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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
RELIABILITY TESTING –  

COMPLIANCE TEST PLANS FOR SUCCESS RATIO 
 

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 61123 has been prepared by IEC technical committee 56, 
Dependability. 

This second edition cancels and replaces the first edition published in 1991. This edition 
constitutes a technical revision.  

This edition includes the following significant technical changes with respect to the previous 
edition: 

a) The sequential probability ratio test (SPRT) [1, 2]1 has been significantly developed in 
recent years [3, 4, 5]. This edition contains shorter and accurate tests, a wide range of test 
plans, and significant additional characteristic data, as follows: 
– the tests are significantly truncated (the maximum trial numbers are low) without 

substantially increasing the expected number of trials to decision (ENT); 
– the true producer’s and consumer’s risks (α', β') are given and very close to the nominal 

(α, β); 

______________ 

1 Numbers in square brackets refer to the bibliography. 
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– the range of the test parameters is wide (failure ratio, risks and discrimination ratio); 
– the test plans include various risk ratios (not restricted to equal risks only); 
– the values of ENT are accurate and given in the relevant region (for practical use); 
– guidelines for extension of the test sets (interpolation and extrapolation) are included. 

b) In Annex C, the use of the cumulative binomial distribution function of Excel that simplifies 
the procedure of designing has been added (Clause C.3).  

The text of this International Standard is based on the following documents: 

FDIS Report on voting 

56/1852/FDIS 56/1873/RVD 

 
Full information on the voting for the approval of this International Standard 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. 

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

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

 

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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INTRODUCTION 

A compliance test is an essential part of the reliability assurance system. Reliability is affected 
by many random factors, so its prediction is not accurate. The direct way to check if the 
item/system meets its reliability specifications is to perform a compliance test. 

The test serves to verify the compliance with the specified probability that an item will perform 
as required. The outcome of each trial of the test is either success or failure. 

The probability of making the correct decision in the test depends on the sample size (number 
of trials). The tests require a large sample size and, accordingly, a large consumption of funds 
and time. The consumptions are especially high for reliability testing. For this reason, sampling 
plans of the tests must be carefully planned in order to reduce the sample size. 

This document is dedicated to sampling plans for the tests. 

The procedures are based on the assumption that trials of the test are statistically independent 
and the probability of success, q in them is constant. This document also applies the probability 
of failure p = 1 – q. 

The tests are characterized by operating characteristic (OC) and number of trials to decision. 

OC is the probability of accepting an item as meeting the requirements. In this document, the 
OC is represented by the coordinates of its two points (see ISO 3534-2): 

– (p0, 1 – α) are the coordinates of the producer’s risk point (PRP); 

– (p1, β) are the coordinates of the consumer’s risk point (CRP). 

The number of trials to reaching a decision regarding the test is a random value and in this 
document is usually characterized by its expected (ENT) and maximum (MaxNT) values. 

This document contains two types of tests: 

– truncated sequential probability ratio test (SPRT);  
– fixed trial/failure terminated test (FTFT). 

The FTFT is characterized by decision rules for accepting or rejecting compliance when the 
termination trials number nf (MaxNT) has been reached, or the acceptable number of failures c 
has been exceeded. This test has the smallest nf among all tests with specified PRP and CRP. 
When testing objects with p ≤ p0, ENT is close to nf, and for p > p0, ENT decreases significantly. 
Another advantage of the FTFT is the ability to conduct all trials simultaneously, but ENT 
increases and becomes equal to nf. 

In the SPRT, the decision is made after each trial: accept or reject compliance, or continue 
testing. This document contains a truncated SPRT with MaxNT = nt. This nt is 1,1 to 1,2 times 
greater than nf of the FTFT with the same PRP and CRP. However, the ENT of the SPRT is 
significantly smaller than that of the corresponding FTFT, and for p ≤ p0 it can be 1,4 to 1,8 
times smaller. This is a great advantage of the SPRT. If it is necessary to shorten the calendar 
time of the SPRT, it is possible to run the trials by small portions of nt, while the OC and ENT 
will not change significantly. 

The planning of the SPRT is quite complicated so this document contains extensive tables with 
ready-to-use test plans and their characteristics. Tests are listed for α = β as well as for α ≠ β. 
The tables also allow the design of additional tests by simple interpolation and, for small p0, by 
extrapolation. 
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Some of the tests have a very large sample size, which will probably be used rarely. However, 
the data allow the user of this document to assess the economic benefit of the OC test 
requirements and, in general, to assess the advisability of performing the test. 

The test is used for reliability testing; for example, to check compliance of the reliability of a 
non-repairable item for a given time interval (warranty period or designed lifetime). The test 
makes no assumption on whether the failure rate is constant or non-constant. IEC 61124 
assumes a constant failure rate and is more statistically efficient since it takes the accumulated 
operating time into account. 

Clause 4 presents the types of tests and recommendations for their selection. It also discusses 
the ability to reuse items during the test. Clause 5 explains the parameters of the stopping 
boundaries and the characteristics of the SPRT (their values are given in Annex D). Clause 6 
is devoted to the FTFT, a table with parameters of stopping boundaries and characteristics is 
given. Annex A is devoted to the SPRT and provides examples of choosing a test by cost-
benefit considerations, extension of the test set of Clause 5 by extra- and interpolation. 
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RELIABILITY TESTING –  
COMPLIANCE TEST PLANS FOR SUCCESS RATIO 

 
 
 

1 Scope 

This international standard is intended to define a procedure to verify if a reliability of an 
item/system complies with the stated requirements. The requirement is assumed to be specified 
as the percentage of success (success ratio) or the percentage of failures (failure ratio).  

This document can be used where a number of items are tested (number of trials performed) 
and classified as passed or failed. It can also be used where one or a number of items are 
tested repeatedly. The procedures are based on the assumption that the probability of success 
or failure is the same from trial to trial (statistically independent events). Plans for fixed 
trial/failure terminated tests as well as truncated sequential probability ratio tests (SPRTs) are 
included. This document contains extensive tables with ready-to-use SPRT plans and their 
characteristics for equal and non-equal risks for supplier and customer. 

