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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RELIABILITY TESTING -
COMPLIANCE TESTS FOR CONSTANT FAILURE RATE
AND CONSTANT FAILURE INTENSITY

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 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 certification bodies.

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 61124 has been prepared by IEC technical committee 56:
Dependability.

This third edition of IEC 61124 cancels and replaces the second edition, published in 2006,
and constitutes a technical revision.

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

— A number of new test plans have been added based on the Russian standard GOST R
27.402 [1] 1, and it is intended to align the new edition of MIL-HDBK-781 [2] with this
edition. Algorithms for optimizing test plans using a spreadsheet program are given and a
number of optimized test plans are listed. Furthermore, emphasis is laid on the fact that
the test should be repeated following design changes.

1 Figures in square brackets refer to the bibliography. Documents
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— Discrepancies in test plans A, B as well as Annexes A and B that originated in IEC 60605-
7 [3], now withdrawn, have been corrected so these test plans differ from those given in
previous editions of IEC 61124. As requested by the National Committees, mathematical
background material and spreadsheet program information has been moved to informative
annexes. In addition, the symbol lists have been divided, so that some annexes have
separate lists of symbols.

— Guidance on how to choose test plans has been added as well as guidance on how to use
spreadsheet programs to create them. Test plans A.1 to A.9 and B.1 to B.13 have been
corrected.

— Subclauses 8.1, 8.2, 8.3, Clause 9, Annex C, Clauses G.2, 1.2, 1.3 and Annex J are
unchanged, except for updated terminology and references.

— Corrections to the second edition proposed by National Committees have been
implemented.

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

FDIS Report on voting
56/1461/FDIS 56/1468/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.

The committee has decided that the contents of this publication will remain unchanged until
the stability 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.

The contents of the corrigendum of January 2013 have been included in this copy.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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RELIABILITY TESTING -
COMPLIANCE TESTS FOR CONSTANT FAILURE RATE
AND CONSTANT FAILURE INTENSITY

1 Scope

This International Standard gives a number of optimized test plans, the corresponding
operating characteristic curves and expected test times. In addition the algorithms for
designing test plans using a spreadsheet program are also given, together with guidance on
how to choose test plans.

This standard specifies procedures to test whether an observed value of

— failure rate,
— failure intensity,
— mean time to failure (MTTF),

— mean operating time between failures (MTBF),

conforms to a given requirement.

It is assumed, except where otherwise stated, that during the accumulated test time, the times
to failure or the operating times between failures are independent and identically
exponentially distributed. This assumption implies that the failure rate or failure intensity is
constant.

Four types of test plans are described as follows:

truncated sequential tests;
time/failure terminated tests;

fixed calendar time terminated tests without replacement;

combined test plans.

This standard does not cover guidance on how to plan, perform, analyse and report a test.
This information can be found in IEC 60300-3-5.

This standard does not describe test conditions. This information can be found in IEC 60605-2
and in IEC 60300-3-5.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. 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, International Electrotechnical Vocabulary (IEV) — Chapter 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
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IEC 60605-2, Equipment reliability testing — Part 2: Design of test cycles

IEC 60605-4:2001, Equipment reliability testing — Part 4: Statistical procedures for
exponential distribution — Point estimates, confidence intervals, prediction intervals and
tolerance intervals

IEC 60605-6, Equipment reliability testing — Part-6: Tests for the validity and estimation of the
constant failure rate and constant failure intensity

IEC 61123:1991, Reliability testing — Compliance test plans for success ratio

3 Terms, definitions, abbreviations and symbols

3.1 Terms and definitions

For the purposes of this document the terms and definitions given in [IEC 60050-191 apply.

The terms "failure rate" and "failure intensity" are used as meaning constant failure rate and
constant failure intensity.

3.2 Abbreviations and symbols

3.21 Abbreviations

MTBF mean operating time between failures
MTTF mean time to failure

oC operating characteristic

SPRT sequential probability ratio test (in some literature called probability ratio sequential
test (PRST)).

3.2.2 Symbols

The generic symbol 4 is used in the following for failure rate and failure intensity.

The symbol m is used to denote both the following reliability measures:

— mean operating time between failures, MTBF;
— mean time to failure, MTTF.

When used, the relationship between the above quantities, under the given assumptions, is:

A==
m

Sequential test plans (see Clause 6) and fixed time/failure terminated test plans (see
Clause 7) are based on m as a reliability measure, thus in these cases:

m=—
A

c acceptable number of failures during the test

D discrimination ratio; D =mg/my or D =211/

k summation variable for failures Documents
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MTBF mean operating time between failures

MTTF mean time to failure

m true MTBF or MTTF

mg specified MTTF or MTBF mg =1/4q (design goal)

mq lower limit for MTTF or MTBF mq =1/

n number of test items at the beginning of the test

P, probability of acceptance

Po acceptable failure ratio

q0 acceptable success ratio, g9 = 1 — pg

R(1) reliability at time ¢

r observed number of failures during the test

1 test truncation failure number for sequential tests (SPRT)
T accumulated test time

T; accumulated test time stated as accept criterion

Ta, min" minimum test time for » = 0 stated as accept criterion
T; expected accumulated test time to decision

T2 (+) expected accumulated test time to acceptance

Tr* accumulated test time stated as reject criterion

Tt* accumulated test time stated as termination criterion
t test time

t* test truncation time

t test time for each test item (assumed here to be the same for all test items)
ti life time of failed item i

t;aht calendar test time stated as termination criterion
P(r) probability of r failures

Apg auxiliary quantity for determination of ¢, Aug =c— 1
a nominal producer’s risk (type I risk)

a’' true producer’s risk (type | risk)

B nominal consumer’s risk (type Il risk)

i true consumer’s risk (type Il risk)

A true failure rate per item

Ao expected failure rate per item (design goal)

Y upper limit for constant failure rate per item
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H expected number of failures during the test at the true A4

NOTE g is not necessarily an integer.

