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FOREWORD

This handbook has been prepared to meet a growing need for the use of standard sampling proce-
dures and tables for life and reliability testing in Government procurement, supply, and maintenance
quality control operations as well as in research and development activities where applicable.

A characteristic feature of most life tests is that the observations are ordered in time to failure. If,
for example, 20 radio tubes are placed on life test, and ¢, denotes the time when the i’th tube fails, the
data occur in such a way that {,<t,< ... £ t5. The same kind of ordered observations will occur
whether the problem under consideration deals with the life of electric bulbs, the life of electronic com-
ponents, the life of ball bearings, or the length of life of human beings after they are treated for a disease.
'The examples just given all involved ordering in time.

In destructive testing involving such situations as the current needed to blow a fuse, the voltage
needed to break down a condenser, the force needed to rupture a physical material, the test can often be
arranged in such a way that every item in the sample is subjected to precisely the same stimulus (current,
voltage, stress). If this is done, then clearly the weakest item will be observed to fail first, the second
weakest next, etc. While the random variable considered mostly in this handbook is time to failure, it
should be emphasized, however, that the methodology provided herein can be adopted to the testing
situations mentioned above where the random variable is current, voltage, stress, etc.

Chapter 1 of the handbook describes general procedures and definitions of terms used in life test
sampling. Chapter 2 describes specific procedures and applications of the life test sampling plans for
determining conformance to established reliability requirements.

An explanation of the system used in numbering the pages and paragraphs in this handbook is
appropriate. Each chapter carries its own independent sequence of page, paragraph, and table numbers.

- Pages are numbered as follows: the figure preceding the decimal point represents the number of the

chapter and the numbers following the decimal point denote the page within the chapter. Thus, page
2.16 means chapter 2, page 16. Paragraphs are numbered so that the first figure represents the number
of the chapter, the uppercase letter represents the section within the chapter, and finally the paragraph
number itself For example, 2A1.5 means chapter 2, section A, and paragraph 1.5. Tables and graphs
are numbered with the first figure representing the number of the chapter, the uppercase letter represent-
ing the section, and finally the table or figure number itself. Thus, table 2C-5 means chapter 2, section
C, table 5, and fig. 2D-3 means chapter 2, section D, figure 3.

Whenever the methodology or choice of procedures in the handbook require clarification, the user
is advised to consult a qualified mathematical statistician and reference should be made to appropriate
technical reports and other publications in the field.
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INTRODUCTION

The theory underlying the development of the life test s&mpling plans and procedures of chapter 2
of this handbook assume the measurements of the length of life are drawn from an exponenna,l distribu-
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have appeareq In the technical statistical journals. Professer Benjamin mpstein has published & ¢om
prehensive paper (in two parts) on this subject in the February and Mav 1960 issues of ‘“ Technometries.”

Part 1 of the paper contains descrlptlons of the mathematlcal and graphical procedures as well as an
extensive bibliography for reference purposes. Numerical examples illustrating the statistical pro-
cedures are included in Part II of the paper.

*B. Epstein. ‘“Tests for the Validity of the Assumption that the Underlying Distribution of Life is Exponential,’’
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GENERAL DEFINITIONS OF LIFE AND RELIABILITY TEST TERMS

1A1.1 Purpose. Chapter 1 of this handbook provides definitions of terms required for the use of the

& test sanipling plans and procedures of chapier 2.

1A1.2 Life Test. Life test is the process of placing the “unit of product’” under a specified set of test
conditions and measuring the time it takes till fatiure.

1A1.3 Unit of Product. The unit of product is the entity of product which may be placed on life test.

1A1.4 Specifying Failure. The state that constitutes a failure must be specified in advance of the life
test.

1AL.5 Life Test Sampling Plan. A life test sampling plan is a procedure which specifies the number of
units of product from a lot which are to be tested, and the criterion for determining acceptability of the

lot.

1A1.6 Life Test Terminated Upon Occurrence of Preassigned Number of Failures. Life test sampling
plans whereby testing is terminated when a preassigned termination number of failures, r, occur are
given n section 2B of this handbook.

1A1.7 Life Test Terminated at Preassigned Time. Life test sampling plans whereby testing is ter-
minated when a preassigned termination time, T, is reached are given in section 2C of this handbook.

1A1.8 Sequential Life Test. Sequential life test is a life test sampling plan whereby neither the num-
ber of failures nor the time required to reach a decision are fixed in advance but instead decisions depend
on the accumulated results of the life test. Information on the observed time to failure are accumulated
over time and the results at any time determine the choice of one among three possible decisions: (1) the
lot meets the acceptability criterion, (2) the lot does not meet the acceptability criterion, or (3) the evi-
dence is insufficient for either decision (1) or (2) and the test must continue. Sequential life test sampling
pians are given in section 2D of this handbook and have the advantage over the life test sampling plans
mentioned in paragraphs 1A1.6 and 1A1.7 in that, for the same operating characteristic curve, the ex-
pected waiting time and the expected number of failures required to reach a decision as to lot accepta-
bility are less for the sequential life tests.

1Al.5 Expecied Number of Failures. The number of failures required for decision is the number of
failures that have occurred at the time the decision as to lot acceptability is reached. For the life test
sampling plans mentioned in paragraph 1A1.6, this number of failures is known in advance of the life
test; but, for the sampling plans mentioned in paragraphs 1A1.7 and 1A1.8, this number cannot be pre-
determined. The expected number of failures required for decision is the average of the number of
failures required for decision when life tests are conducted on a large number of samples drawn at ran-
dom from the same exponential distribution. The expected number of failures can be predetermined

for the sampling plans mentioned in paragraphs 1A1.6, 1A1.7, and 1A1.8.

1A1.10 Expected Waiting Time. The waiting time required for decision is the time elapsed from the
start of the life test to the time decision is reached as to lot acceptability. The waiting time required for
decision cannot be predetermined for any of the sampling plans mentioned in paragraph 1A1.6, 141.7,
or 1A1.8. The expected waiting time required for decision is the average of the waiting times required
for decision when life tests are conducted on a large number of samples drawn at random from the same

1.1



oxponential distribution. The expected waiting time can be predetermined for the sampling plans men-

tioned in paragraphs 1A1.6, 1A1.7, and 1A1.8.

1A2 LENGTH OF LIFE

1A2.1 Length of Life. The terms “length of life’’ and “time to failure”’may be used interchangeably
and shall denote the length of time it takes for a unit, of product to fail after being placed on life test.
The length of time may be expressed in any convenient time scale such as seconds, hours, days, etc.

1A2.2 MeanTimetoFailure. Theterms‘“mean time tofailure” and “meanlife’”’ may be usedmterchange—

R Py | P ' N
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life is denoted by 6.

T A0 n o= I8,
1A4.9 Acceplduw Mean Life.
is considered satisfactory.

¢ minimum mean time o
1A2.4 Unacceptable Mean Life. The unacceptable mean life, 8;, (8,6}, is the mean time to failure
such that lot havmg mean life less than or equal to 6, are considered unsatisfactory. The interval be-
tween 6, and 6, is a zone of indifference in which there is a progressively greater degree of dissatisfaction

as the mean life decreases from 6, to 6,.

1A3.1 Proportion of Lot Fallmg Before Specified Time. The term ‘“‘proportion of lot failing before
specified time,” p, denotes the fraction of the lot that fails before some specified time T, i.e.;

p=1—exp(—T1/6).

1A3.2 Failure Rate During Period of Time. The “failure rate duringperiod of time 7,” €, is given by—

e .
:T{I—e;z:p(T/g)};_p/T

1A3.3 Instantaneous Faiiure Rate. The ‘‘instantaneous faiiure rate’” or ‘‘hazard rate’ is given by--
Z=1/6.

1A3.4 Acceptable Proportion of Lot Failing Before Specified Time. The “acceptable proportion of 1

ot
"7 pg, is the maximum fraction of the lot that may fail before the specified

failing before specified time,

time 7 and still result in the lot being considered satisfactory.

1A3.5 Unacceptable Proportion of Lot Failing Before Specified Time. The ‘‘unacceptable proportion of
lot failing before specified time,” pi, (p,>>po), is the minimum fraction of the lot that may fail before time
T and results in the lot being considered unsatisfactory. The interval between p, and p, is a zone of
indifference in which there is a progressively greater degree of dissatisfaction as the fraction of the lot

failing before time 7 increases from po to p..

1A3.6 Acceptable Failure Rate During Period of Time. The “‘acceptable failure rate during period of
time,” @,, is the maximum failure rate during period of time that can be considered satisfactory.

1A3.7 Unacceptable Failure Rate During Period of Time. The ‘‘unacceptable failure rate during period
of time,” G, (G;>>@G,), is the minimum failure rate during period of time that results in the lot being
considered unsatisfactory. The interval between @, and @, is a zone of indifference in which there
is a progressively greater degree of dissatisfaction as the failure rate increases from @G, to G,.
iA3.8 Life Test Sampling Pians Based on Faiiure Rates. Life test sampling plans which are
failure rates are given in section 2C, part II1.

1A4 OPERATING CHARACTERISTIC CURVES AND SAMPLING RISKS

1A4.1 Operating Characteristic Curves. The operating characteristic (OC) curve of a life test sampling
plan is the curve which shows the probability that a submitted lot with given mean lile would meet the
acceptability criterion on the basis of that sampling plan.

1,2



1A4.2 Producer’s Risk. The producer’s risk, «, is the probability of rejecting lots with mean life 6,.
For the procedures of section 2C, part 111, the producer’s risk may also be defined as the probability of
rejecting lots with acceptable proportion of lot failing before specified time, p,.

1A4.3 Consumer’s Risk. The consumer’s risk, 8, is the probability of accepting lots with mean life 8,.
For the procedures of section 2C, part 111, the consumer’s risk may also be defined as the probability of
accepting lots with unacceptable proportion of lot failing before specified time, p,.

1A5 SUBMITTAL OF PRODUCT

1A5.1 Lot. The term “lot”’ shall mean either an “inspection lot”, i.e., a collection of units of product,
manufactured under essentially the same conditions, from which a sample is drawn and tested to deter-
mine compliance with the acceptability criterion; or, a “preproduction lot”, i.e., one or more units of
product submitted prior to initiation of production for test to determine compliance with the acceptability
criterion.