In the case of the reliability compliance tests for constant failure rate/intensity, IEC 61124 
applies. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements 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 60050-192:2015, International Electrotechnical Vocabulary – Part 192: Dependability 
(available at http://www.electropedia.org) 

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

3 Terms, definitions, abbreviated terms and symbols 

3.1 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

ISO and IEC maintain terminological databases for use in standardization at the following 
addresses:  

• IEC Electropedia: available at http://www.electropedia.org/ 

• ISO Online browsing platform: available at http://www.iso.org/obp 

3.1.1  
success ratio 
probability that an item will perform as required or that a trial will be successful under stated 
conditions 

Note 1 to entry: An observed success ratio is the ratio of the number of non-faulty items or of successful trials at 
the completion of testing, to the total number of test items or number of trials. 
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3.1.2  
failure ratio 
probability that an item will fail or that a trial will be unsuccessful under stated conditions 

Note 1 to entry: An observed failure ratio is the ratio of the number of faulty items or of unsuccessful trials at the 
completion of testing, to the total number of test items or number of trials. 

3.2 Abbreviated terms and symbols 

3.2.1 Abbreviated terms 
AQL acceptable quality level 
CRP consumer’s risk point 
ENT expected number of trials to decision  
FTFT fixed trial/failure terminated test 
LQ limiting quality 
MaxNT maximal number of trials to decision 
OC operating characteristic 
PRP producer’s risk point 
SPRT (truncated) sequential probability ratio test (in some literature called probability ratio 

sequential test (PRST)) 

3.2.2 Symbols  
α  nominal producer's risk (type I risk) 
α'  true producer's risk (type I risk) 
β  nominal consumer's risk (type II risk) 
β'  true consumer's risk (type II risk) 
c  acceptable number of failures or unsuccessful events during the test 
D nominal discrimination ratio, D = p1 / p0 = (1 – q1) / (1 – q0) 

D'  true discrimination ratio 
ha intercept value of the accept line on the vertical axis of the SPRT diagram (Figure 2) 

hr intercept value of the reject line on the vertical axis of the SPRT diagram (Figure 2) 

n  number of items, number of trials, number of events, sample size 
ne  ENT 

ne,j indexed ne , where j = L, 0, M, 1, H (which are related to five values of p as in Figure 4) 

nf  number of items, number of trials, number of events, sample size required for 
acceptance in an FTFT 

ns  accumulated number of trials in a sequential test plan 

nt  number of items, number of trials, number of events, sample size at truncation in an 
SPRT 

p  true failure ratio, p = 1 – q 
p0  specified acceptable failure ratio, corresponding to acceptable quality level (AQL) 

p1  unacceptable failure ratio, corresponding to limiting quality (LQ), p1 = p0 D 

Pa  probability of acceptance  

q  true success ratio, q = 1 – p 
q0  specified acceptable success ratio, q0 = 1 – p0 

q1  unacceptable success ratio, q1 = 1 – p1 
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r  number of relevant failures or relevant unsuccessful events 
rt  number of relevant failures or relevant unsuccessful events at truncation 

s  slope of accept and reject lines in the sequential test diagram (see Figure 2) 

4 General requirements and area of application  

4.1 Reliability requirement 

The requirement is assumed to be specified as: 

– acceptable success ratio, q0 or  

– acceptable failure ratio, p0 (p0 = 1 – q0).  

In addition, a fixed time interval must be specified (see 3.1.1 and definition of reliability in 
IEC 60050-192:2015, 192-05-05). 

These test plans are based on the assumption that each trial is statistically independent and 
that the probability of success (or failure) is constant (do not change from one trial to another), 
i.e. the binomial distribution assumptions apply. The true producer's and consumer's risks for 
the fixed trial/failure terminated test plans (Tables E.1 to E.3) differ from the nominal 
characteristics, α and β, due to the necessary approximations to whole numbers. For the SPRT 
(Table D.1), the true risks are equal to the nominal (exceptional case – see Note 1 of Table 2). 

4.2 Repair and replacement 

The test plans given in this document are applicable to reused as well as non-reused (one-shot) 
items. Reused items may be repaired between successive trials, provided that the state and 
performance are the same at the start of all trials. For non-reused items, a separate test item 
(having the same performance) is used for each trial. 

4.3 Types of test plans 

4.3.1 General 

Test plans are given for two types of tests: 

– truncated sequential probability ratio test (SPRT); 
– fixed trial/failure terminated test (FTFT). 

For SPRT see Clause 5. Clause 6 includes ready-to-use FTFT plans. Clause 7 includes 
guidelines for planning additional FTFTs which are not covered in Clause 6. 

The detailed reliability test specification shall state which type of test and which test plan are 
to be used. Guidance on the choice of type of test is similar to that given in IEC 60300-3-5 for 
SPRTs and FTFTs for the case in which the failure rate/intensity is a function of time.  

4.3.2 Features of the test plan types 

In order to choose between the two types of test for a specified OC, it is necessary to make a 
comparison between their MaxNT and ENT. A qualitative comparison between SPRT and FTFT 
is given in the Introduction. In Figure 1 and Table 1, data is given for a quantitative comparison. 
Table 1 shows some of the ready-to-use test plans available in this document. For each test, 
two parameters of the number of trials to decision are listed: MaxNT (nt for SPRT or nf for FTFT) 
and point ne,0 of ENT (see Figure 1). For the SPRT, for p ≤ p0 or p ≥ p1, there is a very small 
probability that the number of trials to decision will reach nt. ENT of the FTFT, shown  
in Figure 1, is obtained when the FTFT is conducted sequentially and after each trial a decision 
is made to stop/continue the test. When all FTFT trials are conducted simultaneously, the 
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calendar test time is shortened, but the number of trials increases and becomes equal to 
MaxNT. 

