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Preface

This Standard was prepared by the Joint Standards Australia/Standards New Zealand Committee QR-
005, Dependability.

The objective of this Standard is to provide methods for analysing data from a Weibull distribution
using continuous parameters such as time to failure, cycles to failure, mechanical stress, etc.

This Standard is applicable whenever data on strength parameters, e.g. times to failure, cycles,
stress, etc. are available for a random sample of items operating under test conditions or in-service,
for the purpose of estimating measures of reliability performance of the population from which these
items were drawn.

This Standard is applicable when the data being analysed are independently, identically distribctea.
This should either be tested or assumed to be true (refer to IEC 60300-3-5).

In this Standard, numerical methods and graphical methods are described to plot data, 0 make a
goodness-of-fit test, to estimate the parameters of the two- or three-parameter Weii ull distribution
and to plot confidence limits. Guidance is given on how to interpret the plot in terms o' k as a function
of time, failure modes and possible weak population and time to first failure or mini.mum endurance.

This Standard is identical with, and has been reproduced from IEC 61649:.9)8, "Veibull analysis.

As this document has been reproduced from an International Standard, a full point substitutes for a
comma when referring to a decimal marker.

Australian or Australian/New Zealand Standards that are icent cal adoptions of international
normative references may be used interchangeably. Refer tu the online catalogue for information on
specific Standards.

The terms “normative” and “informative” are used in Scuidards to define the application of the
appendices or annexes to which they apply. A “normative” appendix or annex is an integral part of a
Standard, whereas an “informative” appendix or ¢ ancx is only for information and guidance.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

WEIBULL ANALYSIS

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 Specific tions,
Technical Reports, and Guides (hereafter referred to as “IEC Publication(s)”). Their preparation is ent uste ! to
technical committees; any IEC National Committee interested in the subject dealt with may participate 'n tI.'s
preparatory work. International, governmental and non-governmental organizations liaising with the 'EC ~lso
participate in this preparation. IEC collaborates closely with the International Organization for Ste ~darc zation
(1SO) 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 . ternational
consensus of opinion on the relevant subjects since each technical committee has repr sentation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are acc~pted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that tho teciinical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in w'ic. 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 anc re¢aional publications. Any divergence
between any IEC Publication and the corresponding national or regional | ibiication shall be clearly indicated in
the latter.

5) IEC provides no marking procedure to indicate its apprciral >nd ==anot be rendered responsible for any
equipment declared to be in conformity with an IEC Publicatio:

6) All users should ensure that they have the latest edition o this puolication.

7) No liability shall attach to IEC or its directors, employees, ==.vants 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, whethe: direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use .f r reiiance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative refe en.es cited in this publication. Use of the referenced publications is
indispensable for the correct applicaticn o. 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 he.' .re. nonsible for identifying any or all such patent rights.

International Standard 'E~ 61549 has been prepared by IEC technical committee 56:
Dependability.

This second edition varcels and replaces the first edition, published in 1997, and constitutes
a technical revizion.

The main changes with respect to the previous edition are as follows:

—. the ti‘le has been shortened and simplified to read “Weibull analysis”;
povision of methods for both analytical and graphical solutions have been added.

“he text of this standard is based on the following documents:

FDIS Report on voting
56/1269/FDIS 56/1281/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.

© Standards Australia Limited /Standards New Zealand 2020
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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.

© Standards Australia Limited /Standards New Zealand 2020
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INTRODUCTION

The Weibull distribution is used to model data regardless of whether the failure rate is
increasing, decreasing or constant. The Weibull distribution is flexible and adaptable to a wide
range of data. The time to failure, cycles to failure, mileage to failure, mechanical stress or
similar continuous parameters need to be recorded for all items. A life distribution can be
modelled even if not all the items have failed.

Guidance is given on how to perform an analysis using a spreadsheet program. Guidance is
also given on how to analyse different failure modes separately and identify a possible weak
population. Using the three-parameter Weibull distribution can give information on time to first
failure or minimum endurance in the sample.

© Standards Australia Limited /Standards New Zealand 2020
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WEIBULL ANALYSIS

1 Scope

This International Standard provides methods for analysing data from a Weibull distribution
using continuous parameters such as time to failure, cycles to failure, mechanical stress, etc.

This standard is applicable whenever data on strength parameters, e.g. times to failure,
cycles, stress, etc. are available for a random sample of items operating under test conditions
or in-service, for the purpose of estimating measures of reliability performance of the
population from which these items were drawn.

This standard is applicable when the data being analysed are independently, identically
distributed. This should either be tested or assumed to be true (see IEC 60300-3-5).

In this standard, numerical methods and graphical methods are described to plot data, to
make a goodness-of-fit test, to estimate the parameters of the two- or three-parameter
Weibull distribution and to plot confidence limits. Guidance is given on how to interpret the
plot in terms of risk as a function of time, failure modes and possible weak population and
time to first failure or minimum endurance.

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 60050-191:1990, International Electrotechnical Vocabulary — Part 191: Dependability and
quality of service

IEC 60300-3-5:2001, Dependability management — Part 3-5: Application guide — Reliability
test conditions and statistical test principles

IEC 61810-2, Electromechanical elementary relays — Part 2: Reliability

ISO 2854:1976, Statistical interpretation of data — Techniques of estimations and tests
relating to means and variances

ISO 3534-1:2006, Statistics — Vocabulary and symbols — Part 1: General statistical terms and
terms in probability

3 Terms, definitions, abbreviations and symbols

For the purposes of this document, the definitions, abbreviations and symbols given in
IEC 60050-191 and ISO 3534-1 apply, together with the following.

3.1 Terms and definitions

311
censoring
terminating a test after either a given duration or a given number of failures

NOTE A test terminated when there are still unfailed items may be called a “censored test", and test time data
from such tests may be referred to as “censored data”.
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