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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MATHEMATICAL EXPRESSIONS FOR RELIABILITY,
AVAILABILITY, MAINTAINABILITY AND
MAINTENANCE SUPPORT TERMS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization cempr.ing
all national electrotechnical committees (IEC National Committees). The object of IEC is to p..mo¢ =
international co-operation on all questions concerning standardization in the electrical and electronic .’elds To
this end and in addition to other activities, IEC publishes International Standards, Technica' Si =cific > tions,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referr. 1 tc 25 “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Commit. e interested
in the subject dealt with may participate in this preparatory work. International, gove'nmenta: and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC cllaborates closely
with the International Organization for Standardization (ISO) in accordance with conail~'s determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as near"r as no.sible, an international
consensus of opinion on the relevant subjects since each technical comn.tiee | as representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for internationc! use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to e.'s "~ 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.

In order to promote international uniformity, IEC National “on nittees undertake to apply IEC Publications
transparently to the maximum extent possible in their natic~al «nd regional publications. Any divergence
between any IEC Publication and the corresponding natioial or regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certificatior. 2ac’es.

All users should ensure that they have the late_* ¢ dition of this publication.

No liability shall attach to IEC or its dire 't~.rs, employees, servants or agents including individual experts and
members of its technical committees a d -7 National Committees for any personal injury, property damage or
other damage of any nature whats eve: whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the punlicaion, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Mor atiy e references cited in this publication. Use of the referenced publications is
indispensable for the corr. =t appiication of this publication.

Attention is drawn tc the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shc'l no be held responsible for identifying any or all such patent rights.

International . 'stcndard IEC 61703 has been prepared by IEC technical committee 56:
Dependability.

This second edition cancels and replaces the first edition published in 2001. This edition
co.stitute s a technical revision.

Thicsedition includes the following significant technical changes with respect to the previous
ecition:

a) standard made as self containing as possible;

b) item split between individual items and systems;

c) generalization of the dependability concepts for systems made of several components;

— introduction of the conditional failure intensity (Vesely failure rate);
— introduction of the state-transition and the Markovian models;
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— generalization of the availability to production availability;
d) introduction of curves to illustrate the various concepts.

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

FDIS Report on voting

56/1682/FDIS 56/1693/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.
This International Standard is to be used in conjunction with IEC 60050-192:201"

The committee has decided that the contents of this publication will remain “inchanged until
the stability date indicated on the IEC website under "http://webstore.ic>.ca" in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

o replaced by a revised edition, or

e amended.
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INTRODUCTION

IEC 60050-192 provides definitions for dependability and its influencing factors, reliability,
availability, maintainability and maintenance support, together with definitions of other related
terms commonly used in this field. Some of these terms are measures of specific
dependability characteristics, which can be expressed mathematically.

It is important for the users to understand the mathematical meaning of those expressions and
how they are established. This is the purpose of the present International Standard which,
used in conjunction with IEC 60050-192, provides practical guidance essential for the
guantification of those measures. For those requiring further information, for example on
detailed statistical methods, reference should be made to the IEC 60605 series [23]1.

Annex A provides a diagrammatic explanation of the relationships between some. besic
dependability terms, related random variables, probabilistic descriptors and modi iers

Annex B provides a summary of measures related to time to failure.
Annex C compares some dependability measures for continuously operating itern s.

The bibliography gives references for the mathematical basis of u. is s andard, in particular,
the mathematical material is based on references [2], [6], [8], [9], ;13], [14] and [18]; the
renewal theory (renewal and alternating renewal processes) ~en be found in [6], [8], [9], [10],
[11], [13], [15], and [17]; and more advanced treatment 2f renewal theory can be found in
references [1], [3], [12], [16], [19] and [20]. More informat.on ¢n the theory and applications of
Markov processes can be found in references [3], [S, [12], | 23], [16], [17] and [19].

1 Numbers in brackets refer to the Bibliography.
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MATHEMATICAL EXPRESSIONS FOR RELIABILITY,
AVAILABILITY, MAINTAINABILITY AND
MAINTENANCE SUPPORT TERMS

1 Scope

This International Standard provides mathematical expressions for selected reliability,
availability, maintainability  and maintenance  support measures defined in
IEC 60050-192:2015. In addition, it introduces some terms not covered in |IEC 60050-
192:2015. They are related to aspects of the system of item classes (see hereafter).

According to IEC 60050-192:2015, dependability [192-01-22] is the ability of an item to
perform as and when required and an item [192-01-01] can be an individual part, component,
device, functional unit, equipment, subsystem, or system.

To account for mathematical constraints, this standard splits the items between the individual
items considered as a whole (e.g. individual components) and the systems made of several
individual items. It provides general considerations for the mathematical expressions for
systems as well as individual items but the individual items which are easier to model are
analysed in more detail with regards to their repair aspects.

The following item classes are considered separately:

e Systems;
e Individual items:
— hon-repairable [192-01-12];
— repairable [192-01-11]:
i) with zero (or negligible) time to restoration;
ii) with non-zero time to restoration.
In order to explain the dependability concepts which can be difficult to understand, keep the
standard self-contained and the mathematical formulae as simple as possible, the following
basic mathematical models are used in this standard to quantify dependability measures:
e Systems:
— state-transition models;
— Markovian models.
e |ndividual items:
— random variable (time to failure) for non-repairable items;
— simple (ordinary) renewal process for repairable items with zero time to restoration;
— simple (ordinary) alternating renewal process for repairable items with non-zero time to
restoration.

The application of each dependability measure is illustrated by means of simple examples.

This standard is mainly applicable to hardware dependability, but many terms and their
definitions may be applied to items containing software.