In addition to choosing either SPRT or FTFT, Table 1 helps the users choose the relevant area 
of the desired test characteristics (OC and the number of trials). Table 1 contains only part of 
the ready-to-use test plans available in this document. Information about all these plans is given 
in Clause 5 (for SPRT) and in Clause 6 (for FTFT). 

 

NOTE This figure is drawn for p0 = 0,01, D = 3 (p1 = 0,03), α’ = β’ = 0,094. 

Figure 1 – Expected and maximal number of trials for SPRT and FTFT 
with the same risks 

4.4 General test procedure 

The test items should be subjected to the number of trials according to the relevant test plan. 
For reused, replaced or repaired items, the detailed reliability test specifications should 
preferably state the number of test items as well as the maximum number of trials for each test 
item. 

A trial is defined as the operation or cycle as described in the detailed reliability test 
specification. 

4.5 General decision criteria 

All test plans and decision criteria are based on either: 

– an acceptable number of relevant failures for a specified number of trials; or 
– an acceptable number of trials for a specified number of relevant failures. 

The numbers of trials and relevant failures (see IEC 60300-3-5) are counted and compared with 
the decision criteria of the test plan. 

The detailed decision criteria for the two types of test plans are given in 5.2, 6.2 and 7.7, 
respectively. 
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Table 1 – Overview – Maximal number of trials and expected number 
of trials at p0 for SPRT and FTFT 

α β Test 
type 

Para-
meter 

p0 = 0,001 p0 = 0,01 p0 = 0,1 

D =1,5 D = 2 D = 3 D = 5 D =1,5 D = 2 D = 3 D = 5 D =1,5 D = 2 D = 3 

0,05 0,05 

SPRT 

nt 
63 969 18 687 6 015 2 407 6 316 1 866 601 199 558 158 51 

ne,0 
30 397 9 268 3 106 1 129 3 004 910 303 112 264 78 25 

FTFT 

nf 
53 998 15 703 5 232 – 5 320 1 567 521 – 474 135 41 

ne,0 
53 848 15 624 5 197 – 5 293 1 553 513 – 460 127 36 

0,1 0,1 

SPRT 

nt 
38 019 11 007 3 814 1 590 3 719 1 103 382 116 331 96 33 

ne,0 
20 464 6 266 2 038 744 2 035 612 199 75 179 52 18 

FTFT 

nf 
32 922 10 061 3 090 – 3 215 945 308 – 288 86 25 

ne,0 
32 675 9 948 3 029 – 3 183 928 299 – 277 80 22 

0,2 0,2 

SPRT 

nt 
16 092 4 790 1 611 782 1 610 479 162 53 146 43 18* 

ne,0 
9 786 2 936 963 353 961 288 94 39 83 27 8* 

FTFT 

nf 
14 291 4 537 1 426 – 1 428 453 142 – 134 39 14 

ne,0 
13 927 4 374 1 348 – 1 389 435 133 – 127 35 12 

0,3 0,3 

SPRT 

nt 
6 449 2 050 1 075 388* 643 203 105 34* 31* 13 – 

ne,0 
3 906 1 159 383 234* 383 114 38 23* 23* 9 – 

FTFT 

nf 
5 407 1 807 813 – 540 180 81 – 53 18 8 

ne,0 
5 041 1 645 751 – 502 163 74 – 48 15 6 

0,05 0,1 SPRT 

nt 
48 380 13 979 4 667 1 864 4 758 1 401 465 188 461 119 40 

ne,0 
23 649 7 238 2 356 853 2 344 705 231 82 197 61 18 

0,1 0,05 SPRT 

nt 
48 776 14 295 4 599 1 727 4 803 1 428 461 169 430 121 38 

ne,0 
27 707 6 225 2 826 1 026 2 732 829 275 99 239 71 22 

0,05 0,2 SPRT 

nt 
36 138 10 819 3 321 1 345 3 545 1 015 335 139 316 89 28 

ne,0 
15 876 4 740 1 602 574 1 565 476 155 55 137 40 12 

0,2 0,05 SPRT 

nt 
36 660 11 232 3 714 1 437 3 655 1 126 364 150 322 97 40 

ne,0 
21 997 6 642 2 220 820 2 173 650 218 79 192 56 17 

NOTE For FTFT, the values of α and β are approximate. For SPRT, the values of α and β are insignificantly different 
from nominal, except those marked with asterisks, for which the exact values are indicated in Table D.1. 
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5 Truncated sequential probability ratio test plans (SPRT) 

5.1 Characteristics 

Sequential test plans are characterized by decision rules for accepting or rejecting compliance, 
or for continuing testing, after any number of trials. They are determined by selected values of 
risks and discrimination ratio. In order to choose a test plan, the acceptable failure ratio, p0 has 
to be specified (or derived). 

Associated operating characteristic curves and values of the expected relevant number of trials 
to decision are included. 

Table D.1 presents the appropriate test plans for various p0, D, α' and β'. The table contains 
parameter values of ha, hr, s, nt, rt (Figure 2) and ne (on 5 points, Figure 4) for each test plan. 

NOTE  nt and rt (that determine the truncation) were chosen as small as possible without significantly increasing 
the ENT [3, 4]. 

The range of the test parameters in Table D.1 are as in Table 2: 

Table 2 – Range of the test parameters 

p0 0,001  0,002  0,005  0,01  0,02  0,05  0,1  0,2 

D 1,5  1,75  2  3  5 

α 0,025 0,05 0,1 0,2 0,3 0,4 

β 0,025 0,05 0,1 0,025 0,05 0,1 0,2 0,025 0,05 0,1 0,2 0,4 0,05 0,1 0,2 0,3 0,1 

NOTE 1 For a few short tests, mainly for D = 5 and α and β = 0,3, the deviation from the nominal risks is significant 
because of the discreteness of the tests, and no suitable test is available. 