1A6 SAMPLE SELECTION
1A6.1 Drawing of Samples. A sample is one or more units ot product drawn at random from a lot.

1A6.2 Testing Without Replacement. Life test sampling without replacement is a life test procedure
whereby failed units are not replaced.

1A6.3 Testing With Replacement. Life test sampling with replacement is a life test procedure whereby
the life test is continued with each failed unit of product replaced by a new one, drawn at random from
the same lot, as soon as the failure occurred. In the case of complex unit of product, this may be in-
terpreted to mean replacement of the componeut which caused the failure by a new component drawn at
random from the same lot of components. When the ‘‘sample sizes’” are the same in both instances, the
expected waiting time required for decision when testing with replacement is less than when testing
without replacement.

1A6.4 Sample Size. The sample size, n, for a life test is the number of units of product placed on test
at the start of a life test. When testing with replacement, the total number of units of product placed
on test will, in general, be greater than the original sample size. The sample sizes, for the life test plans
of chapter 2, depend on the relative cost of placing large numbers of units of product on test and on the
expected length of time the life tests must continue in order to determine acceptability of the lots. In-
creasing the sample size will, on one hand, cut the average time required to determine acceptability but
on the other hand will increase the cost due to placing more units of product on test.

1A7 EXPONENTIAL DISTRIBUTION

1A7.1 Exponential Distribution With One Parameter. The density function for the exponential
distribution with one parameter is given by—

f(t,6) =1/8exp(—1/6) t>0,6>0
=0 <0

and the function has the following general graphical form:

f(t;8)
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elsewhere

t>A20
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CHAPTER 2
SAMPLING PROCEDURES AND TARLES
(Exponential Distribution)
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INTRODUCTION

The theory underlying the development of the life test sampling plans of this chapter, including
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It 18 lmDortu t to note that the life test sampling plans of this chapter are not to be used indis-
criminately, simply because it is possible to obtain life test data. Only after the exponential assump-
tion is deemed reasonable should the sampling plans of this chapter be used.

This chapter i1s divided into four sections. Section A describes general procedures and descrip-
tion of life test sampling plans Section B describes speciﬁc procedures and appiications of s&mpling

pl&ns \Vh(’n h Ie tesis are L(’I‘mlna((‘ﬂ upon ln(‘ occurrence OI a pl‘(‘aSSlgn(’(‘l numl)?r OI Ia“ur(‘q &“(1 sec-
tinn ' nravidac carmnlineg nlane whan o tactg arn tarminatad at o nracccionad $ima Qantinn 1Y dagarihag
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seauential life test gnmnlino‘ nlans

s mEA VR “l‘ DI‘ '''''

Tests an(l Cost Consuieratlons in Selocmon of Sample Sizes; and (3) Life Test Plans for Certain Speci-
fied Values of «, 8, and 8,/8,. Section C is also divided into three parts: (1) Acceptance Procedures
(2) Life Test Plans for Certain Specified Values of «, 8, 6,/8,, and T/8,; and (3) Life Test Plans Based
on Proportion of Lot Failing Before S‘peciﬁed Time. Section D consists of only one part.

178"
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tions were matched with respect fo their \)(‘ curves. The np?.ating characteristic curves in table

for the samplmg plfms of section 2C, part I, and section 2D.

The procedures of this chapter are based on the premise that the life tests are monitored continu-
ously. If the tests are monitored only periodically, the values obtained from the tables and curves
are only approximations.
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SECTION 2A

GENERAL DESCRIPTION OF LIFE TEST SAMPLING PLANS
2A1 SCOPE

2A1.1 Purpose. Chapter—2-of this handbook establishes life test sampling plans for determining
acceptability of a product when samples are drawn at random from an exponential distribution.

2A1.2 Specifying Acceptable Mean Life. Before the start of the life test, the particular value of the
acceptable mean life, 4, shall he specified except when using the procedures of section 2C, part III.

2A1.3 Specifying Unacceptable Mean Life. The particular value of the unacceptable mean life, 8,,
shall be specified in advance of the life test when using the life test procedures of section 2B, part III,
and section 2C, part II.

2A1.4 Specifying Acceptable Proportion of Lot Failing Before S Snecified Time, The particular value

po, of the acceptable proportion of lot failing before specnﬁed time to be used in the life test shall be
specified in advance for the procedures of section 2C, part III.

2A1.5 Specifying Unacceptable Proportion of Lot Failing Before Specified Time. The particular
value, p; of the unacceptable proportion of lot failing before specified time shall be specified in advance
of the life test when using the procedures of section 2C, part III.

2A2 SAMPLING RISKS

2A2.1 Producer’s Risk. The producer’s risk, a, is the probability of rejecting lots with mean life 8,
For the procedurw of section 2C, part ITI, the producer’s risk may also be defined as the probability

~2 Antie e
of rejecting lots with p, as the acceptable proportion of lot failing before specified time. Summarized

below are the various numerical values of a and the master sampling tables in which they are given.

Procedures for— Producer’s risk Table
Section 2B, part 1. .. ...l .. .. 0.01, 0.05, 0.10, 0.25, 0.50. . .. ... __________ 2B-1
Bection 2B, part 11 ... 01, 05, .10, .25 . . ... ... 2B-5
Section 2C, part 1. . ...l .. 01, 08, 10, 28 B8O ... ... 2C-1, 2C-2
Section 2C, part 11 .- . ... .. ... 01, .05, .10, .25 . _ ... . _..... . 2C-3, 2C-4
Bection 2C, part I1T__ .. ... __.__.__. el 01, 05 10._ . .. ... .. ... 2C-5
Bection 2D . . . iiiiiioo. .01, .05 .10, .25, 50... .. .. ___. .. 2D-1

2A2.2 Specifying Producer’s Risk. The particular-value of a to be used in the life test shall be selected
from among those given in paragraph 2A2.1 and specified in advance of the life test.

2A2.3 Consumer’s Risk. The consumer’s risk, g8, is the probability of accepting lots with mean life
8,. For the procedures of section 2C, part I1I, the consumer’s risk may also be defined as the prob-
ability of accepting lots with p: 88 the unacceptable proportion of lot failing before specified time.

Summarized below are the various numerical values of # and the master sampling tables in which
they are given.

Procedures for— Consumer’s risk Tedie
Section 2B, part 1. . ... ... ... ... 1 0 2B-1
Section 2B, part 111 ... ... 01,.05, .10, .25 . ... ... .... 2B-5
Section 2C, part I . ... A0 ... ol 2C-1, 2C-2
Section 2C, part IT__ . . ... .. ... 01, .05 .10, .25_ . ... ..__. I 2C-3, 2C-4
Section 2C, part ITT. .. . ... ... .. ... 01,.05 10 .. ... 2C-5
Section 2D . .ol A0 o 2D-1

The smaller the value of 8, the greater is the protection against acceptance of lots with low mean life
or high failure rate.
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2A2.4 Specifying Consumer’s Risk. The particular value of 8 to be used in the life test shall be
selected from among those given in paragraph 2A2.3 and specified in advance of the life test.

2A3 OPERATING CHARACTERISTIC CURVES

2A3.1 Operating Characteristic Curve. The operating characteristic (OC) curve of a life test sam-
pling plan is the curve which shows the probability that a submitted lot with given mean life would
meet the acceptability criterion on the basis of that sampling plan. The OC curves given in table
2A-2 are equally applicable for the sampling plans of section 2B, part I; section 2C, part I; and sec-
tion 2D of this chapter. Moreover, the OC curves are also equally applicable for both the sampling
with and without replacement procedures. The abscissas of the OC curves are expressed as the ratio
8/6, in table 2A-2 so that the same set of OC curves is applicable regardless of the value of the specified
acceptable mean life 6,.

2A3.2 Sampling Plan Code Designation. The life test sampling plans of section 2B, part I; section
2C, part 1; and section 2D, along with their associated OC curves. are designated by code letters and
numbers.  The sample code is given in table 2A-1 and is determined by the values of a, 8, and 6,/8,.
The OC curves of all sampling plans designated by the same code pass through the two points (1, 1 —a)
and (4,/8,, 8=0.10). Thus, all sampling plans which are designated by the same code offer essentially

the same protection.

2A3.3 The Ratio 4,/8, as Measure of Protection Offered by Sampling Plan. The consumer’s risk
B has been defined in paragraph 2A2.3 as the risk of accepting lots with mean life 8,. Because the OC
curves are drawn with abscissa 6/8,, the ratio 6,/8, is also a measure of mean life which is accepted with
probability 8. The ratio 6,/6, must be greater than zero but less than unity. If a, 8, 6, are kept con-
stant, as 6,/6, increases, the protection offered by the sampling plan against accepting lots with low
mean life also increases.  Thus table 2A-1 allows comparisons in the amount of protection offered by
the various sampling plans, for in any column, the protection increases as 6,/, increases.

Table 24-1
Life Test Sampling Plan Code Designation

Index of Life Test Sampling Plans of section 2B, part I; section 2C, part I; and section 2D.
OC curves are given for these sampling plans in table 2A -2

; a=0.01 a=0.05 a=0.10 a=0.25 a=0.50
8=0.10 B=0.10 8=0.10 8=0.10 £=0.10
Code 8, /60 Code 61/60 Code 8:/60 Code 6,/6 Code 61/60
A-l 0. 004 B-1 0. 022 C-1 0. 048 D-1 0 125 E-1 0. 301
A-2 . 038 B-2 . 091 C-2 137 D-2 . 247 E-2 . 432
A-3 . 082 B-3 154 C-3 . 207 DH-3 . 325 E-3 . 502
A4 L 123 B-4 205 C-4 261 D-4 . 379 E-4 . 550
A-5 . 160 B-5 246 C-5 . 304 D-5 . 421 E-5 . 584
A-6 . 193 B-6 282 C-6 . 340 D-6 . 455 E-6 . 611
A-7 . 221 B-7 312 C-7 . 370 D-7 . 483 E-7 . 633
A-8 . 247 B-8 . 338 C-8 . 396 D-8 . 506 E-8 . 652
A-9 . 270 B-9 361 C-9 . 418 D-9 . 526 E-9 . 667
A-10 . 291 B-10 382 C-10 . 438 D--10 . 544 E-10 . 681
A-11 . 371 B-11 459 C-11 . 512 D-11 . 608 E-11 . 729
A-12 . 428 B-12 512 C-12 . 561 D-12 . 650 E-12 . 759
A-13 . 470 B-13 550 C-13 . 597 D-13 . 680 E-13 . 781
A-14 . 504 B-14 . 581 C-14 . 624 D--14 . 703 E-14 . 798
A-15 . 554 B-15 . 625 C-15 . 666 D-15 . 737 E-15 . 821
A-16 . 891 B-16 . 658 >-16 . 695 D-16 . 761 E-16 . 838
A-17 . 653 B-17 L7111 C-17 . 743 D-17 . 800 E-17 . 865
A-18 . 692 B-18 . 745 C-18 . 774 D-18 . 824 E-18 . 882
L 1

Producer’s risk a is the probability of rejecting lots with mean life 8o.
Consumer’s risk 8 is the probability of accepting lots with mean life 8;.