Ho expected number of failures during the test at the specified 1yas parameter of the
Poisson distribution g, =T7"/m, = 2,1,

4 General requirements and area of application

4.1 Requirements

It is assumed, except where otherwise stated, that during the accumulated test time the times
to failure or the operating times between failures are independent, and identically
exponentially distributed. This assumption implies that the failure rate or failure intensity is
constant. Under this assumption there is no difference between failure rate and failure
intensity. Therefore they are both called A and referred to in the following as failure rate.

It is assumed that the requirement is specified in one of the terms: the acceptable constant
failure rate A;, or the acceptable mean number of failures per time unit, 4, or the acceptable

mean time to failure or mean operating time between failures, m,.

If it is necessary to test the constant failure rate/constant failure intensity assumption, the
procedures given in IEC 60605-6 should be used.

4.2 Applicability to replaced and repaired items

The sequential test plans (see Clause 6), the time/failure terminated test plans (see Clause 7)
and the combined test plans (see Clause 10) are applicable to the following:

— replacement of failed items;

— without replacement of failed items;

under the assumption that

— an item can be replaced by repair of the item itself;

— the accumulated test time is calculated as elapsed operating item-time, in accordance
with 5.4;

— replaced items belong to the same population as the original items;
— repaired items can be considered to have the same failure intensity after repair as they
had before they failed.

The calendar time/failure terminated test plans in Clause 9, however, are applicable to cases
where failed items are not replaced and where a fixed number of items are placed on test for
a fixed calendar time. This means that the test is running, even though the number of items
under test may not remain constant because some items may not survive.

4.3 Types of test plans
4.3.1 General
Test plans are given for four types of tests:

— truncated sequential tests (see Clause 6);

— time/failure terminated tests (for fixed time/failure terminated tests see Clause 7, and for
alternative time/failure terminated tests, see Clause 8);

— calendar time terminated tests without replacement (see Clause 9);
— combined test plans (see Clause 10). Documents
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The different test plan types are shown in Table 1.
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Advantages and disadvantages of the different test plan types

Table 1 — Advantages and disadvantages for the different test plan types

Test plan type

Advantages

Disadvantages

Truncated sequential

Annex A and Annex D

Reject

Accept

\ 4

Test plans in Clause 6 (Table 2),

mo

Assures highest test efficiency
(shortest test time). For the A test
plans the user can develop new test
plans using a spreadsheet program.

The C test plans have true alpha
and beta risks which are closer to
the nominal risks than the A test
plans

Complicated to administer.

For marginal reliability, the test time
is longer than for time/failure
terminated and combined test plans.

The test plans in Annex D are
created using an iterative process.
They cannot be computed using the
spreadsheets described in Annex F

Annex B

r A
Reject

Time/Failure terminated

Accept

Test plans in Clause 7 (Table 3) and

v

mo

Simple to understand and to
administer.

For marginal reliability, the test time
is often shorter than for sequential
test plans. The user can develop
new test plans using a spreadsheet
program.

More failure information is collected
for a test, analyse and fix program
(TAAF) using these test plans

For very reliable, or very unreliable
test items, the test time is much
longer than for the sequential test
plans, or for the combined test plans
(in case of high reliability)

Combined

and Annex D

r A

Reject

|
/

/ccept

[
Ll

Test plans in Clause 10 (Table 4)

mQ

Combines the advantages of the
time/failure terminated test plans
and the sequential test plans. Very
reliable test items will be accepted
quickly while test items with early
failures will not be rejected early in
the test.

More failure information is collected
for a TAAF (test, analyse and fix
program) using these test plans

More complicated to administer.

For test items of marginal reliability,
the test may last longer than a
sequential test plan.

The test plans in Annex D are
created using an iterative process.
They cannot be computed using the
spreadsheets described in Annexes
F and H

5 General test procedure

5.1

Test conditions

A guide on how to plan, perform, analyse and report a test can be found in IEC 60300-3-5.
Test conditions can be found in IEC 60605-2 and IEC 60300-3-5.