NOTE 2 Extension of test sets is available, see Clause A.2 and [3, 4, 5].  

 

5.2 Decision criteria 

The decision criteria are as follows: 

– accept if sns – ha ≥ r; 

– continue if sns – ha < r < sns + hr; 

– reject if r ≥ sns + hr. 

The SPRT shall be truncated at lines based on the values nt, rt given in Table D.1 .  

The truncation gives rise to the following additional criteria: 

– accept if ns = nt – rt + r and r < rt; 

– reject if r > rt. 

The accumulated results are checked against the criteria after each trial and a decision is made 
whether to accept, continue or reject. 
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NOTE This figure is drawn for p0 = 0,01, D = 3 (p1 = 0,03), α ' = β' = 0,100. 

Figure 2 – SPRT diagram 

5.3 Operating characteristic curve (OC) 

For any of the truncated sequential tests, the following approximate points on the operating 
characteristic curve are given in Table 3 and Figure 3: 

Table 3 – OC curve 

p Pa 

0p D  ~ 1 

p0 1 – α 

s ( )
ln(1 ) ln

ln(1 ) ln ln ln 1
β α

β α β α
− −

− − − + −
  

p1 β 

1p D   ~ 0 

NOTE For α = β case, Pa(s) = 0,5. 

 

In addition, the methodology for detailed calculation of the OC by Wald [1] is described in [3, 
Subsection 2.2] and in [4, Appendix A]. 
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NOTE This figure is drawn for p0 = 0,01, D = 3 (p1 = 0,03), α ' = β' = 0,100. 

Figure 3 – OC curve  

5.4 Expected number of trials to decision (ENT) 

For any of the truncated sequential test plans in Table D.1 the ENT curve is defined via 5 points 
(ne,j) versus the true failure ratio (p), and according to Table 4 and Figure 4: 

Table 4 – ENT (ne) versus true failure ratio (p) 

p 0p D  0p  0p D  1 0p p D=  1p D  

ne,j ne,L ne,0 ne,M ne,1 ne,H 

NOTE j = L, 0, M, 1, H (see Figure 4). 

 

 

NOTE This figure is drawn for p0 = 0,01, D = 3 (p1 = 0,03), α ' = β' = 0,100.  

Figure 4 – SPRT – Curve of expected number of trials to decision (ENT)  
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6 Fixed trial/failure terminated test plans (FTFT) 

6.1 Characteristics 

Trial/failure terminated test plans are characterized by decision rules for accepting or rejecting 
compliance when the termination number of trial has been reached or the acceptable number 
of relevant failures has been exceeded. The test plans are determined by selected values of 
risks and discrimination ratio. To implement a test plan, the acceptable failure ratio, p0 has to 
be specified (or derived). 

Table 5 presents appropriate test plans for various values of the specified p0, D, α and β. 

Associated OC curves and the exact values of α' and β' can be calculated using the methodology 
given in C.3.4. 

6.2 Decision criteria 

The decision criteria are as follows: 

– accept if r ≤ c  at n = nf; 

– reject if r > c  at n ≤ nf. 

EXAMPLE: 

p0 = 0,01; D = 3,0 (p1 = 0,03); α = β = 10 %. From Table 5 a number of trials nf = 308 would be required and an accept 
decision is made if r ≤ 5. 

NOTE The curves of Annex E (Figures E.1 to E.3) are useful in giving an overview of the characteristics of the 
different test plans. 

Table 5 – Fixed trial/failure terminated test plans 

q0 p0 D 
α = β = 5 % α = β = 10 % α = β = 20 % α = β = 30 % 

nf c nf c nf c nf c 

0,999 5 0,000 5 1,5 108 002 66 65 849 40 28 584 17 10 814 6 
  1,75 51 726 34 32 207 21 14 306 9 5 442 3 
  2 31 410 22 20 125 14 9 074 6 3 615 2 
  3 10 467 9 6 181 5 2 852 2 1 626 1            
0,999 0,001 1,5 53 998 66 32 922 40 14 291 17 5 407 6 
  1,75 25 861 34 16 102 21 7 152 9 2 721 3 
  2 15 703 22 10 061 14 4 537 6 1 807 2 
  3 5 232 9 3 090 5 1 426 2 813 1            
0,995 0,005 1,5 10 647 65 6 581 40 2 857 17 1 081 6 
  1,75 5 168 34 3 218 21 1 429 9 544 3 
  2 3 137 22 1 893 13 906 6 361 2 
  3 1 044 9 617 5 285 2 162 1            
0,99 0,01 1,5 5 320 65 3 215 39 1 428 17 540 6 
  1,75 2 581 34 1 607 21 714 9 272 3 
  2 1 567 22 945 13 453 6 180 2 
  3 521 9 308 5 142 2 81 1            
0,98 0,02 1,5 2 620 64 1 605 39 713 17 270 6 
  1,75 1 288 34 770 20 356 9 136 3 
  2 781 22 471 13 226 6 90 2 
  3 259 9 153 5 71 2 40 1            
0,97 0,03 1,5 1 720 63 1 044 38 450 16 180 6 
  1,75 835 33 512 20 237 9 90 3 
  2 519 22 313 13 150 6 60 2 
  3 158 8 101 5 47 2 27 1            
0,96 0,04 1,5 1 288 63 782 38 337 16 135 6 
  1,75 625 33 383 20 161 8 68 3 
  2 374 21 234 13 98 5 45 2 
  3 117 8 76 5 35 2 20 1            
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q0 p0 D 
α = β = 5 % α = β = 10 % α = β = 20 % α = β = 30 % 

