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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EQUIPMENT RELIABILITY TESTING -

Part 6: Tests for the validity and estimation
of the constant failure rate and constant failure intensity

FOREWORD

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.

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.

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 madectoensure| 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 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 correspondingsnational(or regional publication shall be clearly indicated in
the latter.

IEC provides no marking procedure |tosindicate(]its.approval,_and/cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.

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

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.

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.

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 60605-6 has been prepared by IEC technical committee 56:
Dependability.

This third edition cancels and replaces the second edition, published in 1997, and constitutes a
technical revision.

The major technical changes with respect to the previous edition concern the inclusion of
corrected formulae for tests previously included in a corrigendum, and the addition of new
methods for the analysis of multiple items.
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The text of this standard is based on the following documents:

FDIS Report on voting
56/1181/FDIS 56/1191/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.

A list of all the parts in the IEC 60605 series, under the general title Equipment reliability
testing, can be found on the IEC website.

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.
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INTRODUCTION

The techniques given in this part of IEC 60605 for testing constant failure rate or constant
failure intensity assumptions are numerical and graphical procedures. The graphical methods
allow patterns, such as early failures and non-constant failure rates and intensities, to be
identified and estimated. The techniques are appropriate for analysing test or field data.



60605-6 © IEC:2007 -7-

EQUIPMENT RELIABILITY TESTING -

Part 6: Tests for the validity and estimation
of the constant failure rate and constant failure intensity

1 Scope

This standard specifies procedures to verify the assumption of a constant failure rate or
constant failure intensity, as defined in IEC 60050(191), and to identify patterns in the failure
rate or intensity. These procedures are applicable whenever it is necessary to verify such
assumptions. This may be due to a requirement or for the purpose of assessing any variation
with time of the failure rate or failure intensity.

The objectives of the methods specified in this standard are as follows:
— to test whether the times to failure of non-repaired items are exponentially distributed, i.e.
the failure rate is constant;

— to test whether the times between failures of repaired item(s) have any time trend, i.e. the
failure intensity does not exhibit an increasing or decreasing trend;

— to construct graphs|that, allow' the\pattetns»inthe failuré /rate' 'or /ffailure intensity to be
displayed, with a view to verifying whether they can be assumed constant, to estimate their
values or to identify the nature.of-any,departure from constancy.

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), International Electrotechnical Vocabulary (IEV) — Chapter 191: Dependability
and quality of service

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050(191) apply.
However, the following clarifications should be noted:

a) the term "time" can refer to length, cycles or other quantities;

b) the term "failure" can also refer to other specified events such as repair completion or any
other particular event;

c) the term “failure rate” is used to mean the instantaneous failure rate, also known as the
hazard function;

d) the procedures are applicable for time-to-failure data collected from both test as well as
from in the field. In this standard, the term “test” is used in Clauses 6 and 7 and can refer to
time data collected from both test as well as from in the field.
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4 Symbols

i, ]kl indicator variables

H, cumulative hazard function at i-th time to failure

M(T]) mean accumulated number of failures at time 7,

M(l) mean accumulated number of failures per 100 systems

m number of unique times to failure accumulated over all repaired items

N(T,) total number of items on test or in use at time 7,

N, (T,) indicator variable, set to 1 if failure of i-th item is observed at time Tj set to O if
failure of i-th item is not observed at time T]

n sample size, the total number of non-repaired items tested for constant failure
rate

R(i,n) estimate of the reliability at the i-th ordered time to failure ¢, used by the
graphical procedure when testing n items for constant failure rate

R reliability function computed for i-th ordered failure

r number jof relevant failures during test

r(]}) total number of failures, far,multiple.repaired items at time 7,

. (T]) number of failures for item i at accumulated time 7,

A number of relevant failures, during test for k& -th item

S, total time on test value for i-th time to failure

So initialization value for total time on test value, where S, =0

T, accumulated time to the i-th relevant failure

T total time accumulated to the 7 -th failure

. accumulated time to j -th failure of i-th item

T, ordered accumulated time to j -th failure 7, <7, <...<T,

T total time accumulated on test time

Tk* total time accumulated on test for k -th repaired item

t time corresponding to the i-th ordered failure, used when testing n items for
constant failure rate

t termination time of test for constant failure rate

U value of the statistic calculated from observed values, used when testing for

constant failure intensity or constant failure rate
o quantile of the standardized normal distribution
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Va’”(Tj) variance of M(Tf)used in the calculation of the confidence interval
7 normalized total time on test value for i-th failure
o risk of wrongly rejecting the assumption that the (instantaneous) failure rate or

the (instantaneous) failure intensity are constant, when they really are constant,
often known as the significance level.

5 Requirements

In order for the procedures specified in this standard to be valid, the following requirements
shall be satisfied.

When testing n non-repaired items, for the constant failure rate assumption,

— for the numerical procedures, at least six times to failure are required;
— for the graphical procedure, at least four times to failure are required.

When testing one or more repaired items, for the constant failure intensity assumption,

— for the numerical procedures, at least six times between failures are required;

— for the graphical procedure,atleast.four times between failures,are,required.

NOTE 1 For repaired items, the repair time is assumed to be negligible.

NOTE 2 Numerical procedures are given in the statistical tests for constant failure rate and constant failure
intensity (see 6.2, 7.2 and 7.3) and the confidence intervals (see 7.4). Graphical procedures are outlined in the
plotting methods given in Clauses 6 and 7.

NOTE 3 The justification of the minimum-  number of failures ,can be found in the references given in the
Bibliography.