2.2
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Table 24-2
Operating Characteristic Curves for Life Test Sampling Plans of section 2B, part I; section 2C. part I; and section 2D

23
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2A4 SPECIFYING ACCEPTANCE PROCEDURES

In order to completely identify the sampling plan to be used, the following must be specified

for the sampling plans of :

section 2B, part 1. ... _ . _a, 7, 6 or the Sample plan code, 6,
section 2B, part I111_______. a, B, 8y, 0,

for secton 2C, part I______ B, or Sample plan code, n, 8,
for section 2C, part [ . __a, B, 6,, 6, T

for section 2C, part II1_____. a, 8, p1, po, T or a, B, G, Gy T

for section 2D_. . _____ . _Sample plan code, 8,

In addition; the use of life testing with or without replacement may be specified

sampling plans of section 2C, part I11I.

2.25



Part 1
ACCEPTANCE PROCEDURES

2B1 LIFE TEST SAMPLING PLANS

This part of the handbook describes the procedures for use with life tests that are terminated upon
the occurrence of a preassigned number of failures. T'wo procedures are given: (1) a procedure when
testing without replacement, and (2) another procedure when testing with replacement.
2B1.1 Use of Life Test Samplinnig Plans. To determine whether the lot meets the acceptability criterion
with respect to average length of life, the applicable sampling plan shall be used in accordance with the
provisions of section 2A, General Description of Life Test Plans, and those in this part of the handbook.
2B1.2 Drawing of Samples. All samples shall be drawn in accordance with paragraph 1A6.

2B2 SELECTING THE LIFE TEST SAMPLING PLAN
2B2.1 Master Sampling Table. The master sampling table for the life test sampling plans of this pan
of the handbook is table 2B-1.

2B2.2 Obtaining the Sampling Plan. The life test sampling plan consists of a sample size, a termination

number, and an associated acceptability constant. The sampling plan is obtained from master table

2B-1.

2B2.2.1 Sample Sizes. For the procedures of section 2B, purt I, the acceptability constants and the
OC curves do not depend on the number of units of product placed on test. The sample size, as men-
tioned in paragraph 1A6.4, depends on the relative cost of placing large nummbers of units of product
on test and on the expected length of time the life test must continue. The sample size may be selected
by using the procedures of section 2B, part I1.

2B2.2.2 Termination Number. The termination number, r, may be selected from among those given
in table 2B-1 and specified prior to the initiation of the life test. The choice of this number shall be
dependent on the degree of protection desired against acceptance of material with unacceptable mean
life. The larger the termination number, the larger is the ratio 8,/6, and, as mentioned in paragraph
2A3.3, the greater is the assurance against accepting material with an unacceptable mean life.

2B2.2.3 Accepiabiiity Constant. The acceptability constant (', corresponding to the applicable
termination number r and producer’s risk a, is obtained from the master table by multiplying the tabled
entry by the acceptable mean life 6,.

2B3 LOT ACCEPTABILITY PROCEDURES WHEN TESTING WITHOUT REPLACEMENT

2B3.1 Estimate of Mean Life. The acceptability of a lot, when using a life test from this part of the
handbook, shall be judged by the quantity 8, ,.
2B3.2 Computation. The following quantity shall be computed from the test results:

1

, ro 1
Br.n:r I._IZ=; xx,n+(n—r)x7,u-J

where 8, , is the estimate of the lot mean life
r is the termination number
" ia tha camnla cina
143 10 LI1C Oulllylb DLLT

Z: . 1s the time when the i'th failure occurs. 1=1, 2, . . . | r.
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e acceptability of a lot, when using a life test from this part of the
2B4.2 Computation. The following quantity shall be computed from the test results:

0;.=n 2, a7

where 8, , is the estimate of the lot mean life
r 18 the termination number

- iz tha ariginal camnla qinn
T 13 ULigiial Dol pIc D1uo

L
z, .18 the time when the r’th failure occurs,
h , A ith tha o kil
1 VilL

oD4 9 Annantnhilite Oritar Avantits naant
Jualivivy Up g Wilii e aticopu

LD%.O ALLTpPrauUIILty wiivc: =9==.

tioned in paragraph 2B2.2.3. If 4, , is equal to or greater than C, the lot meets the acceptability criterion ;
if 8, ,, is less than C, then the lot does not meet the acceptability criterion.

o
w
o
g:

')
]
3
]

7
nt ¢, men-

Ezample 2B-1
Ezxample of use of Table 2B—1

Erample: Find a life test plan which is to be stopped on the occurrence of the fifth failure and will accep t
a lot having an acceptable mean life of 1,000 hours with probability 0.90.

Solution: In the notation of this chapter, 6,=1,000, a=0.10, and r=5. In the testing without replace-
ment case—

0- ,.‘=~[I, -+Io _+T'A -+T4 =+ +( 2

‘J\
\./
cr
i
S—

Ce o
Y8, R

and in the replacement case 8, ,=n r; ./5. The acceptability criterion is, accept the lot if—

b5..2C
> 0,(C/8,) = (1,000) (0.487) =487.

The quantity ('/,=0.487 is obtained from table 2B-1. In words, place n items on test. Wait until the
first five failures occur. Compute és_,,. Accept the lot if 8; , =487 ; reject the lot otherwise.

od from tahla ‘)B_l as (“-

a 1 tal
wii o1 CLeINeA Iroin 1atie £

bilit, of accepting a lot with mean life of, say, 500 hours may be obtmned

iiiiiii vl a

/ the ab
by finding the ordmate of the O curve labele C-5 at the point where the abscissa 0/00-—500/1000 0.5.
The probability is seen to be equal to 0.47.

From table ZA 2, the rob

Remark 2: In this example, if the termination number had been selected as 6 instead of 5, the proba-
bility of accepting a lot with mean life of 500 hours is obtained from the OC curve labeled C-6. The
probability is seen to equal 0.41. This illustrates the remark made in paragraph 2B2.2.2 that the larger

the termination number, the higher the probability of rejecting lots with unacceptable mean life.
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crample 2R-2

FExample of Caiculations
Testing Without Replacement

Ezxample: Suppose that in the life test of example 2B-1 10 unite of p

If the failed units were not replaced and the first five failure times were 50, 75, 125, 250, an

mine whether the lot met the acceptability criterion.

=9
@
S
2
=9
&)
o~ ¢
[}
ol

Qn a1 ‘I‘l\’l’l 'I\ f}\‘u ~racon
{ution: In this case
A 5047541254250 300+ 5(300)
Us,30== """ T ==400-
¥ ann a0 il _1_. 11 PUPENSUR Y IR T DS S, -
DINCE 40U S48/, LI1€ 10L aid NoL Iieet e acceplaviiity Criteriorn
Ezample 2B-3
Ezxample of Calculations
Testing With Replacement
LY 1. Qo ' SRy VS RN 1Y Py Y Y ey P 2 ¢ IR | 1N [y PRAY SRR P R B R D Iy
y oy ’lpl:(. ouppusc vl Ul uUe 1118 vEdSLU Ul CARIIIpPIY 4171, 1U Ul vl Pl Jaulu 11au oeell pnu’tﬂu Uil Lesu.
If the failed units were replaced immediately and the first five failure times were 56 128 178, 276, and
442, determine whether the lot met the acceptability criterion.
Y _ 1. .1 . T sl
DOCELLoTL. 111 LIS CHSt

Table 2B-1

Master Tabl for Life Tests Terminated upon Occurrence of Preassigned Number of Failures

producer's risk {a¥ i
] i
r 0.01 0.05 ! 0.10 0.25 0.50
Code 6y Code C/8o Code /60 Code C/60 Code C/6y
1 A-1 0. 010 | B-1 0.052 | C-i 0. 106 | D-1 0.288 | E-1 0. 693
2| A-2 .074 | B-2 178 | C-2 . 266 | D-2 . 481 E-2 . 839
3 A3 J145 1 B3 272 | ooy L367 | D-3 (576 | E-3 . 801
4| A4 . 206 | B-4 . 342 | C-4 . 436 | D-4 . 634 | E-4 . 918
5| A-5 . 256 | B-5 . 394 | C-5 . 487 | D~5 . 674 | E-5 . 934
6| AD . 298 | B-o6 . 436 | C-o . 525 | D~6 . 703 | E-6 . 545
71 A7 o333 | B-7 . 469 | C-7 . 536 | D=7 . 726 | BE-7 . 9583
8| A-8 .363 | B-8 . 498 | C-8 . 582 | D-8 . 744 | E-8 . 959
9| A-9 .390 | B-9 . 522 | C-9 . 604 | D-9 . 760 | E-9 . 963
16 | A-10 . 413 | B-10 . 543 | C-10 . 622 | D-10 L 773 E-10 . 967
15 | A-11 . 498 | B-11 . 616 | C-11 . 687 | D-11 . 816 | E-11 . 978
20 | A-12 . 554 | B-12 . 663 | C-12 . 726 | D-12 . 842 | E-12 . 983
25 | A-13 .594 | B-13 . 695 | C-13 . 754 | D-13 . 859 | E-13 . 987
30| A-14 . 825 1 B-14 L7201 C-14 L7741 D14 872 ! E-14 . 989
40 | A-15 .669 | B-15 . 755 | C-15 L R03 | D-15 . 889 | E-15 . 992
50 | A-16 . 701 B-16 779 | C-16 . 824 >16 . 901 | E-16 . 993
75 A-17 . 751 | B-i7 .8i8 | C-i7 . 855 | 117 . §20 | B-17 . 556
100 i A-18 . 782 | B-18 . 841 C-18 874 | D~18 . 931 E-18 . 997
{

Produocer’s risk a is the probablllty‘o( rejecting lots with mean life 8o
Acceptance criterion: Accept 1ot if 8,..260(C/80). =
For explanation of the code, see par. 2A3.2 and table 2A-1,

228
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LIFE TESTS TERMINATED UPON OCCURRENCE OF PREASSIGNED NUMBER OF
FAILURES

— Part 11

EXPECTED WAITING TIME OF LIFE TESTS AND COST CONSIDERATIONS IN SELEC-
TION OF SAMPLE SIZES

2B5 SAMPLE SIZES

The operating characteristics of the life test sampling plans of section 2B, part 1, are independent
of the number of units of product placed on test. Thus, all tesis based on common values of the ter-
mination number r and producer’s risk a are equally good and the choice of the sample size n depends
only on the relative cost of placing a large number of units of product on test and on the expected
waiting time required for decision. For fixed a and r, increasing n will, on one hand, cut the expected
waiting time; but will, on the other hand, increase the cost due to placing more units of product on test.
This part of the handbook provides procedures for determining the optimum sample size based on
considerations of cost.