All of these test types can be accelerated to accommodate high reliability requirements and
enable shorter time to market. Mission and life-cycle environment profiles and test conditions
are provided as follows:

e The mission profiles should be used to determine the environmental specifications and

should be derived from the operational life profile defined by the equipmennoaﬂments
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requirements. If this information is not provided in the original contractual documentation,
provision should be made to derive the mission profiles and the equipment environmental
specifications. Here, the term "equipment" is used in place of the more appropriate
general term "item" to match the terminology of the referenced standards.

e This derivation should make use of historical data on similar equipment applications and
mounting platforms and the effect of equipment location in the platform should be
accounted for. Each significant life-cycle event has to be considered including
transportation, handling, installation and testing as well as for platform category and
operational conditions.

e Environmental test conditions (for reliability growth, qualification, acceptance tests)
should be used. All of the test types should be performed under combined influence of
the appropriate test conditions which are expected to be combined in the use
environments.

e The test level for these test conditions should be derived from the equipment's mission
and environment profiles:

— when the equipment is designed for one application with a single mission or one type
of repetitive mission, there is a simple relationship between the test profile, mission
profile and life-cycle environmental profile. The tests conditions should simulate the
stress level during the mission;

— if the equipment is designed for multi-missions and environmental conditions, the test
profile should represent a composite of those missions, with the test levels and
durations being rated according to the percentage of each mission type expected
during the equipment's life-cycle. In order to derive realistic test conditions and levels,
the actual environments (especially temperature and vibration) should be measured at
the location where the equipment is to be mounted during actual operation;

— if design changes are made during the test, the accumulated test time shall start from
0 after the changes have been incorporated in the test items, unless specifically
agreed between the parties and justified in the test report (see IEC 60300-3-5).

5.2 General characteristics of the test plans
All test plans and decision criteria are based on either of two characteristics, as follows:

— an acceptable number of failures in a specified test time;
— an acceptable test time for a specified number of failures.

The detailed criteria for test plans, with variants, are given in 6.3, 7.3, 8.4 and 9.3.

5.3 Data to be recorded

In order to apply the statistical procedures defined in this standard, the following data shall be
recorded:

— the observed number of failures;
— the accumulated test time.

If it is necessary to test the assumption stated in 4.1, the following data shall also be
recorded:

— the time of occurrence of each failure.

5.4 Calculation of accumulated test time, r

Whenever the term time is used in this standard it can be replaced by other similar measures
of the duration of the operation for the item(s) under test, e.g. distance driven, operating
cycles, start and stop cycles, etc. (see IEC 60605-2).
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The accumulated test time 7 is calculated as the sum of the test time(s) accumulated by

each item in the test. For more than one repaired item under test, the accumulated test time is
the sum of all elapsed operational times (excluding all repair and other down times).

When n items are put on test at the same time, the accumulated test time can be determined
using the following formulae:

T* =nxt for tests with replacement of failed items
T*:(n—r)-t* +Zt, for tests without replacement of failed items
=1

where

n is the number of items at the beginning of the test;
t* is the test truncation time;

is the life time of failed items;

r is the number of failed items.

It is necessary to monitor the test items during the test in order to replace failed items,
register accumulated test time and, where required, record time to failures (see 5.3).

Several items can be tested simultaneously or sequentially. The recommended sample size is
n>1 with replacement and n>r,+1 (Clause 6 and 10) respective n>c+1 (Clauses 7, 8 and 9)

without replacement.

Calendar time is used to state the test time when more than one item is on test
simultaneously (see Clause 9).

For guidance on how to calculate accumulated test time when items enter the test after the
test has started, or are removed from the test before the test ends (censoring) see
IEC 60300-3-5 and Annex C of IEC 60605-4:2001.

The accumulated test time is normally counted as the operating time. If the parties to the test
wish to include other operational modes such as "idle" or "stand by" in the test time, for
example in a test cycle, this shall be specified and agreed before the test is started (see
IEC 60605-2).

5.5 Number of failures

In this standard the test result is determined by the test time and the number of failures. But
in practice failures can have very different consequences. Therefore, the user should consider
if there are failures that are so critical that the test is failed even though the total number of
failures are not exceeded. Alternatively, there can be failures where the consequences are so
insignificant that they should not be considered as relevant failures. All failures are counted
except when they can be classified as non-relevant, e.g. caused by factors not relevant for
the reliability of the item in the field. Such classification rules should be agreed between the
parties before start of the test (see IEC 60300-3-5). Re-classification of failures requires
agreement between the parties and shall be justified in the test report.
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6 Sequential test plans

6.1 General

Sequential test plans are characterized by decision rules for accepting or rejecting
compliance or continuing the test at any test time. They are determined by selected values of
risks and discrimination ratio. To implement a test plan, m; needs to be be specified. An
overview of test plans is given in 6.4. The test plans and the corresponding operating
characteristic curves and expected test times are stated in Annexes A and D. Examples and a
mathematical reference are given in Annex E. Sequential test plans derived using a different
methodology based on GOST R 27.402 are numbered C1 to C8 and are included in Annex D.
In order to facilitate comparison between the C test plans and the combined test plans they
have been plotted together in Annex D. Descriptions of the iterative procedure for creating
those test plans can be found in Annex K.

6.2 Common test procedure
The test procedure should include the following steps:

— decide the combined environmental conditions to be applied during the test based on
analysis to determine appropriate test conditions (see 5.1 and IEC 60300-3-5:2001);

— specify mg, according to requirement or agreement;

— choose risks, a and g, and discrimination ratio, D, considering that low values of « g and
D make a more powerful test, but require longer test time and/or more items;

— select « and B. These are generally chosen to be equal (shared risk) for easier
calculations and agreements;

— select an appropriate test plan from Table 2 and Annex A or Annex D;
— note the test times, Ta* for accept, and Tr* for reject;

— perform the test and apply the decision criteria in accordance with 6.3.