nf c nf c nf c nf c 
0,95 0,05 1,5 1 014 62 610 37 269 16 108 6 
  1,75 486 32 306 20 129 8 54 3 
  2 298 21 187 13 78 5 36 2 
  3 93 8 60 5 28 2 16 1            
0,94 0,06 1,5 832 61 508 37 224 16 90 6 
  1,75 404 32 244 19 107 8 45 3 
  2 248 21 155 13 65 5 30 2 
  3 77 8 50 5 23 2 13 1            
0,93 0,07 1,5 702 60 424 36 192 16 77 6 
  1,75 336 31 208 19 92 8 38 3 
  2 203 20 125 12 55 5 25 2 
  3 66 8 42 5 20 2 11 1            
0,92 0,08 1,5 613 60 371 36 168 16 67 6 
  1,75 294 31 182 19 80 8 34 3 
  2 177 20 109 12 48 5 22 2 
  3 57 8 37 5 17 2 10 1            
0,91 0,09 1,5 536 59 329 36 149 16 60 6 
  1,75 253 30 154 18 71 8 30 3 
  2 157 20 96 12 43 5 20 2 
  3 51 8 33 5 15 2 9 1            
0,9 0,1 1,5 474 58 288 35 134 16 53 6 
  1,75 227 30 138 18 64 8 27 3 
  2 135 19 86 12 39 5 18 2 
  3 41 7 25 4 14 2 8 1            
0,85 0,15 1,5 294 54 181 33 79 14 35 6 
  1,75 141 28 87 17 42 8 18 3 
  2 85 18 53 11 21 4 12 2 
  3 26 7 16 4 9 2 5 1            
0,8 0,2 1,5 204 50 127 31 55 13 26 6 
  1,75 98 26 61 16 28 7 13 3 

  2 60 17 36 10 19 5 9 2 
  3 17 6 9 3 4 1 4 1 

 

7 Design of fixed trial/failure terminated test plans  

7.1 Characteristics 

Trial or failure terminated test plans are characterized by decision rules for accepting or 
rejecting compliance when the stated number of trials has been reached or the acceptable 
number of relevant failures has been exceeded. The purpose-designed test plans are 
determined by selected values of risks and the chosen number of trials. The derived 
discrimination ratio is used to evaluate the test plan. 

The procedures of this clause can also be used when a pre-determined calendar test time is 
adopted and the total number of events is determined. 

7.2 Approach 

The procedures given in this clause allow the user to select the test or calendar time during 
which the total number of trials or events occurs, in order to meet particular needs regarding 
for example economy, resources, administration or time scheduling. 

It is assumed that the total number of trials or events is proportional to the total time of test and 
is predictable. Thus this clause should enable the user easily to make flexible test plans utilizing 
all available data during the test period by: 

– designing and evaluating a preliminary test plan based on the predicted number of events; 
– tailoring and evaluating the final test plan after termination of the test; 
– estimating the number of events required to suit given characteristics of the test plan, such 

as discrimination ratio and risks. 
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The final test plan is conditional on the resulting number of events, n. The procedure is based 
on the assumption, however, that n is fixed ("inverse sampling"). 

7.3 Common case 

The test plan parameters are usually specified as: 

– number of test items or events, n; 
– nominal producer's risk, α; 
– nominal consumer's risk, β (= α), (for α ≠ β refer to C.3.2); 
– a maximum value of the discrimination ratio, D, if necessary. 

On the basis of these parameters the unknown parameters: 

– actual discrimination ratio, D; 
– acceptable number of failures, c; 

are derived by means of the procedure given in 7.6. 

7.4 Other cases 

In many practical cases the number of events, n, is not known. In such cases a preliminary test 
plan is designed with a predicted (or assumed) n. From this plan it is then judged whether a 
reasonable D can be obtained and whether the plan is otherwise suitable. 

If the plan is not suitable, for example if D > 5, then the number of events, n, shall be increased 
sufficiently. This may be done by extending the calendar test time, thus increasing the number 
of events. The calculations are then repeated, possibly with other test plan parameters modified 
and new judgments made until the conditions are fulfilled. 

7.5 Example of application 

Typical applications of Clause 7 are the evaluation of success ratio/failure ratio/percent 
defective (non-conforming) when the test plans in Clauses 5 or 6 are for any reason not 
applicable. 

In cases where other combinations of test plan parameters are specified primarily, the 
procedure is modified accordingly. These cases are discussed in 7.6 and examples presented 
in Annex B. 

Mathematical procedures and formulas for the figures and tables are given in Annex C. 

7.6 Procedure to determine D and c or n and c 

7.6.1 Figure and table readings 

The figures and tables are given in Annex E. Figure 5 shows the principal layout of Tables E.1 
to E.3. 

The figures and tables are based on the following fixed parameter values: 

Figure E.1 p0 = 0,05 (q0 = 0,95) 

Figure E.2 p0 = 0,10 (q0 = 0,90) 

Figure E.3 p0 = 0,15 (q0 = 0,85) 
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In all figures and tables:  

α = β: 1 %, 2,5 %, 5 %, 10 %, 15 %, 20 % 

NOTE 1 The risk values are nominal. 

The figures show approximate D values in the range 1 ... 5 versus n in the range 1 ... 500 (Iog 
scale). 

NOTE 2 For n > 20 the approximation is fair to good. The accuracy is discussed in Annex C. 

The tables show exact c values versus n in the range 1 ... 300. 

NOTE 3 The risks α' and β' can be derived using Formula (C.1) or Formula (C.2). 

 

Figure 5 – Principal layout of Tables E.1 to E.3 

7.6.2 Use of figures and tables 

For specified p0 the figures may be used in two ways: 

a) Read D for given n and for α = β. 
Purpose: to judge by means of D whether the test plan is acceptable and fulfils all 
requirements. 

b) Read n for given D and for α = β. 
Purpose: to estimate the sample size, such as the number of test items or the calendar test 
time (if n is proportional to this time). 

The tables are always used to find the acceptable number of failures c for given or derived n 
and given α = β for the compliance test plan. 

7.7 Decision criteria 

The acceptable number of failures, c, as determined, is compared with the observed number of 
relevant failures (or unsuccessful events), r, during the test. 