2B5.1 Expected Waiting Time. The mean life of the lot and, as noted 1n paragraph 2B5, the size
of the sample drawn from the lot affect the expected waiting time required to observe the r’'th failure
in a sample of size n. The r'th failure i1s expected to occur more quickly in samples drawn from lots
with low values of mean life. The values of the expected waiting time divided by the mean life of the
lot, when testing without replacement, are given in tables 2B-2(a) and 2B 2(b). Corresponding values
for the testing with replacement situation are not tabled but may be calculated by dividing the ter-
mination number r by the samnple size n, i.e.,
Expected Waiting Time r

Mean Life of Lot  n

2B5.2 Relative Saving in Time by Increasing Sample Size When Testing Without Replacement.
— When testing without replacement, the expected waiting time required to observe the r’th failure in a
sample of size n,(n =r), may be obtained from table 2B-2(a) or 2B-2(b) by multiplying the tabled entry
by the mean life of the lot. By dividing the expected waiting time when n units of product are placed
on test by that when only r units are placed on test, the mean life of the lot cancels out and the ratio

Expected Waiting Time for r Failures in Sample of n
Expected Waiting Time for r Failures in Sample of r

is a measure of the relative expected saving in time due to placing more units of product on test. A
brief table of these ratios is given in table 2B-3.

2B5.3 Relative Saving in Time by Increasing Sample Size When Testing With Replacement. When
testing with replacement, the expected waiting time required to observe the r’th failure in a sample of
size n is equal to the quantity r8/n. By dividing the expected waiting time when n units of product
are placed on test by that when only r units are placed on test, the mean life of the lot cancels out and the
ratio

Relative Saving=r6/né=r/n

is & measure of the relative expected saving in time due to using larger sample sizes.

2B5.4 Relative Saving in Time by Testing With Replacement as Compared to Testing Without Replace-
ment. When testing with replacement, the expected waiting time required to observe the r’th failure
in a sample of size n (n27) is equal to the quantity r6/n. When testing without replacement, this
expected waiting time may be obtained from table 2B-2(a) or 2B-2(b) by multiplying the tabled entry

LSS AV\7/L. LYJeJ Z9LILI LZ\Fe) AL2I 1AL VeI VIIlY JCUUIIT LIIT UDT Ul 4dDND AVL AllU UV A. WI1lIT ULIT AVALL 1IAY auvr



by the mean life of the lot §. By dividing these two expected waiting times, the mean life of the lot
cancels out and the ratio

Exp. wait. time for r failures in sample of n when testing with replacement
Exp. wait. time for r failures in sample of n when testing without replacement

is & measure of the relative expected saving in time due to sampling with replacement. A brief table of
these ratios is given in table 2B—4.
Example 2B-/4

Saving in Time by Increasing Sample Size When Testing Withow Replacement

Ezample: Compare the average length of time needed to observe the failure of the first 2 out of 5 units
of product under test with the average length of time required to observe the failure of 2 out of 2 units
when testing without replacement.

Solution: From table 2B-2(a), it is seen that for r=2 and n=2, the expected waiting time is 1.5000 6;
and that for r=2 and n=35, the expected waiting time is 0.4500 6. Thus the relative saving in time
by placing 5 units on test is 0.4500 6/1.500 6=0.300. This figure may also be obtained directly from
table 2B-3. Hence, the average time required when 5 units are placed on test is 30.0 percent of the
average time required when oniy 2 units are used.

Ezample 2B-6

Saving in Time by Increazsing Sample Size When Testing With Replacement

b nJ L O U S | 2 M M - _ 1. oM & °f 2} 0 __a’ L3 L o __ o _tal V. o 4
anmpte. VlaKe the same Conlp&rlson as in exulnple <ZD—4 11 Ule testing naa oveen wiil repiacernent.

Solution: For r=2 and n=2, the expected waiting time 1s 6 and that for r=2 and n=>5 is ré/n=26/5
= 0.46. Thus the relative saving in time by placing 5 units on test is 0.46/0=0.4. Hence, the average
time required when 5 units are placed on test is 40 percent of the average time required when only
2 units are used.

Ezampie 2B-6

Saving in Time by Testing With Replacement

Ezxample: Compare the average length of time needed to observe the failure of the first 5 out of 5 units
of product under test when testing with replacement with the average length of time needed when
testing without replacement.

Solution: When testing with replacement, for r=>5 and n=>5, the expected waiting time is §. When
testing without replacement, table 2B-2(a) or 2B-2(b) shows that the expected waiting time is 2.2833 4.
Thus the relative saving in time by testing with replacement is 6/2.2833 6=0.438; or the average time
required for a decision, by replacing failed units, is 43.8 percent of the average time required when
faiied units are not repiaced. This figure may aiso be obtained direcily from table 2B—4.

2B5.5 Cost Considerations in Choice of Sample Size. Methods for finding the optimum sample
size based on considerations of cost are given in this section.

2B5.5.1 Cost When Testing Without Replacement. The total expected cost of any of the life test plans
of section 2B, part I, when testing without replacement, is given by—
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where ¢, is the cost of waiting per ugit time
¢; is the cost of placing a unit of product on test
6, 1s the acceptable mean life
r 1s the termination number
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2B5.5.2 Optimum Sample Size When Testing Without Replacement. The value of n which mini-
mizes the total cost, as determined by the method of paragraph 2B5.5.1, is the optimum sample size.
A general method of obtaining the optimum n is to use table 2B-2(a) or 2B-2(b). The smallest n
is chosen such -that the difference between the expected waiting time for the r'th failure when that
number of units of product are placed on test and that when n-+1 units are placed on test, is less than
the quantity c./c,8y.

Erample 2B-7

Life Test Terminated Upon Occurrence of Preassigned Number of Failures Testing Without Replacement
Calculation of Costs
Exrample: Consider the case where r=10, §,=1,000 hours, ¢;=%1 per hour and ¢,=$100 per unit of

product tested. Using the total cost formula, determine the optimum sample size if failed units are
not replaced.

Solution: Using the formula of paragraph 2B5.5.1, the costs for various values of n are- -

Ezxpected cost  Cost of units

n due to wailing tested Total cost
10 2929 1000 3929
11 2020 1100 3120
12 1603 1200 2803
13 1346 1300 2646
14 1168 1400 2568
15 1035 1500 2535
16 931 1600 2531
17 847 1700 2547

The optimum sample size is thus n=16.
Ezxample 2B-8

Life Test Terminaled U pon Occurrence of Preassigned Number of Failures Testing Without Replacement
Obtaining Oplimum Sample Size With Ezpected Waiting Time
Example: Use table 2B-2(a) to determine the optimum sample size for the problem of example 2B-7.

Solution: The quantity cs/c.8, is equal to 0.1 and from table 2B-2(a), the expected waiting times are—

Erpected waiting time to observe

10th failure
n inn inn+1 Difference
10 2. 9290 2. 0199 0. 9091
1t 2. 0199 1. 6032 0. 4167
12 1. 6032 1. 3468 0. 2564
13 1. 3468 1. 1682 0. 1786
14 1. 1682 1. 0349 0. 1333
15 1. 0349 0. 9307 0. 1042
16 0. 9307 0. 8467 *0. 0840
17 0. 8467 0. 7773 0. 0694

*The optimum sample size is n=16, us was seen in example
2B-7, since that is the smallest sample size for which the differ-
ence in expected waiting times is less than cy/cifo or 0.1

2B5.5.3 Cost When Testing With Replacement. The total expected cost of any of the life test plans
of section 2B, part I, when testing with replacement, is given by—

(1) %+Cz(n+7"‘ 1)

where ¢, is the cost of waiting per unit time
¢2 18 the cost of placing a unit of product on test
8, is the acceptable mean life
r is the termination number
n is the sample size.

2.31
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2B.5.4 Optimum Sample Size When Testing With Replacement. The value of n which minimizes
the total cost, as determined by the method of paragraph 2B5.5.3, is the optimum sample size. In
general, the optimum = for the case of testing with replacement is the integer nearest to

cifor | 1
\/ C +4

Erample 2B-9
Life Test Terminated Upon Occurrence of Preassigned Number of Failures Testing With Replacement

Calculation of Cost

Ezample: Consider the problem of example 2B-7, i.e., r==10, 6,=1,000, ¢,=8$1, and ¢;=8$100. Using
the total cost formula, determine the optimum sample size if failed units were replaced.

Solution: Using the formula of paragraph 2B5.5.3, the costs for various values of n are---

Frpected cost  Cost of units

n due to waiting tested Total cost
9 1111 1800 2911

10 1000 1900 2900

11 909 2000 2909

The optimum sample size is thus n=10.
Erample 2B-10

Life Test Terminated Upon Occurrence of Preassigned Number of Failures Testing With Replacement

Obtaining Optimum Sample Size by Formula

Ezample: Use the method of paragraph 2B5.5.4 to determine the optimum sample size for the problem
of example 2B-9.

