e e et et et e et e e en e e e e e aa e enaeeneees 5
1 T olo] o1 TP PP 6
2 NOIMAtIVE TEFEIENCES ... 6
3  Terms, definitions, symbols and conventions ... 6
3.1 Terms and definitioNs. ... 6
3.2 S MOl e €
3.3 (07010 1V 7= o1 1o o 1= PP 7
=0 a1 o1 1T o - 7
General CoNSIAEratioNS ... .. . i e e 8
Probability calculation based on normal distributions .................c.o 10
6.1 LT o 1= Y S 10
6.2 CalCUlatioNS ... T e 10
6.3 Estimated life at 90 °C (temperature difference is setto be 4C.°C, ... ................ 12
6.3.1 Ideal case with o = 0,05, 0,1, 0,2, 0,3 ..o i e 12
6.3.2 Test sample numbers of 20, 10, 5, 3 with 6 =0,05.....0 .. ..., 13
6.3.3 Test sample numbers of 20, 10, 5, 3 with o =0,3 ..., 14
6.4 Estimated life at 50 °C (temperature difference is.se.to ne 80 °C).........cccevennnn.n. 15
6.4.1 Ideal case with 6 = 0,05, 0,1, 0,2, 0,3 .0 i e 15
6.4.2 Test sample numbers of 20, 10, 5, 3with c.= 0,05 ..., 16
6.4.3 Test sample numbers of 20, 10, 5, 2 with 5= 0,3 ..., 17
Figure 1 — Ageing time versus survival ratich..........oooiiiiii 9
Figure 2 — Arrhenius plot of failure time 01 se: tter. ..o 9
Figure 3 — Temperature dependence of. 7 .. ... 10

f

Figure 4 — Estimated life at 90 °C for the ideal Case...........ccoeviiiiiiiiiii e, 13
Figure 5 — Test sample numiars ¢ 20, 10, 5, 3 with 6 = 0,05 14
Figure 6 — Test sample run.yers of 20, 10, 5, 3 with 6 = 0,3 ... 15
Figure 7 — Estimatediife «* 50 °C for the ideal Case..........cooviiiiiiiiii i 16
Figure 8 — Test sam'e r.umbers of 20, 10, 5, 3 with 6 = 0,05, 17
Figure 9 — Tesc cample niumbers of 20, 10, 5, 3 with 6= 0,3 ..., 18

L= Lo 1L T s Y 0 1Yo Yo ] PSPPSRI 7


https://www.stdhive.com/standards/bs-pd-iectr-60493-32017-pdf/

PD IEC/TR 60493-3:2017

IEC TR 60493-3:2017 © IEC 2017 -3-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

GUIDELINES FOR THE STATISTICAL ANALYSIS OF AGEING TEST DATA -

Part 3: Minimum specimen numbers at different test conditions
with given experimental data

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp isiny
all national electrotechnical committees (IEC National Committees). The object of IEC is _to ,ronote
international co-operation on all questions concerning standardization in the electrical and elel tron.> fie us. To
this end and in addition to other activities, IEC publishes International Standards, Technicai “oeci..cations,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred o as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National C. mmittee interested
in the subject dealt with may participate in this preparatory work. International, gci‘eri mental and non-
governmental organizations liaising with the IEC also participate in this preparation.” =C cu. aborates closely
with the International Organization for Standardization (ISO) in accordance witt. con ‘ition  determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as ne rly a; possible, an international
consensus of opinion on the relevant subjects since each technical committe. iias representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international u 2 and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made 0 ensu.e that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for th. wey in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC Nation~i~Co\ mittees undertake to apply IEC Publications
transparently to the maximum extent possible in their' naticnal and regional publications. Any divergence
between any IEC Publication and the corresponding nation.' <. regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of con.ormi.;. Independent certification bodies provide conformity
assessment services and, in some areas, accexs * |[EC marks of conformity. IEC is not responsible for any
services carried out by independent certificatio. . tadies.

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

7) No liability shall attach to IEC or ite dii >ctors, employees, servants or agents including individual experts and
members of its technical committees and .EC National Committees for any personal injury, property damage or
other damage of any nature whaw~ever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the puulication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the 1 armative references cited in this publication. Use of the referenced publications is
indispensable for the/cor. 2ct application of this publication.