6 Test for constant failure rate

6.1 General remark concerning Clause 6

This clause deals with tests for constant failure rate for non-repaired items. The test procedure
is shown in the form of a chart (see Figure 1).
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Statistical test 6.2

for constant >

failure rate

Non-repaired item

Probability plot 6.3

Graphical

methods
TTT plot » 6.4
Hazard plot » 6.5

IEC 529/07

Figure 1 — Tests for constant failure rate —
Chart showing structure of Clause 6

A formal statistical test for constant failure rate is given for tests terminated at a
predetermined time or failure.

Three graphical procedures are given as follows:

a) the probability plot is based on a linear transformation of the exponential distribution
function and is suitable when the setof,times to)failure are known for every non-repaired
item tested or when thetest of all items.is terminated;at a predetermined time or failure;

b) the total time on test plot (TTT!plot) iscan/ empiricab-ahd/scale-independent plot suitable for
data where the times to failure are known for all non-repaired items;

c) the hazard plot is a linear transformation of the cumulative hazard function for the
exponential distribution and is appropriate when the set of times to failure are known for
every non-repaired item tested, when the test of all items is terminated at a predetermined
time or failure, or when the times to failure of a non-repaired item are mixed with the
running times for items that have been removed from test at arbitrary points.

6.2 Statistical test for constant failure rate

This subclause applies when a sample of n items is put on test that is terminated at the time

of a pre-specified number of failures, 7 (failure terminated), or at a pre-specified time, t (time
terminated).

The operating environment shall be the same for all the items tested. At the end of the testing
period, not all of the items will have necessarily failed. There will be a total of » recorded
relevant times to failure.

Step 1

Order the times to failure in increasing order of magnitude and denote the ordered sample
[ SURY

For i =1 to r, compute the accumulated time to the i-th failure as
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T,=) t+(n—-i)t,
k=1

For failure terminated tests, the total time accumulated on test at the 7 -th failure is given by
T.=>t,+(n-r)t,
k=1
and for time terminated tests, the total time accumulated on test at ¢ is given by

T :Zr:tk +(n—r)t
k=1
Step 2

For each relevant accumulated test time 7, compute the appropriate quantity U .

r—1
T
T-(r=17
If failure terminated then U ==
N =i
N 12
r T*
T _7’?
If time terminated then: lhisosE] plyes
TiNAz
Step 3

Specify the significance level « to reject wrongly the assumption of constant failure rate, given
that it really is constant. Recommended values of « are given in Table 1.

Table 1 — Critical value U, as a function of o

Step 4

Reject the assumption of constant failure rate if the absolute value of U is greater than the
critical value given in Table 1. Otherwise, the assumption is not rejected.

o Critical value of Ua
0,025 2,24
0,050 1,96
0,100 1,64
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Large positive values of U occur whenever there is an increasing failure rate. Conversely,
large negative values of U occur whenever the failures occur at a decreasing rate.

6.3 Probability plot

This method is appropriate when the set of times to failure are known for every non-repaired
item tested or when the test of all items is terminated at a predetermined time or failure.

Step 1
Order the times to failure events 7., ¢,,...,7, from smallest to largest.

Step 2

Calculate the auxiliary function R(i,n) where i is the index of the corresponding time to failure
t,,and n is the sample size corresponding to the number of non-repaired items tested:

n—i+0,7

Ram == 04

NOTE It should be noted;that R(i, ) 'i§ 'an estimatelofithe reliability at'the i-th' ordered time to failure 7, when
testing 71 items for constant failure rate. Strictly the auxiliary function is an estimator of the reliability function and

conventionally would be represented byf?(i,n). However the.'hats’ have'been omitted within this standard as there
is no need to distinguish between the estimate and the true value.

Step 3

Plot the logarithm of R(i,n)against the corresponding time to failure or plot the auxiliary
function R(i,n) on the logarithmic scale of a semi-log paper.

NOTE Special probability paper can be used to construct the exponential probability plot.

Step 4

If the plot of this function looks linear, then there is no evidence to reject the assumption that
the failure rate is constant and the failure rate may be estimated as the absolute value of the
slope of the line. If the plot does not look linear then the assumption of constant failure rate
should be rejected.

6.4 Total time on test plot

The method is appropriate when the set of times to failure are known for every non-repaired
item tested.

Step 1

Order the times to failure events ¢, ,,...,¢, from smallest to largest, where ¢, <7, <...<¢ .
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Step 2
Calculate the total time on test (TTT) values, Sl.,i=‘|,2,...,n, corresponding to each time to
failure, setting Sy =0:

S, =nt,+(n-1)(t,—t;)+..+(n—i+1)(t,—t_,)

Step 3

Normalize the TTT-values by calculating

Step 4

Plot the normalized TTT-values Z, against the proportion of items that have failed by this time,

—,for i=1,2,...,n, on linear scale paper and join the plotted points by line segments.
n

Step 5

If the TTT plot looks linear, then there_is no evidence_to reject the assumption that the failure
rate is constant and the fdilure, rate may\be estimated as/ the' absolute,value of the slope of the
line. If the plot does not look linear, then the assumption of constant failure rate should be
rejected.

6.5 Hazard plot

This method is appropriate when the. set of times)to-failure are known for every non-repaired
item tested or when the test of all items is terminated at a predetermined time or failure. This
method is also appropriate when the times to failure of non-repaired items are mixed with the
running times for items that have been removed from test at arbitrary points.

Step 1

Order the event times, both failure and running, from smallest to largest and denote the i-th
ordered time by 7, (i.e. ¢, <, <..<t, <..<t)).

Step 2

Compute the reverse ranks of all the times, n,n—1n-2,....,2,1, where n represents the
number of events. The reverse rank of the i-th event is given by n—i+1.

Step 3

Calculate the hazard function at each failure time only as the ratio of 100 to the corresponding
reverse rank. Hence the hazard function at the i-th time, corresponding to a failure, is given by

100
n—i+1
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