Solution: The integer nearest to—

1(1000)(10) , 1
\/ o Ta=10.012

is 10. This is the optimum sample size as was seen in example 2B-9.

LIFE TESTS TERMINATED UPON OCCURRENCE OF PREASSIGNED NUMBER OF
FAILURES TESTING WITHOUT REPLACEMENT

Table 2B-2(a)
Expected Waiting Time

Expected waiting time for r failures in a sample of n
Mean life of lot

In the table r=1(1)n and n=1(1)20(5)30(10) 100

VYalues of :

n
\ 1 2 3 4 5 6
1 1. 0000 0. 5000 0. 3333 0. 2500 0. 2000 0. 1667
2 1. 5000 0. 8333 0. 5833 0. 4500 0. 3667
3 1. 8333 1. 0833 u. 7833 0. 6167
4 2. 0833 1. 2833 0. 9500
5 2. 2833 1. 4500
6 2. 4500
2.32
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Table 2B--2(a)-- -Continued

g

i 0. 1429 0. 1250 01111 0. 1000 0. 0909 0. OR33
2 0. 3095 0. 2679 0. 2361 0. 2111 0. 1909 0. 1742
3 0. 5095 0. 4345 0. 3790 0. 3361 0. 3020 . 2742
4 0. 7595 0. 6345 0. 5456 0. 4790 0. 4270 . 3853
5 1. 0929 0. 8845 0. 7456 0. 6456 0. 5699 . 5104
6 1. 5929 1. 2179 0. 9956 0. 8456 0. 7365 . 6532
7 2. 5929 1. 7179 1. 3290 1. 0956 0. 9365 . 8199
3 2.7179 . 8290 i. 4280 i. 1885 i. 0159
9 . 8290 1. 9290 1. 5199 . 2699
10 2. 9290 2. 0199 . 6032
11 3.0199 . 1032
12 . 1032
14 15 17
1 0. 0769 0. 0714 0. 0667 0. 0625 0. 0588 0. 0556
2 0. 1603 0. 1484 0. 1381 0. 1292 0.1213 0. 1144
3 0. 2512 0. 2317 0. 2150 0. 2006 0. 1880 0. 1769
4 0. 3512 0. 3226 0. 2984 0. 2775 0. 2594 0. 2435
5 0. 4623 0. 4226 0. 3893 0. 3609 0. 3363 0. 3150
8 0. 5873 0. 5337 0. 4893 0. 4518 0. 4197 0. 3919
7 0. 7301 0. 6587 0. 6004 0. 5518 0. 5106 0. 4752
8 0. 8968 0. 8016 0. 7254 0. 6629 0. 6106 0. 5661
9 1. 0968 0. 9682 0. 8682 0. 7879 0. 7217 0. 6661
10 1. 3468 1. 1682 1. 0349 0. 9307 0. 8467 0. 777
11 1. 6801 1. 4182 1. 2349 1. 0974 0. 9896 0. 9023
12 2. 1801 1. 7516 1. 4849 1. 2974 1. 1562 1. 0451
13 3. 1801 2. 2516 1. 8182 1. 5474 1. 3562 12118
14 3. 2516 2. 3182 1. 8807 1. 6062 1. 4118
15 3.3182 2. 3807 1. 9396 1. 6618
i6 3. 3807 2. 4396 1. 6951
17 3. 4396 2. 4951
18 3. 4951
n=19
' | r

0. 0526 0. 4445 14 1. 2644

2 0. 1082 0. 5279 15 1. 4844

3 0. 1670 0. 6188 16 1. 7144

4 0. 2295 0.7188 17 2. 0477

5 0. 2962 0. 8299 i8 2. 5477

6 0. 3676 0. 9549 19 3. 5477

1. 0977
2.33
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Table 2B-2(a)—Continued

n=20
r j' r T T
|
1 0. 0500 W 6 0. 3462 11 0. 7687 16 1. 5144
2 0.1026 || 7 0. 4176 12 0. 8799 17 1. 7644
3 0. 1582 ! 8 0. 4945 13 1. 0049 18 2. 0977
4 0. 2170 “ 9 0. 5779 14 1. 1477 19 2. 5977
5 0. 2765 H 16 0. 6688 15 1. 3144 20 3. 5977
n=25
1 0. 0400 8 0. 3764 15 0. 8870 22 1. 9826
2 0. 0817 9 0. 4352 16 0. 9870 23 2. 3160
3 0. 1251 10 0. 4977 17 1. 0981 24 2. 8160
4 0.1706 | 11 0. 5644 18 1. 2231 25 3. 8160
5 0.2182 | 12 0. 6358 19 1. 3660
6 0. 2682 13 0. 7127 20 1. 5326
7 0.3209 | 14 0. 7961 21 1. 7326
|
n=30
T 4
1 0. 0333 11 0. 4472 21 1. 1660
2 0. 0678 12 0. 4999 22 1. 2771
3 0. 1035 13 0. 5554 23 1. 4021
1 0. 1406 14 0. 6143 24 1. 5450
5 0. 1790 15 0. 6768 25 1. 7117
6 0. 2190 16 0. 7434 26 1. 9117
7 6. 2607 i7 0. 8148 27 2. 1617
8 0. 3042 18 0. 8918 28 2. 4950
9 0. 3496 19 0. 9751 29 2. 9950
10 0. 3972 20 1. 0660 30 3. 9950
|
n=40
T r
! 0. 0250 1! 0. 2164 21 0. 7308 21 1. 4496
2 0. 0506 12 0. 3514 22 0. 7834 32 1. 5607
3 0. 0770 13 0. 3871 23 0. 8390 33 1. 6857
i 0. 1040 i4 0. 4241 24 0. 8578 34 1. 8285
5 0. 1318 15 0. 4626 25 0. 9603 35 1. 9952
6 0. 1603 16 0. 5026 26 1. 0270 36 2. 1952
7 0. 1897 17 0. 5443 27 1. 0984 37 2, 4452
8 0. 2200 18 0. 5877 28 1. 1753 38 2.7785
9 0. 2513 19 0. 6332 29 1. 2587 39 3. 2785
10 0. 2836 20 0. 6808 30 1. 3496 40 4. 2785

2.4




n=>50
r r
1 0. 0200 14 0. 3246 27 0. 7649 40 1.
2 0. 5404 i5 0. 3524 28 U. 8084 41 I.
3 0. 0612 16 0. 3810 29 0. 8538 42 1.
4 0. 0825 17 0. 4104 30 0. 9015 43 1.
5 0. 1043 18 0. 4407 31 0. 9515 2.
[ 0. 1265 19 Q, 4720 32 1.0041 | 45 2.
7 0. 1492 20 0. 5042 33 1. 0597 46 2.
8 0.1725 21 0. 5376 34 1. 1185 47 2.
9 0. 1963 22 0. 5720 35 1. i8i0 48 2.
10 0. 2207 23 0. 6077 36 1. 2476 49 3.
11 0. 2457 24 0. 6448 37 1. 3191 50 1.
12 0. 2713 ‘ 25 0. 6832 38 1. 3960
13 0. 2576 l 26 0. 7232 39 1. 4783
n==60
7 4 7

1 0. 0167 21 0. 4263 | 41 1. 1321

2 0. 0336 22 0. 4520 42 1. 1848

3 0. 0509 23 0. 4783 43 1. 2403

4 0. 0684 24 0. 5053 44 1. 2991

5 0. 0863 25 0. 5331 45 1. 3616

6 0. 1044 26 0. 5617 46 1. 4283

7 0. 1230 27 0. 5911 47 1. 4997

8 0. 1418 28 0 6214 48 1. 5767

9 0. 1611 29 0. 6526 49 1. 6600

10 0. 1807 30 0. 6849 50 1. 7509

il 6.2667 | 31 0. 7182 51 i. 8509

12 0.2211 ¢ 32 0. 7527 52 1. 9620

13 0. 2419 33 0. 7884 53 2. 0870

i4 0. 2632 34 0. 8255 54 2. 2299

15 0. 2849 35 0, 8629 55 2. 3985

16 0. 3071 36 0. 9039 56 2. 5965

17 0. 3299 37 0. 9456 57 2. 8465

i8 0. 3531 38 0. 5891 58 3. 17599

19 0. 3769 39 1. 0345 59 3. 6799

20 0. 4013 40 1. 0821 60 4. 6799

2.35
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Tavle 2B-2{a)—Continued
n=70
] : | : |
l |- ‘ -
i f - y
: 19 0. 3140 37 . 7440 [ 55 1. 5146
| 20 Q0. 3336 38 0.7743 | 6 1. 5813
| 21 0. 3536 | 30 0. 8056 57 16527
r 22 0. 3740 ! 10 0. 8378 ] 58 1. 7296
Vo2 0.3949 | 1 0. 8712 || 59 1. 8130
|od 0. 4161 ] 42 0. 9057 60 1. 9039
|25 0. 4379 13 0. 91414 1 61 2. 0039
26 0. 4601 t 44 0.9784 | 62 2. 1150
27 0. 4828 i 45 1. 0169 63 2. 2400
f 28 0. 5061 46 10565 | 64 2. 3828
|29 0. 5209 f 47 10985 | 65 2. 5495
I 0.5543 | 48 11420 66 2. 7495
‘ 31 (). 5793 ‘ 149 1. 187S }J 67 2. 9995
32 T0.e049 | RO 12351 1 68 3, 3328
33 0. 6313 \ 51 12851 | 69 3. 8328
¢34 0.6583 | 52 1. 3377 ‘ 70 1. 8328
|35 0. 6861 . 53 L3933
36 (). 7146 i’ 54 1. 4521 ‘
i |
n-: RO
!: : | : |
S | I R
{2 0. 3023 41 0.7119 || 61 1. 4177
22 0. 3192 42 0.7376 || 62 1. 4704
23 62365 || 43 0.7639 | 63 15259
24 0. 3540 44 0. 7909 } 64 1. 5848
| 25 0.3719 15 0. 8187 | 65 1. 6473
26 0. 3900 46 0. 8473 ‘ 66 1. 7139
27 0, 4086 a7 0. 8787 67 1. 7853
|28 0. 4274 48 0. 9070 \ 68 1. 8623
| 29 0. 4467 49 0.9382 || 69 1. 9456
30 0. 4663 50 0. 5705 70 2. 0365
31 0. 4863 51 1.0038 | 71 2. 1365
32 0. 5067 52 10383 | 72 2. 2476
33 0. 5275 53 1.0740 |1 73 2. 3726
34 . 5488 54 NSRS 74 2 5155
35 0. 5705 55 1. 1495 75 2. 6821
36 0. 5928 56 11895 || 76 2. 8821
37 0. 8155 l 57 i 2312 77 3. 1321
38 0.6387 | 58 1. 2747 78 3. 4655
39 0.6625 || 59 1. 3201 79 3. 9655
) 40 0. 6869 | 60 1. 3677 80 4. 9655
|