6.3 Decision criteria

The accumulated test time and the number of failures shall be compared with the accept and
reject criteria continuously during the test, or at intervals not greater than the length of the
test cycle or the monitoring interval (see 5.1 and 7.1.3 of IEC 60300-3-5:2001). The following
criteria shall apply:

Accept the test if the elapsed T'> T; for the observed r<y,.
The specified requirement is regarded as being complied with.

Continue testing if the elapsed T is between the limits Tr* <T < T;for the observed r<r,.
No decision can be taken.

Reject the test if the elapsed T < Tr* for the observed r<r,, or if r>ry +1.
The specified requirement is regarded as not being complied with.
6.4 Overview of test plans

Table 2 summarizes the sequential test plans given in Annex A and D. These annexes
provide, for each test plan, a decision graph, decision table, graphs of operating characteristic
curve and expected test time to decision.
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Table 2 — Overview of the sequential test plans given in Annex A and D

Test Characteristics of the plan Minimum test time Exp:ec:?sdi;:‘mi(:l for Test tr_uncation True risks for
F;l'zl:‘ Nominal risks Discr::;:gation a(:\(():(?aa\ipltuarr:e(:)e Wr:;ufl;irprlnez :’nfo in multtilgl‘:s of m m = mq m = my
a% | B % D Tamin_ e I o % B %
mo mo mo
A1 10 10 1,5 4,39 17,88 33,04 12,03 9,77
A2 10 10 2 2,20 5,37 10,30 13,39 9,62
A3 10 10 3 1,098 1,77 3,152 15,09 9,43
A4 10 10 5 0,549 0,65 1,102 16,81 9,24
A5 20 20 1,5 2,77 8,00 14,37 24,32 18,92
A.6 20 20 2 1,39 2,31 4,73 27,27 18,18
A7 20 20 3 0,693 0,72 1,54 31,03 17,24
A8 30 30 1,5 1,69 2,93 5,41 37,70 26,70
A9 30 30 2 0,847 0,79 1,91 43,24 24,32
C.1 5 5 1,7 7,584 23,89 29,300 5,00 5,00
C.2 10 5 1,7 5,032 9 16,57 24,240 9,998 5,00
C.3 10 10 1,7 4,429 4 13,28 18,030 10,00 9,999
c4 15 5 1,7 5,836 6 16,40 19,900 14,999 5,001
C.5 20 10 1,7 4,023 2 10,00 12,600 19,998 10,002
C.6 20 20 1,7 2,342 4 5,62 8,300 19,992 20,016
c.7 30 20 1,7 2,102 1 3,95 5,500 29,990 20,014
C.8 30 30 1,7 1,2757 2,13 3,800 30,056 29,912

7 Fixed time/failure terminated test plans — Fixed duration test plans

71 General

Fixed time/failure terminated test plans are characterized by decision rules for accepting or
rejecting compliance when the test time for termination has been reached, or the acceptable
number of failures has been exceeded. The test plans are determined by selected values of
risks and discrimination ratio. To implement a test plan, mq needs to be specified (or derived).

There are four types of fixed duration tests:

Y

) time terminated tests with replacement;

O

) time terminated tests without replacement;

O

) failure terminated tests with replacement;
d) failure terminated tests without replacements.

Test plans are given in 7.4. Operating characteristics and expected test times are given in
Annex B, examples and a mathematical reference are given in Annex G.

7.2 Common test procedure

The test procedure should include the following steps:
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— decide the combined environmental conditions to be applied during the test based on
analysis to determine appropriate test conditions (see 5.1 and IEC 60300-3-5:2001);

— specify mg according to requirement or agreement;

— choose risks, o = p (shared risk) or a not equal to B, and discrimination ratio, D,
considering that low values of «, f# and D make a more powerful test, but require longer
time and/or more items. It is important that «, f and D is selected together considering the
risk for the producer, the risk for the consumer as well as m; determined by D;

— select an appropriate test plan from Table 3, consulting Annex B;
— determine the test time for termination, Tt*, and the acceptable number of failures, c;

— perform the test and apply the decision criteria according to 7.3.

7.3 Decision criteria

The following decision criteria shall apply:
Accept the test if r<cat Ty .
The specified requirement is regarded as being complied with.

Reject the test if » > ¢ at or before Tt*.
The specified requirement is regarded as not being complied with.

7.4 Test plans

Table 3 summarizes the recommended time/failure terminated test plans. The test time is
accumulated until either a predetermined amount of test time has been reached (accept), or a
predetermined number of failures has been exceeded (reject). Graphs of operating
characteristic curves and expected accumulated test time to decision are given in Annex B.