The decision criteria are as follows: 

– accept if r ≤ c  at n = nf; 

– reject if r > c  at n ≤ nf. 
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Annex A 
(informative) 

 
Additional information on sequential test plans  

A.1 Example 

In order to reduce the test cost, it is necessary to minimize both the number of trials at truncation 
(nt) and the ENT (ne). Table D.1 provides all the necessary data to choose a test by cost-benefit 
considerations (p0, D, s, α, β, nt, ne,j). 

The reliability specifications determine the desired test parameter as in the following example: 

p0 = 0,01, D = 2 (p1 = 0,02), α = β = 0,05. This test requires (see Table D.1) nt = 1866 and 
ne,0 = 910, that is both costly and time consuming for the user. It is possible to compromise with 
the test discrimination ratio and risks and to use a shorter and “cheaper” test: 

p0 = 0,01, D = 3 (p1 = 0,03), α = β = 0,1. This test requires (see Table D.1) nt = 382 and  
ne,0 = 199. 

The cheaper test requires less trials at the maximum (nt = 382 versus 1 866) and on the average 
(see ne,j in Table D.1 and Figure 4). In this test, the product with a higher percentage of 
non-complying items can be accepted (p1 = 0,03). In this test, there are also higher α and β (the 
risks are that a complying product will be rejected and that a non-complying product will be 
accepted).  

Table D.1 provides all the necessary data to construct the test’s boundaries (ha, hr, s, nt, rt). 
The test boundaries (Figure 2) are in accordance with the decision criteria (see 8.2). The 
boundaries for this example are shown in Figure A.1. The accumulated results are checked 
after each trial and a decision is made when crossing over one of the boundaries. 

 

NOTE p0 = 0,01, D = 3 (p1 = 0,03), α = β = 0,100. 

Figure A.1 – Example of a truncated sequential test 
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A.2 Extension of the test set (through interpolation and extrapolation)  

A.2.1 General 

If a test plan is needed which is not included in Table D.1, its planning is possible according to 
the following. 

A.2.2 Extrapolation for p0 < 0,001  

For these cases, the test parameters can be evaluated by the reference test plan of  
p0 = 0,001 (in Table D.1 ) with the same D, α and β, according to the following: 

k = (0,001/p0) 

ha, hr, rt – unchanged 

s = s0,001/k, or by direct calculation: 

 0 0

0 0

ln((1 ) / (1 ))
ln((1 ) / (1 )) ln

p D p
s

p p D D
− −

=
− − +

 (A.1) 

nt = (nt, 0,001 – rt) × k + rt 

ne,j = ne,j, 0,001 × k 

where the index 0,001 means that the parameters are from Table D.1 for p0 = 0,001. 

The high accuracy of this method, expressed as the relative error of α' and β', is less than 1,5 % 
and for ne is less than 0,2 %. 

A.2.3 Interpolation  

A.2.3.1 General 

General formula for linear interpolation: 

 ( )2 1
1 1

2 1

y yy x x y
x x
−

= − +
−

 (A.2) 

A.2.3.2 Interpolation by α and β 

For every p0, D, and α/β ratio available in Table D.1, it is possible to calculate the test for any 
α and β. It is performed by linear interpolation of the required parameters in ln α. The value of s 
is unchanged. 

The parameters ha, hr, nt, rt and ne,j, are calculated by Formula (A.2) 

where: 1 1 2 2ln ,    ln , ln xx x x= = =α α α ; 

α1, α2 are the α values of the referenced test pair from Table D.1; 

αx is the α value of the designed test; 

y, y1, y2 are the parameter values of the designed test and the reference test pair 
respectively. 
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Example of calculation of a test: p0 = 0,01, D = 2, α = 0,15, α/ β = 2 (nominal values): 

( ),2 ,1
, 1 ,1

2 1
ln ln

ln ln
a a

a x x a
h h

h h
−

= − +
−

α α
α α  

( ),
3, 418 ( 4,563) ln 0,15 ln 0,1 ( 4,563) 3,893
ln 0, 2 ln 0,1a xh − − −

= − + − = −
−

 

( ),2 ,1
, 1 ,1

2 1
ln ln

ln ln
t t

t x x t
r r

r r
−

= − +
−

α α
α α  

( ),
9 19 ln 0,15 ln 0,1 19 13,15 13

ln 0,2 ln 0,1t xr −
= − + = ≅

−
 

All other test parameters and characteristics should be calculated according to the same 
method. Table A.1 contains all the tests in question and demonstrates the high accuracy of the 
method. 

A.2.3.3 Interpolation by p0 

For every D, α, β, available in Table D.1 it is possible to calculate the test for 0,001 < p0 < 0,1. 
It is performed by interpolation of the required parameters: ha, hr, nt, rt and ne,j. The value of s 
is calculated by Formula (A.1).  

The parameters rt, ha, hr are calculated by Formula (A.2) 

where: 1 0,1 2 0,2 0,,  , xx p x p x p= = = ; 

p0,1, p0,2 are the p0 values of the reference tests pair from Table D.1 closest to the designed 
test; 
p0,x is the p0 of the designed test; 

y, y1, y2 are the parameter values of the designed test and the reference tests pair 
respectively. 

The parameters nt and ne,j are calculated by Formula (A.2) 

where: 1 0,1 2 0,2 0,ln ,  ln , ln xx p x p x p= = = ; 

y, y1, y2 are the ln nt or ln ne,j of the designed and reference tests respectively (for example, 
the setting for calculating nt is: 1 ,1 2 ,2 ,ln , y ln , lnt t t xy n n y n= = = ). 

This method permits calculation of test sets with sufficient accuracy for practical needs. 