2.36



Table 2B-2(a)-—Continued

n =950
r r r ‘ 14
!
1 0.0111 24 0. 3081 47 0.7326 || 70 1. 4848
2 6. 0223 25 0. 3233 48 6.7558 | 71 i. 5348
3 0. 0337 26 0. 3387 49 0. 7796 72 l. 5875
4 0. 0452 27 0. 3543 50 0. 8040 73 1. 6430
5 0. 0568 28 0. 37 51 0. 8290 74 1. 7018
6 0. 0686 29 0 52 0. 8547 75 1. 7643
. 0. 0805 30 . 4027 53 0. 8810 76 1. 8310
8 0. 0926 31 0. 4194 0.9080 | 77 1. 9024
9 0. 1047 32 0. 4363 55 0.9358 | 78 1. 9794
10 0. 1171 33 0. 4536 56 0.9644 | 79 2. 0627
11 0. 1296 34 0. 4711 57 0.9938 || 80 2. 1536
12 0. 1422 35 0. 4890 58 10241 | 81 2. 2536
i3 . 1551 36 0. 5071 59 10553 || 82 2. 3647
14 0. 1681 37 0. 5257 60 1. 0876 83 2. 4897
15 0. 1812 38 0. 5445 61 1. 1209 84 2. 6326
16 0. 1945 39 0. 5637 62 1. 1554 85 2. 7992
17 0. 208! 40 0. 5834 3 11911 86 2. 9992
18 0. 2218 41 0. 6034 1. 2282 87 3. 2492
19 0. 2356 42 0. 6238 65 1. 2666 88 3. 5825
20 0. 2497 43 0. 6446 66 1. 3066 89 4. 0826
21 0. 2640 44 0. 6659 67 1. 3483 90 5. 0826
22 0. 2785 45 0. 6876 68 1. 3918
23 0.2932 || 46 0. 7098 69 L4372 |
l I
n=100
i 4 r r ! r
1 0. 0100 26 0. 2994 51 0.7082 || 76 1. 4114
2 0. 0201 27 0.2129 52 8, 7286 77 1. 4531
3 0. 0303 28 0. 3266 53 0. 7494 78 1. 4966
4 0. 0406 29 0. 3405 54 0. 7707 79 1. 5420
5 0. 0510 30 0. 3545 55 0. 7924 80 i. 5806
6 0. 0616 31 0. 3688 56 0. 8147 81 1. 6396
7 0. 0722 32 0. 3833 57 0. 8374 82 1. 6923
8 0. 0829 33 0. 3980 58 0. 8606 83 1. 7478
9 8. 0938 34 0. 4130 59 0. 8844 84 1. 8066
10 0. 1048 0. 4281 60 0. 9088 85 1. 8691
11 0. 1159 36 0. 4435 61 0. 9338 86 1. 9358
12 0. 1272 37 0. 4591 62 0. 9595 87 2. 0072
13 0 1285 38 0. 4750 §3 0. 9858 88 2. 0842
14 0. 1500 39 0. 4911 64 1. 0128 89 2. 1675
15 0. 1616 40 0. 5075 65 1. 0406 90 2. 2584
i6 0. 1734 41 0. 5242 66 i. 0692 9i 2. 3584
17 0. 1853 42 0 5411 67 1. 0086 92 2. 4695
18 0. 1974 43 0. 5584 68 1. 1289 93 2. 5945
19 0. 2096 0. 5759 69 1. 1601 94 2. 7374
26 0. 2219 45 0. 5838 76 1. 1524 $5 2. 5040
21 0. 2344 46 0. 6119 1. 2257 96 3. 1040
22 0. 2471 47 0. 6305 72 1. 2602 97 3. 3540
23 0. 2599 48 0. 6493 73 1. 2959 98 3. 6874
24 0. 2729 49 0. 6686 74 1. 3330 99 4. 1874
25 0. 2860 50 0. 6882 75 1. 3714 100 5. 1874
9 27



LIFE TESTS

TERMINATED UPON

FAILURES—TESTING WITHOUT REPLACEMENT
Table 2B-2(b)

Ezxpected Waiting Time

Expected waiting time for r failures in a sample of n

Values of :

Mean life of lot

In the table » =1(1)10(5)30(10)50(25)100 and n= kr, with k=1(1)10(10)20

OCCURRENCE OF PREASSIGNED NUMBER OF

N
r 2r 3r 4r S5r 6r Kid 8r 9r 107 20r
roN
1 1.0 0. 5000 0. 3333 0. 2500. 0. 2000 0. 1667 0. 1429 0. 1250 0.1111 | 0. 1000 0. 0500
2 1. 5000 . 5833 . 3667 . 2679 L2111 . 1742 . 1484 . 1292 . 1144 . 1026 . 0506
3 1. 8333 . 6167 . 3790 . 2742 . 2150 . 1769 . 1503 . 1306 . 1155 . 1035 . 0509
4 2. 0833 . 6345 . 3854 L2775 . 2170 . 1782 . 1512 . 1313 . 1161 . 1040 . 0510
5 2. 2833 . 6456 . 3893 . 2795 L2182 . 1790 . 1518 . 1318 . 1164 . 1043 . 0510
6 2. 4500 . 6532 . 3919 . 2809 . 2190 . 1796 . 1522 . 1321 . 1166 . 1044 . 0511
7 2. 5929 . 6587 . 3938 . 2818 . 2196 . 1800 . 1525 . 1323 . 1168 . 1046 . 0511
8 2. 7179 . 6629 . 3952 . 2825 . 2200 . 1803 . 1527 . 1324 . 1169 . 1047 . 0511
9 2. 8290 . 6661 . 3963 . 2831 . 2204 . 1805 . 1528 . 1325 . 1170 . 1047 . 0511
10 2. 9290 . 6688 . 3972 . 2836 . 2207 . 1807 . 1530 . 1326 L1171 . 1048 . 0512
15 3. 3182 . 6768 . 4000 . 2849 L2215 . 1812 . 1534 . 1329 L1173 . 1050 L0512
20 3. 5977 . 6808 . 4013 . 2856 L2219 . 1815 . 1536 . 1331 L1174 . 1051 . 0512
25 3. 8160 . 6832 . 4022 . 2860 . 2221 . 1817 . 15837 . 1332 L1775 . 1051 . 0512
30 3. 9950 . 6849 . 4027 . 2863 . 2223 . 1818 . 1538 . 1332 L1176 . 1052 . 0512
40 4, 2785 . 6869 . 4034 . 2866 . 2225 . 1819 . 1539 . 1333 L1176 L1652 . 0513
50 4. 4992 . 6882 . 4038 . 2869 . 2226 . 1820 . 1539 . 1334 L1176 . 1052 L0513
75 4. 9014 . 6898 . 4044 . 2871 . 2228 . 1821 . 1540 . 1334 L1177 . 1053 L0513
100 5. 1874 . 6907 . 4046 . 2873 L2229 . 1822 . 1540 . 1334 L1177 . 1053 . 0513
Table 2B-3
Ezxpected Relative Saving in Time by Increasing Sample Size
Nn
N 1 2 3 4 5 10 15 20
r o\
1 1 0. 50 0. 33 0. 25 0. 20 0. 10 0. 067 0. 050
2 1 . 56 .39 30 .14 . 092 . 068
3 1 .59 . 43 .18 .12 . 087
4 1 . 62 .23 .14 . 104
5 1 .28 .17 . 125
10 1 .35 .23

The values tabled here are the ratlos

Expected waiting time for r failures in sample of n

Expected waiting time for r failures in sample of r

For any given value of r, the smaller the tabled value, the greater is the relative expected saving in time.
ing the sample size will decrease the expected waiting time required for decision.

2.38
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Table 2B}

Ezpected Relative Saving in Time by Testing with Replacement

Sample size
T P _ P —— . SR U
1 2 3 4 5 10 15 ] 20
1 1 1 1 1 1 1 1 1
2 . 67 . 80 . 86 . 89 .95 .97 .97
3 . 55 . 69 .77 . 89 .93 .95
4 48 . 62 . 84 .89 ! .92
5 .44 .77 . 86 . 89
10 .34 . 64 .75
{

The values tabled here are the ratios

Exp. wait. time for r failures in sample of n when testing with replacement

Exp. wait. time for r failures in sample of n when testing without replacement

For any given value of r, the smaller the tabled value, the greater is the relative expected saving in time.
Thus, as the sample size increases, replacing failed units result in decreasing relative saving in time.

It should be noted that the time saved by replacing failures is at a cost of having placed more units of
product on test.

LIFE TESTS TERMINATED UPON OCCURRENCE OF PREASSIGNED NUMBER OF
FAILURES

Part 111

LIFE TEST SAMPLING PLANS FOR CERTAIN SPECIFIED VALUES OF «, 8, AND 4,/6,
2B6 DESIGNING LIFE TEST SAMPLING PLANS

A life test sampling plan mayv be designed so that its OC' curve meets the following prescribed condi-
tions: (1) if 6=4,, then the probability of the lot meeting the acceptability eriterion is 1—a, and (2) if
6=0,, then the probability of the lot meeting the acceptability criterion is less than or equal to 8.
This part of the handbook, which may be considered an extension of section 2B, part 1, provides pro-
cedures for obtaining values of the termination number r and the acceptability constant (" when certain
selected values of «, B, and 6,/8, are specified. When other values of «, 8, and 6,/6, than those provided
in this part of the handbook are needed, refer to section 2B, part I to determine whether one of the life
test sampling plans given in that section is applicable.