Table 3 — Fixed time/failure terminated test plans

Test plan Characteristics of the plan Test time for Accestabl;e True risks for

No. Nominal risks Discr:rantggation termination n:“ar:‘luf;: m=my m=m,
a % B % D 1 [mg c a % B %

B.1 5 5 1,5 54,10 66 4,96 4,84
B.2 5 5 2 15,71 22 4,97 4,99
B.3 5 5 3 4,76 8 5,35 5,40
B.4 5 5 5 1,88 4 4,25 4,29
B.5 10 10 1,5 32,14 39 10,00 10,20
B.6 10 10 2 9,47 13 10,00 10,07
B.7 10 10 3 3,10 5 9,40 9,90
B.8 10 10 5 1,08 2 9,96 9,48
B.9 20 20 1,5 14,30 17 19,49 19,94
B.10 20 20 2 3,93 5 20,40 20,44
B.11 20 20 3 1,47 2 18,37 18,40
B.12 30 30 1,5 5,41 6 29,99 29,95
B.13 30 30 2 1,85 2 28,28 28,54

NOTE The test termination time (in multiples of m) is equal to the expected number of failures during the test

at the specified 4, that is Tt* /m0 = Tt* XAy = -
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8 Design of alternative time/failure terminated test plans

8.1 General

Alternative time/failure terminated test plans are characterized by decision rules for accepting
or rejecting compliance when the test time for termination has been reached or the acceptable
number of failures has been exceeded. The test plans are determined by selected values of
risks and test time. The test time is chosen independently of 1y which enables test plans to be
designed individually to meet particular needs including, for example, economy, resources or
time scheduling.

The derived discrimination ratio is used to evaluate the test plan. In order to implement a test
plan, 15 needs to be specified (or derived). The transformation between failure rate and mean
time to failure or mean operating time between failures to 1, is given in 3.2.2.

It is also possible to choose different test plan parameters and determine unknown
parameters as indicated in Annex C and Annex I.

Graphs for determining test plan parameters are given in Annex C, including the associated
operating characteristic curves. Examples and a mathematical reference are given in Annex |.

8.2 Design procedures
The procedures given in Annex C may be applied directly to tests in which
— replacement occurs, and replacement/repair times are negligible;

— replacement does not occur, and 4y < 0,1 is valid.
In such cases, T = nt{ .

However, the procedures may also be applied to tests in which
— replacement occurs, and replacement times are long (e.g. by repair),

— replacement does not occur, and 43¢ > 0,1.

In such cases, the formulae involving accumulated test time, Tt* (see 5.4) shall be used, and

in the formulae nzt* shall be replaced by Tt*. This implies that » and ¢ cannot be separated,
as in Clause C.2.

In each case, when applicable, the values of a and g, as stated in Table 3, shall be
considered as preferred values.

Annex C describes how test plans are derived and examples are included.

8.3 Common test procedure
The test procedure should include the following steps:

— decide the combined environmental conditions to be applied during the test based on
analysis to determine appropriate test conditions (see 5.1 and IEC 60300-3-5);

— specify the acceptable 1, according to requirement or agreement;

— choose risks, a and g, test time for each item, tt*, and number of test items, n, according
to resources;
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— design the test plan according to Annex C and Annex | using the figures in Annex C;

— evaluate the test plan especially regarding the derived discrimination ratio D, and perhaps
redesign with modified parameters to satisfy the need;

— perform the test with the stated test time, Tt*= nzt*and the derived acceptable number of
failures, ¢, and apply the decision criteria according to 8.4.
8.4 Decision criteria

The following decision criteria shall apply:

Accept the test if » <c at Tt*; The specified requirement is regarded as being complied
with.
Reject the test if » > ¢ at or before Tt*; The specified requirement is regarded as not

being complied with.
9 Calendar time/failure terminated test plans for non-replaced items

9.1 General

Fixed calendar time/failure terminated test plans for non-replaced items are characterized by
decision rules for accepting or rejecting compliance when the test time for termination has
been reached, or the acceptable number of failures has been exceeded. The test plans are
determined by selected values of risks and discrimination ratios. To implement a test plan, 4,
needs to be specified (or derived). The transformation of mg to A, is indicated in 3.2.2.

Since no replacement takes place, the number of items under test will generally not remain
constant, and the accumulated time of operation is not relevant. Thus, the compliance test
plans for success ratio, Table 2 of IEC 61123:1991, should be used.

However, if the number of items is large compared to the number of failures, the time/failure
terminated test plans (see Clause 7) may be used.

Examples and a mathematical reference are given in Annex J.

9.2 Common test procedure
The test procedure should include the following steps:

— decide the combined environmental conditions to be applied during the test based on
analysis to determine appropriate test conditions (see 5.1 and IEC 60300-3-5:2001);

— specify ﬁo, according to requirement or agreement;

— choose risks, a = B8, and discrimination ratio, D, considering that low values of a, 8 and D
make a more powerful test but require longer time and/or more items;

— choose test termination time, t;au, or number of items, », and calculate according to 9.4.2
or 9.4.3, respectively;

— select an appropriate test plan from Table 2 of IEC 61123:1991, using the derived ¢4 and
the found n, to give the acceptable number of failures c;

— perform the test and apply the decision criteria according to 9.3.
9.3 Decision criteria

The decision criteria include the following:
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Accept the test if » < ¢ at téal,t ; The specified requirement is regarded as being
complied with;

Reject the test if > ¢ at or before t;au ; The specified requirement is regarded as not
being complied with.

9.4 Use of Table 2 of IEC 61123:1991 for fixed calendar time tests

9.4.1 General

Two procedures may be used. The first one, given in 9.4.2, is used when the (maximum

available) test time is given. The second one, given in 9.4.3, is used when the (maximum
available) number of items is given.