9) Attention is drawn to “e’possibility that some of the elements of this IEC Publication may be the subject of
patent rights. |1=C shall r.>t be held responsible for identifying any or all such patent rights.

The main tack of IEC technical committees is to prepare International Standards. However, a
technicc| cominittee may propose the publication of a Technical Report when it has collected
data«f a different kind from that which is normally published as an International Standard, for
axa.ple state of the art".

1i=C TR 60493-3, which is a Technical Report, has been prepared by IEC technical
committee 112: Evaluation and qualification of electrical insulating materials and systems.

The text of this Technical Report is based on the following documents:

Enquiry draft Report on voting
112/384/DTR 112/389/RVDTR
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Full information on the voting for the approval of this Technical Report can be found in the
report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 60493 series, published under the general title Guidelines for the
statistical analysis of ageing test data, can be found on the IEC website.

Future standards in this series will carry the new general title as cited above. Titles of existing
standards in this series will be updated at the time of the next edition.

The committee has decided that the contents of this document will remain unchanged untii the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data rela.d »
the specific document. At this date, the document will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued at a later ( ate.

IMPORTANT - The 'colour inside’' logo on the ~ov :r page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users siould therefore print this document using a
colour printer.
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INTRODUCTION

The objective of this document is to clarify how a statistical analysis can be done even with a
small number of samples.

When the scatter of data is sufficiently small, a statistical analysis should be possible.
Generally, a statistical analysis applies to a larger number of samples similar to ordinary
cases.

On the other hand, this document may be useful in clarifying how the scatter of a small
number of data points can be used to estimate "lifetime" when the number of specimens is
limited (e.g. around five) and there are few ageing conditions (e.g. two or three conditicns,

Therefore, the aim is to document, for a small group of specimens with limited scatter ¢ data,
whether or not it is possible to estimate characteristics such as lifetime witi 'n < cartain
statistical error.

If such a simulation were available, it would be very helpful for users.

Manufacturers, for example, may prefer a new simplified, accnle’a'2a *zst method as an
alternative to their current traditional test methods. A new test me hoc would be easier and
less expensive, especially if the specimens were small in size (dimension), although it may
not be as suitable for large specimen sizes or expensive. riaterials or devices (such as
motors).

It would be very welcome if a statistical treatment n.2thod of this type, applying to a smaller
number of specimens, were defined.

Though inappropriate cases are anticipated, this document deals with cases where such
statistical treatment is appropriate.
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GUIDELINES FOR THE STATISTICAL ANALYSIS OF AGEING TEST DATA -

Part 3: Minimum specimen numbers at different test conditions
with given experimental data

1 Scope

This part of IEC 60493 clarifies how a statistical analysis can be done with a small numi=r of
samples.

This document will be useful when the accelerated test method is difficult to :an ov:, for
example in cases where the dimensions of test specimens (including test devicez) aie very
large in scale or the cost of test specimens is high. Testing is facilitated by enabling users to
reduce the number of test specimens.

2 Normative references

The following documents are referred to in the text in such 2 way what some or all of their
content constitutes requirements of this document. For da‘el references, only the edition
cited applies. For undated references, the latest edition of ‘e 1 xferenced document (including
any amendments) applies.

IEC 60493-1, Guide for the statistical analysis of ag2iny test data — Part 1. Methods based on
mean values of normally distributed test results

IEC TR 60493-2, Guide for the statistical ar alysis of ageing test data — Part 2: Validation of
procedures for statistical analysis of censcroa normally distributed data

IEC 62539, Guide for the statistical a»alyis of electrical insulation breakdown data

3 Terms, definitions, s¥mu~'s and conventions

3.1 Terms and defin.ions

For the purposes »of his document, the terms and definitions given in IEC 60493-1,
IEC TR 60493-2, and .=C 62539 apply.

ISO and IET naintain terminological databases for use in standardization at the following
addresses:

e |EU ='ectropedia: available at http://www.electropedia.org/

v . ISQ3 Caline browsing platform: available at http://www.iso.org/obp
3.2 Symbols

In this document, the following symbols are used.
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