2B6.1 Life Test Sampling Plans. From table 2B-5, values of the termination number r and the
acceptability constant (" may be obtained for values of a=0.01, 0.05, 0.10, and 0.25; 3==0.01, 0.05, 0.10,
and 0.25; and 6,/6,=2/3, 1/2, 1/3, 1/5, and 1/10. The value of r is obtained directly [rom table 2B-5
but the acceptability constant (" is obtained by multiplying the tabled entry by the acceptable mean
life 8,.
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anmplf" Find a life test sampling plan which possesses the following OC' curve: If the mean life is
=900 hours, the iot 1s auvpteu with pIODal)ll]lV 0.95; if the mean life is 8, =300 hours, it 1s m(optc(i

with prormmm\ approxiinately

-;-.-m};;zr P .40768) =448 are obtained. In words
Place 8 or mn s of DI - 8 fatlures have occurred.  If the estimate
of lot mean life 65 , 1 ter Lhan or nqual t() 448 tho lot is acceptable; otherwise, the lot is not accept-

able.

2B6.2 Expansion of Table 2B--5 for Values of 6,/6, Greater Than 2/3. Approximate values of the
termination number r and the acceptability constant (" may be obtained to supplement those given in
table 2B-5 for values of 6,/6, greater than 2/3 provided the same values of « and 8 as given in Table
2B-5 are specified  CCompute-

/~-3+ (6"/61 Ku\2
r — —
(" ow—1 )
and
a1\
= -2
\ \‘f}
where values of K, and Kz are tabled below.
aorf K, or Kg*
n N 9 9on
U. v - V) i\
0.05 1. 645
0. 10 1. 282
0.25 0. 674
Frample 2B-12

Life Tests Terminated {'pon Occurrence of FPreassigned Number of Failures
Erxample: Find the appropriate values of the termination number r and the acceptability constant €
for the case where the acceptable mean life ;=110 hours, the unacceptable mean Iife 8, =100 hours, the
producer’s risk a=0.05, and the consumer’s risk g=0.10.

Solution: From the formuias of paragraph 2B6.2

/1.2824 (1.1) (1. 645)\?

e ) =556

0.1

*Values obtained from tables of the cumulative Normal Distribution.
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LIFE TESTS TERMINATED UPON OCCURRENCE OF PREASSIGNED NUMBER OF
FAILURES
Table 2B-5

Life Test Sampling Plans for Specified a, 8, and 8,/8,

a=.01 a=.01 a=.01 a=.01
A=.01 B=.05 #=.10 B=.25
8:/6 —— -
r C/8 14 C/6o r C /6o r C /s
2/3 136 . 811 101 . 783 83 . 762 60 . 724
1/2 46 . 689 35 . 649 30* . 625 22 . 572
1/3 19 . 544 15* . 498 13 469 10* L 413
1/5 9* . 390 8* . 363 7* . 333 5% . 256
1/10 5% . 256 4* . 206 4% . 206 3* . 145
a=.05 a=.05 a=.05 a=.05
A=.01 B=.05 8=.10 8=.25
61/60
7 C/8o 7 C/8o T Co r C /s
2/3 95 . 837 67 . 808 55 . 789 35 739
1/2 33 . 732 23 . 683 19 . 655 13 592
1/3 13 . 592 10* . 543 8* . 498 6* 436
1/5 7* . 469 5* . 304 4* . 342 3* 272
1/10 4* . 342 3* . 272 3* . 272 2% 178
a=.10 a=.10 a=.10 a=.10
£=.01 B=05 =10 8=25
6:/69
r C/6o r C/& r C /60 r C/6o
2/3 77 . 857 52 . 827 41 . 806 25* . 754
1/2 26 . 758 18 .712 15* . 687 9* . 604
1/3 11 . 638 8* . 582 6* . 525 4% . 436
1/5 5% . 487 4% . 436 3% . 367 3% . 367
1/10 3* . 367 2* . 266 2% . 266 2% . 266
a=_25 a=25 a=.25 a=.25
B=.01 B=.05 A=.10 p=25
6,/69
r C/8o r C/o r C/6o T C/6y
2/3 52 . 903 32 . 876 23 . 853 12 . 793
1/2 17 . 827 11 . 784 8* . 744 5% . 874
1/3 7* . 726 5* . 674 4%* . 634 2* . 481
1/5 3* . 576 2% . 481 2% . 481 1* . 288
1/10 2% . 481 2* . 481 1* . 288 1* . 288

ete set o
e set of OC curves is not provi

101 prov

For those sampling plans marked (*), the uppropriate OC curves

in table 2A-2 may be used by determining, from table 2B-1, the sample code designation corresponding to the same values of a and r.
that are not marked (*), two points (1,1-a) and(6i/ée, §) on the OT curves are given.

For the sampling plans



SECTION 2C
LIFE TESTS TERMINATED AT PREASSIGNED TIME

Part I
ACCEPTANCE PROCEDURES

2C1 LIFE TEST SAMPLING PLANS

This part of the handbook describes the procedures for use with life tests that are terminated at a
specified time or upon the occurrence of a specified number of failures, if this number is reached before the
specified time. Two procedures are given: (1) a procedure when testing without replacement, and (2)

ith t
another procedure when testing with replacement.
~ ifa T : . i, :
t tg tl tabhilie »
2C1.1 Use ef Life Test Sampling "lans. T'o determine w!mther the lot meets tl e accc—p\auim y r o

2C2.1 Master Sampling Table. The master sampling table for the life test sampling plans of this part
of the handbook is table 2C-1.

2C2.2 Obtaining the Sampling Plan. The life test sampling plan consists of a termination number r, a
sample size n, and an associated termination time 7.

2C2.2.1 Termination Number. The termination number r shall be selected {rom among those given
in table 2C-1 and speoiﬁed prior to the initiation of the life test. The choice of this number shall be
uepenuent on the d aegree of pi‘Ou‘ECLiOi‘l desired ﬁgﬁ,il“lSL acceptaiice of material with un Ephub}(‘ mean
life. The larger the termination number, the larger is the ratio 8,/8, aud, as mentnonei n paragraph

2A3.3, the greater is the assurance against accepting material with an unacr-enmble mean life

O

2C2.2.2 Sample Size. The choice of the sample size, as explained in paragraph 1A6.4, is depeﬁdem on
the relatl ve cost ,f Dlacing a large number of units of product on test g_nd on lhe gxppmpd waiting time

following multiples of the termination number: 2r, 3r, 4r, 5r, 6/, 7r, 8r, 9r, 10r, and 20r.

2C2.2.3 Termination Time. The termination time 7, corresponding to the applicable termination
number r, producer’s risk «, and samnple size n, is obtained from the master table by multiplying the
tabled entry by the acceptable mean life 8.

2C3 LOT ACCEPTABILITY PROCEDURES WHEN TESTING WITHOUT REPLACEMENT

2C3.1 Acceptability Criterion. The acceptability of a lot with res
handbook shall be judged by the time required for the r’th failure to occur in a sample of size n. (‘ompare
the time of the occurrence of the r’th failure with the termination time 7', imentioned in paragraph 2(*.2.2.3.

If the r'th failure occurs prior to time 7. the lot is considered to have failed to meet the acceptability

-]



criterion; if the r’th faiiure stiil has not occurred by time 7, the iot is considered to have met the accept-
ability criterion

2C4 SELECTING THE LIFE TEST PLAN WHEN TESTING WITH REPLACEMENT

2C4.1 Master Sampling Table. The master sampling table for the life test sampling plans with replace-
ment is table 2C-2.

2C4.2 Obtaining the Sampling Plan. The truncated life test sampling plan consists of a termination
number r, a sample size n, and an associated termination time 7.

2C4.2.1 Termination Number. The termination number 7 shall be selected from among those given in
table 202 and specified prior to the initiation of the life test. The choice of this number shall be de-
pendent on the degree of protection desired against acceptance of material with unacceptable mean life.
The larger the termination number, the larger is the ratio 6,/6,, and, as mentioned in paragraph 2A3.3,

ar iq th ' non inat annanting matari
5 v avec
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P uilig iiiaciriarn wi T i

CHPLvauvIc jicani u

1 3 . | R 1 [ 'Y
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required for a decision. The sample size shall be selected, with this factor in mind, from one of
ing multiples of the termination number: 2r, 3, 4r, 5r, 6r, 7r, 8r, 9r, 107, and 20r.

(}
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by the time required for the r'th failure to occur in a sample of size n.  Compare the time of the occur-

rence of the r'th failure with the termination time 7, mentioned in paragraph 2(C4.2.3. If the r'th
failure occurs prior to time T, the lot is considered to have failed to meet the acceptability criterion;
if the r’th failure still has not occurred by time 7', the lot is considered to have met the a(‘cepmbili'ty
criterion.

Ezample 2C-1

Life Test Terminaled at Preassigned Time

Testing Without Replacement

Fxampie: Find a life test sampling plan without replacement which will accept a lot having an accepi-
able mean life of 1,000 hours with probability 0.90. The experiment is to be stopped on the occurrence

of the fifth failure and 10 units of product are to be placed on test.

Solution: In the notation of this handbook, 8,=1,000, «=0.10, r=5, and n=10=2r. From table
200 —1(e), T=04(T/8;)=1,000(314)=314. In words, ac N'pt the lot if the 5th failure has not vet
occurred by 314 hours and reject the lot if the 5th fallure curs before 314 hours have la.psed

Remark 1: The code designation of the ahove life test savnpling plan is obtained from table 2C—1(r‘)
as (-5. From table 2A-2, the probability of accepting a lot with mean life of, say, 500 hours may

be obtained by finding the ordinate of the OC curve labeled ("5 at the point where the absciss:a
6/6,=500/1,000=0.5. The probability of acceptance is seen to be equal to 0.47.

Remark 2: In this example, if the termination number had been selected as 6 rather than 5, the prob-
ability of accepting a lot with mean life of 500 hours is obtained from the OC curve labeled C-6. The
probability is seen to equal 0.41. This illustrates the remark made in paragraph 2(°2.2.1 that the
larger the termination number, the higher the probability of rejecting lots with unacceptable mean life.
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Ezample 2C-2

Testing With Replacement

Life Test Terminated at Preassigned Time

Ezample: In the problem of example 2C-1, find the termination time if the failed units of product had
been replaced.

Solution: From table 2C-2(c), T=204(T/6,) =1,000(.243) =243 hours.