The following formulae apply:

po=1-go=1-e""M —1_g ! (1)
where t = t;au
and the derived

t:al,t =-myg -In(1- py) = -my -In(q,) (2)

where

Po is the acceptable failure ratio;
q0 is the acceptable success ratio, g5 = 1 — py.

NOTE 1 According to the normal use of IEC 61123, p, or ¢, is specified, but in this case p, is derived from the
specified m, or 44, according to Formula (1). For further information on p, and ¢,, see IEC 61123.

NOTE 2 In this case, p, expresses the failure probability 1-R(t) for t = t;am.
NOTE 3 The procedures can only determine the product nt*.
9.4.2 Procedure when the test time is given

The test procedure should include the following steps:

a) choose t;au <0,223 mg = % (to be within the range of Table 2 of IEC 61123:1991);

b) calculate pgy using Formula (1);

c) adjust t;au if necessary to fit a g5 = 1 — pg stated in Table 2 of IEC 61123:1991 using
Formula (2);

d) select a relevant test plan from Table 2 of IEC 61123:1991 fulfilling the required D and
a = S, and thereby determine n and c.

9.4.3 Procedure when the number of items is given

The test procedure should include the following steps:

Documents

Document Sharing Hub

Full document details: IEC 61124 2012


http://avadocuments2026.com/doc/iec-61124-2012
http://avadocuments2026.com/doc/iec-61124-2012

61124 © IEC:2012 - 23 -

a) select a relevant test plan from Table 2 of IEC 61123:1991 fulfilling the required D and
a =, and with »n close to the indicated =, and thereby determine g5 = 1 — pg, n and ¢;

b) calculate t;aL, using Formula (2).

10 Combined test plans

10.1 General

The combined test plans use a reject line with a constant number of failures, while the accept
line is curved (see Table 1). Therefore, test items with a high reliability will be accepted early
while items with many early failures will not be rejected immediately. Test plans are also
suitable for a test, analysis and fix program (TAAF) as more information is collected about the
failure modes than for a sequential test. The test plans are derived using an iterative
procedure that is described in Annex K.

10.2 Common test procedure

The test procedure should include the following steps:

— decide the combined environmental conditions to be applied during the test based on
analysis to determine appropriate test conditions (see 5.1 and IEC 60300-3-5:2001);

— specify mg, according to requirement or agreement;

— choose risks, @ and g, and discrimination ratio, D, considering that low values of ¢, # and
D make a more powerful test, but require longer time and/or more items;

— select an appropriate test plan from Table 4 and Annex D;
— note the test times, T; for accept;

— perform the test and apply the decision criteria in accordance with 10.3.

10.3 Decision criteria

The accumulated test time and the number of failures shall be compared with the accept and
reject criteria continuously during the test; or at intervals not greater than the length of the
test cycle or the monitoring interval (see 5.1 and 7.1.3 of IEC 60300-3-5:2001).

The following criteria shall apply:
Accept the test if the elapsed 7> T; for the observed r<vy,.

The specified requirement is regarded as being complied with.
Continue testing if T~ < T: for the observed r<7,. No decision can be taken.

Reject the test If the number of failures » 2 r, +1 during the test.
The specified requirement is regarded as not being complied with.
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10.4 Test plans

Table 4 - Combined test plans in Annex D

Characteristics of the plan Minin}um Expectefi ?ime T?st trur_ucation time Acceptable
test time ) for qemsmn in multiples of mg number of
Test plan| Nominal risks Discr:;r;:gation ;?%Cér:ltjpe?) in n}t(l,lrtlllnolgsmzf mo failures

a% B % b T;,min/mo Tg/’"o Tt*/mo "o
D.1 5 5 1,7 6,454 0 22,07 29,463 2 38
D.2 10 5 1,7 4,721 9 16,59 24,517 0 30
D.3 10 10 1,7 4,426 4 13,12 18,183 9 23
D.4 15 5 1,7 57320 16,22 19,989 8 24
D.5 20 10 1,7 3,949 5 9,80 12,757 3 15
D.6 20 20 1,7 2,436 5 5,60 8,568 4 10
D.7 30 20 1,7 2,144 1 3,96 5714 6 6
D.8 30 30 1,7 1,219 4 2,30 4,388 1 4

Full document

11 Performing the test

Guidance on test conditions and practical management of the test can be found in 5.1 of this
standard, in IEC 60300-3-5 and in IEC 60605-2.

12 Presentation of results

When presenting the results, the following information shall be given:

— test conditions (see 5.1 of this standard and IEC 60300-3-5);
— identification of test items, number of items on test and possible replacement during test;
— the test plan used;

— specified acceptable Ay or mg;

— nominal test plan parameters given or derived, for example risk levels, discrimination
ratio, accumulated test time for termination, acceptable number of failures;

— true test plan parameters, if required;
— observed number of failures and justification for any failures classified as non-relevant;

— definition of accumulated test time especially if test cycles or several mission modes are
used;

— accumulated test time when the test is stopped;
— result(s) of other analyses, if required;

— conclusions.
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Annex A
(normative)

Tables and graphs for sequential test plans

NOTE 1 See Clause 6.

NOTE 2 This annex uses the symbols listed in 3.2.