A.2.3.4 Mixed parameter interpolation 

A method for planning tests with a mixed parameter interpolation (for other p0, D, α/β 
combinations) is available in [3, 4]. 
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Table A.1 – Example for interpolation by α and β 

p0 D, s α' β' ha hr nt rt ne,L ne,0 ne,M ne,1 ne,H  

0,
01

 

D
 =

 2
,0

  
s 

= 
0,

01
44

4 

0,100 0,050 -4,563 3,607 1 428 19 609 829 925 593 286 First reference 
test 

0,200 0,100 -3,418 2,574 724 9 422 489 482 354 205 Second 
reference test 

0,150* 0,075* -3,893 3,003 1 016 13 500 630 666 453 239 Interpolated 
designed test 

0,154 0,072 -3,893 3,003 1 016 13 505 633 657 455 240 Exact value 

-2,6 4,2 --- --- --- --- -1 -0,5 1 -0,4 -0,4 
Relative error 
of interpolated 
test, % 

NOTE * denotes the target value. 
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Annex B 
(informative) 

 
Design of fixed trial/failure terminated test plans − Examples  

NOTE Annex B is related to Clause 7.  

B.1 Use of figures and tables  

Specified parameters: p0 = 0,05; α = β = 20 %; 

n = 77 items available. 

Parameters to be derived: D and c. 

In Figure E.1, for n = 77 and α = β = 20 %, D = 2,0 is obtained and, in Table E.1, c = 5 is found. 

B.2 Case where number of events, n, is not known, but is predictable  

The specified requirement is that the 90 % fractile of repair time shall not exceed 3 h. The 
producer wishes α = 10 %. The consumer wishes the unacceptable fractile of repair time to be 
greater than 75 % and β = 10 %. Predicted number of repairs = 50 per year. Preliminary calendar 
test time = 0,5 year. This can be expressed in the form: 

Specified: q0 = 0,90; q1 = 0,75; α = β = 10 %; 

hence: p0 = 1 – q0 = 0,10; D ≤ (1 – 0,75) / (1 − 0,90) = 2,5; 

initially n = 0,5 x 50 = 25. 

To be derived: Actual nominal D, evaluation of a preliminary test plan and a new plan. 

Step 1: 
In Figure E.2 for n = 25 and α = β = 10 %, D = 3 is obtained, which is too high. Conclusion: 
n should be increased by increasing the calendar test time. 

Step 2: 
D is tentatively put to the maximum value, i.e. D = 2,5 and a value of n = 40 is read in  
Figure E.2. This may be obtained by increasing the calendar test time to 40/50 = 0,8 year, 
increased to 1 year to be safe. 

Step 3: 
A decision has to be made as to whether the test shall be terminated when 40 repairs have 
been obtained or the calendar test time shall be fixed as 1 year. Then proceed to Step 4a 
or to Step 4b, respectively. 

Step 4a: 
If n = 40 is chosen, then according to Table E.2, c is determined to c = 6 with D = 2,5. This 
is the final test plan, no need to follow the next design steps. 

Step 4b: 
Usually, however, other reliability measures are to be evaluated at the same calendar test 
time. In such cases it is generally advantageous to keep to a fixed calendar test time, in this 
case 1 year. Then proceed to Steps 5 and 6. 

Step 5: 
The test is performed with a calendar test time = 1 year, during which n = 44 repairs were 
observed. 
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Step 6: 
Values now specified: p0 = 0,1; α = β = 10 % as before; n = 44. 

Values to be derived: Actual D and c. 
In Figure E.2 for n = 44 and α = β = 10 %,  D = 2,4 is obtained and, in Table E.2, c = 7 is 
found. This is the final test plan. AII available data have been utilized. 

This method should only be used if the duration of each repair is not available. Calculation 
based on repair times is more statistically efficient. 
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Annex C 
(informative) 

 
Design of fixed trial/failure terminated test plans – 

Mathematical procedures and formulas  

C.1 General 

The procedures and formulas in Annex C may be used to compute the test plan parameters 
instead of reading the values from the figures and tables. 

Furthermore, test plan parameters for other values of p0 and α = β than those indicated may be 
computed. In addition, formulas, both exact and approximate, will be given for OC curves. 

C.2 Symbols 

AII symbols in Clause 3 also apply to this annex and the following additional symbols are used: 

Φ(u)  cumulative normal distribution; 
u γ  γ fractile of the cumulative normal distribution, γ = Φ(uγ); 

f (i,n,p) probability density function of the binomial distribution (the probability of observing 
exactly i failures); 

F(c,n,p) cumulative binomial distribution (the probability of observing c failures or less). 

( ) ( ) ( ), , 1 ,         ! ! ! ,n iin n
f i n p p p n n i i

i i
−   

= − = −      
   

 

  ( ) ( ) ( )
0 0

, , , , 1
c c

n ii

i i

n
F c n p f i n p p p

i
−

= =

 
= = − 

 
∑ ∑  (C.1) 

NOTE In this annex probabilities are in general not given as percentages. 

Formula (C.1) can be easily calculated in Excel by the BINOM.DIST function as follows: 

 F(c,n,p) = BINOM.DIST(c,n,p,TRUE). (C.2) 

C.3 Computation 

C.3.1 Determination of D versus n 

This case relates to Figures E.1 to E.3. 

Specified parameters: p0, n, α = β. 

Parameters to be derived: D. 

Procedure: 

Compute the D value by the approximate formula: 

 ( ) ( ){ }2
0 0 0, , sin arcsinD D p n p u n pα  = = +   (C.3) 
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where u = u1-α may be taken from Table C.1 or Table C.2, or calculated in Excel by the 
NORM.S.INV(1 – α) function. 

NOTE The graphs in Figures E.1 to E.3 are computed from Formula (C.3). 

C.3.2 Determination of n and c versus p0, D, α, β 

In this case α and β can be different. 

Specified parameters: p0, D, α, β. 

Parameters to be derived: n, c. 