A1 Testplan A1-a2=0,10; $=0,10; D=1,5

45

ZZ pd

3 / //

. Py

- /
e

e
/

pd
7

15

10 A

pd
/

. P
/

0 5 10 15 20 25 30 35

T*Img
IEC 097/06

Figure A.1 — Accept and reject lines for test plan A.1
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Table A.1 — Accept and reject lines for test plan A.1

— 26 —

61124 © IEC:2012

T: Im T; Imy Tr* Im, T; Imyg
d Reject Accept r Reject Accept
(equal or less) (equal or more) (equal or less) (equal or more)
0 - 4,39 21 13,00 21,42
1 - 5,21 22 13,81 22,23
2 - 6,02 23 14,62 23,05
3 - 6,83 24 15,43 23,86
4 - 7,64 25 16,24 24,67
5 0,025 8,45 26 17,05 25,48
6 0,836 9,26 27 17,87 26,29
7 1,65 10,07 28 18,73 27,10
8 2,46 10,88 29 19,49 27,91
9 3,27 11,69 30 20,30 28,72
10 4,08 12,50 31 21,11 29,53
11 4,89 13,31 32 21,92 30,34
12 5,70 14,13 33 22,73 31,16
13 6,51 14,94 34 23,54 31,97
14 7,32 15,75 35 24,35 32,78
15 8,13 16,56 36 25,16 33,04
16 8,94 17,37 37 25,97 33,04
17 9,76 18,18 38 26,79 33,04
18 10,57 19,00 39 27,60 33,04
19 11,40 19,80 40 28,41 33,04
20 12,19 20,61 ro =41 29,22 33,04
42 33,04 N/A

1

0,9 //

0,8 /

0.7 /

0,6 /

Py 05 /

0,4 /

0,3 /

0,2 /

o /

0
0,3 0,5 0,7 0,9 1,1 1,3 1,5 1,7
mlmg IEC 098/06
Figure A.2 — Test plan A.1 — Operating characteristic curve
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mlmg

IEC 099/06

Figure A.3 — Test plan A.1 — Expected accumulated test time to decision

A.2 Testplan A2 -a=0,10; $=0,10; D =2,0

20
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Figure A.4 — Accept and reject lines for test plan A.2
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Table A.2 — Accept and reject lines for test plan A.2

T Img Ty Img
r Reject Accept
(equal or less) (equal or more)

0 - 2,20
1 - 2,89
2 - 3,58
3 0,170 4,28
4 0,863 4,97
5 1,56 5,66
6 2,25 6,36
7 2,94 7,05
8 3,64 7,74
9 4,33 8,44
10 5,02 9,13
11 5,72 9,82
12 6,41 10,30
13 7,10 10,30
14 7,79 10,30
7y =15 8,49 10,30
16 10,30 N/A

61124 © IEC:2012
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Figure A.5 — Test plan A.2 — Operating characteristic curve
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/
0
0 0,5 1 1,5 2 2,5 3 4
mimo IEC 102/06
Figure A.6 — Test plan A.2 — Expected accumulated test time to decision
A.3 Testplan A3 -a=0,10; =0,10; D = 3,0
7
6 /
5 e
4
3 / /
| / //
1
0
0 1 2 3 4
T*/mo IEC 103/06
Figure A.7 — Accept and reject lines for test plan A.3 Documents
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Table A.3 — Accept and reject lines for test plan A.3

61124 © IEC:2012

Tr* Img T, Imy
" Reject Accept
(equal or less) (equal or more)
0 - 1,098
1 - 1,648
2 0,203 2,197
3 0,752 2,747
4 1,301 3,152
5 1,851 3,152
7y =6 2,400 3,152
7 3,152 N/A
1
//--—
0,9 /
0,8 //
0,7 /
0,6
P, /
0,5 /
0,4 ,
0,3 //
0,2 /
0,1 J
0
0 0,5 1 1,5 2 2,5 3 3,5 4
mimo IEC 104/06
Figure A.8 — Test plan A.3 — Operating characteristic curve
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Figure A.9 — Test plan A.3 — Expected accumulated test time to decision

A4 Testplan A4 -a=0,10; 5=0,10; D=5,0

3,5
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Figure A.10 — Accept and reject lines for test plan A.4
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Table A.4 — Accept and reject lines for test plan A.4

Tr* Im T; Imy
" Reject Accept
(equal or less) (equal or more)
0 - 0,549
1 - 0,951
2 0,383 1,102
o =3 0,785 1,102
4 1,102 N/A
1
"]
0‘9 / /
0,8 //
0,7 /
0,6
P,
40,5 /
0,4 /
0,3 /
0,2 /
0,1 /
0
0 0,5 1 1,5 2 2,5 3 3,5 4 4,5 5
mimg IEC 107/06

Figure A.11 — Test plan A.4 — Operating characteristic curve
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07
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Talmg /
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0 0.5 1 15 2 25 3
milmg IEC 108/06

Figure A.12 — Test plan A.4 — Expected accumulated test time to decision

A.5 Testplan A5-a=0,20; $=0,20; D=1,5

20
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T*lmo IEC 109/06
Figure A.13 — Accept and reject lines for test plan A.5
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Table A.5 — Accept and reject lines for test plan A.5