Procedure: 

Step 1: 
If n is given, go to Step 2. Otherwise, compute the initial value of n by the approximate 
formula: 

 
( ) ( )

2

0 02arcsin 1 2arcsin 1

u u
n

p p D

 + =
 − − − 

α β  (C.4) 

Step 2: 
Find the initial value of c in Excel by:  

  c = BINOM.INV(n, p0, 1 − α), (C.5) 

or compute the c by the approximate formula (for n > 20): 

 ( ) ( ) ( )2
0 0, , sin arcsin 2 0,5c c p n n p u n = = + − α   (C.6) 

where u = u1-α may be taken from Table C.2, or calculated in Excel by the NORM.S.INV(1 − α) 
function. 
c is rounded to the nearest integer.  
Step 3: 
Using c, found in Step 2, find an integer n that gives α' and β' values in reasonable agreement 
with the specified α and β values. 

NOTE 1 The true risks α' and β' can be found from α' = 1 – F(c,n,p0) and β' = F(c,n p1) using Formula (C.2) or 
Formula (C.1).  

Step 4: 
If α' and β' are smaller than the specified α and β try с = с – 1 and return to Step 3. 
If there are no α ' and β' smaller than the specified α and β take с = с + 1 and return to Step 3. 

NOTE 2 The figures in Tables E.1 to E.3 are computed according to this subclause.  

C.3.3 Test without failures – Determination of n and D versus p0, α, β  

In this case c = 0. 

α and β can be different. 

Specified parameters: c = 0, p0, α, β. 

Parameters to be derived: n, D. 
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Procedure: 

Step 1: 
Compute the n by the formula: 

 ( ) ( )0ln 1 ln 1α= − −n p , (C.7) 

Step 2: 
Compute the D by the formula: 

 ( ) ( ){ }0 01 exp l n ln 1 ln 1β α = − − − D p p ,  (C.8) 

or compute the D by the approximate formula: 

  ( )0
01 αβ≈ − pD p ,  (C.9) 

NOTE The true risks α' and β' can be found from α' = 1 – F(c,n,p0) and β' = F(c,n,p1) using Formula (C.2) or 
Formula (C.1). 

EXAMPLE 

Specified: p0 = 0,001; α = β = 10 %. 

Derived: n = (105,3) rounded = 105 from Formula (C.7); D = 21,6 from Formula (C.8); or D = 22,7 from 
Formula (C.9). 

C.3.4 Determination of OC curves  

Specified parameters: n, c, range of p. 
Parameters to be derived: probability of acceptance Pa versus p, where Pa = F(c,n,p). 

Procedure: 

Compute F for a suitable range of values of p (for example from p0/D to p1*D) using 
Formula (C.2), or Formula (C.1).   

NOTE The true risks α' and β' can be found from α' = 1 – F(p0) and β' = F(p1). 

C.3.5 Determination of inverse OC curves  

Specified parameters: n, c, range of Pa. 

Parameters to be derived: p versus probability of acceptance Pa. 

Procedure: 

Step 1: 
Compute table values Pa = F(c,n,p) versus p for a suitable range of Pa  

(e.g. 0,001 ≤ Pa ≤ 0,999) according to C.3.4. 

Step 2: 
Based on the table, plot curve p versus Pa (the inverse OC curve). 

Step 3: 
Compute the accurate values of p0 and p1 as the roots of the equations: 
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 F(c,n,p0) – (1 – α) = 0  and  F(c,n,p1) – β = 0  (C.10) 

NOTE The roots can be found from the graphs of the OC curve (from C.3.4 or C.3.5) or using the add-in 
program Solver of Excel.  

C.4 Accuracy 

For n > 20 the accuracy of the approximate formulas is fair to good. In the following examples 
the approximate and true values may be compared. Regarding discrete functions, such as the 
binomial distribution, it should be noted that no nominal value is generally true, because both n 
and c have to be integers. 

EXAMPLE 1 

Table 5: 

Specified: p0 = 0,15; α = β = 10 %; D = 3. 
Derived: n = 16; c = 4; α' = 7,91 % for p0 = 0,15;  β ' = 8,53 % for p1 = 3 x 0,15. 

Annex B:  
Specified: p0 = 0,15; α = β = 10 %; n = 16. 
Derived: c = (3,98) rounded = 4 from Formula (C.6); D = 2,89 from Formula (C.3);  α' = 7,91 %; D' = 3,03 for β' 
= α'. 

EXAMPLE 2 

Table 5: 
Specified: p0 = 0,10; α = β = 10 %; D = 3. 
Derived: n = 25; c = 4; α' = 9,80 % for p0 = 0,10;  β ' = 9,05 % for p1 = 3 x 0,10. 

Annex B:  
Specified: p0 = 0,10; α = β = 10 %; n = 25. 
Derived: c = (4,23) rounded = 4 from Formula (C.6); D = 2,99 from Formula (C.3); α' = 9,80 %; D' = 2,96 for β' 
= α'. 

EXAMPLE 3 

Table 5: 
Specified: p0 = 0,10; α = β = 10 %; D = 2,5. 
Derived: n = 40; c = 6; α' = 9,95 % for p0 = 0,10;  β ' = 9,62 % for p1 = 2,5 x 0,10. 

Annex B:  
Specified: p0 = 0,10; α = β = 10 %; n = 40 
Derived: c = (6,24) rounded = 6 from Formula (C.6); D = 2,51 from Formula (C.3); α' = 9,95 %; D' = 2,49 for β' 

= α' 

C.5 Tables of cumulative normal distribution and its Inverse 

Table C.1 – Cumulative normal distribution for fixed uγ values 

uγ 2,5 2,0 1,5 1,25 1,0 0,5 0,0 

Φ(uγ) = γ 0,993 8 0,977 3 0,933 2 0,894 4 0,841 3 0,691 5 0,500 0 

1− γ 0,006 2 0,022 7 0,066 8 0,105 6 0,158 7 0,308 6 0,500 0 

Observe that uγ = − u1 – γ. 
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