Tr* Im T; Imy
" Reject Accept
(equal or less) (equal or more)
0 - 2,77
1 - 3,58
2 - 4,39
3 0,025 5,21
4 0,836 6,02
5 1,65 6,83
6 2,46 7,64
7 3,27 8,45
8 4,08 9,26
9 4,89 10,07
10 5,70 10,88
11 6,51 11,69
12 7,32 12,50
13 8,13 13,31
14 8,95 14,13
15 9,76 14,37
16 10,57 14,37
17 11,38 14,37
r =18 12,19 14,37
19 14,37 N/A
1 P—

0,8 //
0,6 /
o /
04 /
0,3 /

/

. /
%

0,0 0,5 1,0 1,5 2,0 2,5
mlmg IEC 660/12

Figure A.14 — Test plan A.5 — Operating characteristic curve
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Talmg
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mlm,
0 IEC 661/12

Figure A.15 — Test plan A.5 — Expected accumulated test time to decision

A.6 Testplan A.6 - = 0,20; §=0,20; D =2,0

/

1 7

0 0,5 1 1,5 2 2,5 3 3,5 4 4,5 5

T*Img IEC 112/06

Figure A.16 — Accept and reject lines for test plan A.6
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T Im T; Imy
" Reject Accept
(equal or less) (equal or more)
0 - 1,39
1 - 2,08
2 0,288 2,77
3 0,981 3,47
4 1,67 4,16
5 2,37 4,73
6 3,06 4,73
r=7 3,75 4,73
8 4,73 N/A
1
0.9 //
0,8
0,7
0,6
Py
0,5
0,4
0,3 /
0,2 f
0,1 //
0
0 0,5 1,5 2 2,5 3 3,5 4
mlmg IEC 113/06
Figure A.17 — Test plan A.6 — Operating characteristic curve
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mlmg IEC 114/06

Figure A.18 — Test plan A.6 — Expected accumulated test time to decision

A.7 Testplan A.7 - = 0,20; =0,20; D = 3,0
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1,5 / Sz
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0,5 //
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T*Img

IEC 115/06

Figure A.19 — Accept and reject lines for test plan A.7
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Table A.7 — Accept and reject lines for test plan A.7
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T Im T; Imy
" Reject Accept
(equal or less) (equal or more)
0 - 0,693
1 0,059 1,24
2 0,608 1,54
7y =3 1,16 1,54
4 1,54 N/A
1
|
//——
0,9
0,8 //
0,7 /
0,6 /
Py 0,5 /
0,4 /
0,3 /
0,2 /
0,1 /
0
0 1 3 4 7 8 10
mimg IEC 116/06
Figure A.20 — Test plan A.7 — Operating characteristic curve
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Figure A.21 — Test plan A.7 — Expected accumulated test time to decision
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A.8 Testplan A8-a=0,30; #=0,30; D=1,5
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Figure A.22 — Accept and reject lines for test plan A.8
Table A.8 — Accept and reject lines for test plan A.8
Tr* Imy 7, Imy,
" Reject Accept
(equal or less) (equal or more)

0 - 1,69

1 - 2,51

2 0,292 3,32

3 1,10 4,13

4 1,91 4,94

5 2,72 5,41

6 3,54 5,41

vy =7 4,35 5,41
8 5,41 N/A
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Figure A.23 — Test plan A.8 — Operating characteristic curve
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Figure A.24 — Test plan A.8 — Expected accumulated test time to decision
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A9 Testplan A9 -a=0,30; $=0,30; D=2,0

3,5

1,5 / /

0 0,2 0,4 0,6 0,8 1 1,2 1,4 1,6 1,8 2

T*Img IEC 121/06

Figure A.25 — Accept and reject lines for test plan A.9

Table A.9 — Accept and reject lines for test plan A.9

Tr* Imyg T, Img
" Reject Accept
(equal or less) (equal or more)

0 - 0,847
1 0,134 1,54
2 0,827 1,91
r =3 1,52 1,91
4 1,91 N/A
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Figure A.26 — Test plan A.9 — Operating characteristic curve
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Figure A.27 — Test plan A.9 — Expected accumulated test time to decision
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Annex B
(normative)

61124 © IEC:2012

Graphs for fixed time/failure terminated test plans

NOTE 1 See Clause 7.

NOTE 2 This annex uses the symbols listed in 3.2.

NOTE 3 For the figures showing expected time to decision, the straight lines (oblique line starting at (0,0), and
horizontal line) are for failure terminated test with replacement. The curved lines that approach both straight lines
asymptotically are for time terminated test with replacement.

B.1 Test plans B.1 to B.4
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Figure B.1 — Operating characteristic curves for test plans B.1, B.2, B.3 and B.4
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Figure B.2 — Test plan B.1 — Expected test time to decision
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Figure B.3 — Test plan B.2 — Expected test time to decision
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Figure B.4 — Test plan B.3 — Expected test time to decision

2,5
2,0
/ //-—‘
15 /
Timy
1,0
0,5
0,0
0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6
mlmg IEC 664/12

Figure B.5 — Test plan B.4 — Expected test time to decision
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B.2 Test plans B.5 to B.8
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Figure B.6 — Operating characteristic curves for test plans B.5, B.6, B.7 and B.8
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Figure B.7 — Test plan B.5 — Expected test time to decision
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Figure B.8 — Test plan B.6 — Expected test time to decision
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Figure B.9 — Test plan B.7 — Expected test time to decision
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