In words, accept the lot if the

5th failure has not occurred by 243 hours and reject the lot if the 5th failure occurs before 243 hours
have elapsed.

Remark: The termination time, when sampling with replacement in this example is 243 hours as com-
pared to 314 hours when sampling without replacement. This illustrates the fact that the expected
waiting time for a decision as to lot acceptability is lessened by testing with replacement.

Table 2C-1(a)
Master Table for Life Tests Termintted at Preassigned Time—Testing Without Replacement
Values of T/fe, for a=0.01

Sample size
Code r
> t 4 4r . 4 o T : 4 4 10r 2r
A-1 1 0. 005 0. 003 0. 003 0. 002 0. 002 0. 001 0. 001 0. 001 0. 001 0. 0005
A-2 2 . 043 . 027 . 020 . 016 . 013 . 011 . 010 . 008 . 008 . 004
A-3 3 . 089 . 055 . 040 . 031 . 026 . 022 .019 . 017 . 015 . 007
A—4 4 . 131 . 079 . 087 . 045 . 037 . 031 . 027 . 024 . 021 . 011
A-8 5 . 188 . 100 . 072 . 058 . 048 . 039 . 034 . 020 . 027 .013
A-8 6 . 195 . 117 . 084 . 0865 . 054 . 045 . 039 . 035 . 031 . 015
A-7 7 . 219 . 131 . 094 . 073 . 060 . 051 . 044 . 039 . 035 . 017
A-8 8 . 241 . 143 . 103 . 080 . 085 . 055 . 048 . 042 . 038 . 019
A-9 9 . 260 . 155 . 110 . 086 . 070 . 060 . 052 . 046 . 041 . 020
A-10 10 . 276 . 164 . 117 . 091 . 075 . 083 . 055 . 048 . 043 . 021
A-11 15 . 337 . 199 . 142 . 110 . 090 . 078 . 066 . 058 . 052 . 026
A-12 20 .377 . 222 . 158 . 123 101 . 085 . 074 . 085 . 058 . 028
A-13 25 . 406 . 239 . 170 . 132 . 108 . 091 . 079 . 070 . 082 . 030
A-14 30 . 428 . 252 . 179 . 139 . 114 . 096 . 083 . 074 . 066 . 032
A-15 40 . 460 . 270 . 192 . 149 122 . 103 . 089 . 079 . 070 . 034
A-10 50 . 482 . 283 . 201 . 158 128 . 108 . 084 . 082 074 . 038
A-17 75 . 518 . 304 . 216 . 187 . 137 . 116 . 100 . 088 . 079 . 039
A-18 100 . 840 . 318 . 225 . 174 . 142 . 120 . 104 . 092 . 082 . 040

Feor explanation of the code, see par. 2A3.2 and table 2A-1.

VM vwastiaviavauase 3 weeaaa
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Table 2C-1(b)
Master Table for Life Tests Terminated at Preassigned Time—Testing Without Replacement
Values of T/6, for a=0.05

Sample size
Code r
2r ar 4r 5r 6r Tr 8r or 10r 20r
B-1 1 0. 026 0. 017 0. 013 0. 010 0. 009 0. 007 0. 006 0. 006 0. 005 0. 003
B-2 2 . 104 . 065 . 048 . 038 . 031 . 026 . 023 . 020 . 018 . 009
B-3 3 . 168 . 103 . 075 . 058 . 048 . 041 . 036 . 031 . 028 . 014
B-4 4 . 217 . 132 . 095 . 074 . 061 . 052 . 045 . 040 . 036 . 017
B-5 5 . 254 . 183 . 110 . 086 . 071 . 060 . 052 . 046 . 041 . 020
B-6 6 . 284 . 170 . 122 . 095 . 078 . 066 . 057 . 051 . 045 . 022
B-7 7 . 309 . 185 . 132 . 103 . 084 . 072 . 062 . 055 . 049 . 024
B-8 8 . 330 . 197 . 141 . 110 . 090 . 076 . 066 . 058 . 052 . 025
B-9 9 . 348 . 207 . 148 . 115 . 094 . 080 . 069 . 061 . 055 . 027
B-10 10 . 363 . 216 . 154 . 120 . 098 . 083 . 072 . 064 . 057 . 028
B-11 15 . 417 . 246 . 175 . 136 . 112 . 094 . 082 . 072 . 065 . 032
B-12 20 . 451 . 266 . 189 . 147 . 120 . 102 . 088 . 078 . 070 . 034
B-13 25 . 475 . 280 . 199 . 154 . 126 . 107 . 093 . 082 . 073 . 036
B-14 30 . 493 . 290 . 206 . 160 . 131 11 . 096 . 085 . 076 . 037
B-15 40 . 519 . 305 . 216 . 168 . 137 . 116 . 101 . 089 . 079 . 039
B-i6 50 . 536 . 315 . 223 . 173 . 142 . 120 . 104 . 092 . 082 . 040
B-17 75 . 564 . 331 . 235 . 182 . 149 . 126 . 109 . 096 . 086 . 042
B-18 100 . 581 . 340 . 242 . 187 . 153 . 130 . 112 . 099 . 089 . 043

For explanation of the code, see par. 2A3.2 and table 2A-1.

Table 2C-1(c)
Master Table for Life Tests Terminated at Preassigned Time— Testing Without Replacement
Values of T/6, for a=0.10

Sample size
Code r
r 3r 4r 14 or 7r 8r or 10r 20r
C-1 1 0. 053 0. 035 0. 026 0. 021 0. 018 0. 015 0. 013 0. 012 0. 011 0. 005
C-2 2 . 155 . 098 . 071 . 056 . 046 . 039 . 034 . 030 . 027 . 013
C-3 3 . 226 . 139 . 101 . 679 . 085 . 055 . 048 . 042 . 038 . 01g
C-4 4 . 277 . 168 . 121 . 095 . 078 . U66 . 057 . 051 . 045 . 022
C-5 5 . 314 . 189 . 136 . 106 . 087 . 074 . 064 . 057 . 051 . 025
C-6 6 . 343 . 208 . 147 . 115 . 094 . 080 . 069 . 061 . 055 . 027
C-7 7 . 366 . 219 . 157 . 122 . 100 . 085 . 074 . 065 . 058 . 028
C-8 8 . 386 . 230 . 164 . 128 . 105 . 089 . 077 . 068 . 061 . 030
Cc-9 9 . 402 . 239 . 171 . 133 . 109 . 092 . 080 . 071 . 063 . 031
C-10 10 . 416 . 247 . 176 . 137 . 112 . 095 . 082 . 073 . 065 . 032
C-11 15 . 465 . 275 . 196 . 162 . 124 . 105 . 091 . 081 . 072 . 035
C-12 20 . 494 . 291 . 207 . 161 . 132 . 112 . 097 . 085 . 076 . 037
C-13 25 . 515 . 303 . 216 . 167 . 137 . 116 . 100 . 089 . 079 . 039
C-14 30 . 530 . 312 . 222 . 172 . 141 . 119 . 103 . 081 . 081 . 040
C-15 40 . 552 . 324 . 230 . 179 . 146 . 124 . 107 . 094 . 084 . 041
C-16 50 . 567 . 333 . 236 . 183 . 150 . 127 . 110 . 097 . 087 . 042
C-17 75 . 590 . 346 . 245 . 190 . 156 . 132 . 114 . 101 . 090 . 044
C-18 100 . 604 . 354 . 251 . 1956 . 159 . 135 . 117 . 103 . 092 . 045

For explanation of the code, see par. 2A3.2 and table 2A-1.



Table 2C-1(d)
Master Table for Life Tests Terminated at Preassigned time— Testing Without Replacement
Values of T/, for a=0.25

Sample size
Code r
2r 3r 4r 5r 6r 7r 8r 9r 10r 20r
D-1 1 0. 144 0. 096 0. 072 0. 058 0. 048 0. 041 0. 036 0. 032 0. 029 0.014
D-2 2 . 281 . 176 . 129 . 102 . 084 . 071 . 062 . 055 . 049 . 024
D-3 3 . 355 . 218 . 158 . 124 . 102 . 087 . 075 . 067 . 060 . 029
D-4 4 . 402 . 244 . 176 . 138 . 113 . 096 . 083 . 074 . 066 . 032
D-5 5 . 435 . 262 . 188 . 147 . 121 . 102 . 089 . 078 . 070 . 034
D-6 6 . 459 . 276 . 197 . 154 . 126 . 107 . 093 . 082 . 073 . 036
D-7 7 . 478 . 286 . 205 . 159 . 131 . 111 . 096 . 085 . 076 . 037
D-8 8 . 493 . 294 . 210 . 164 . 134 . 114 . 099 . 087 . 078 . 038
D-9 9 . 506 . 301 . 215 . 168 . 137 . 116 . 101 . 089 . 080 . 039
D-10 10 . 517 . 307 . 219 . 171 . 140 . 118 . 102 . 091 . 081 . 040
D-11 15 . 552 . 326 . 232 . 181 . 148 . 125 . 108 . 096 . 086 . 042
D-12 20 . 573 . 338 . 240 . 187 . 153 . 129 . 112 . 099 . 088 . 043
D-13 25 . 587 . 345 . 246 . 191 . 156 . 132 . 114 . 101 . 090 . 044
D-14 30 . 897 . 3581 . 250 . 194 . 159 . 134 . 118 . 103 . 092 . 045
D-15 40 . 611 . 359 . 255 . 198 . 162 . 137 . 119 . 105 . 094 . 046
D-16 50 . 620 . 364 . 258 . 201 . 164 . 139 . 120 . 106 . 095 . 046
D-17 75 . 635 . 372 . 264 . 205 . 168 . 142 . 123 . 108 . 097 . 047
D-18 100 . 643 . 377 . 267 . 208 . 170 . 143 . 124 . 110 . 098 . 048

For explanation of the code, see par. 2A3.2 and table 2A-1.
Table 2C-1(e)
Masier Table for Life Tests Terminated at Preassigned Time—Testing Withow Replacement
Values of T/6, for a=0.50

Sample size
Code r
2r 3r 4r 5r or r 8r o 107 20r
E-1 1 0. 346 0. 231 0. 173 0. 139 0. 116 0. 099 0. 087 0. 077 0. 069 0. 035
E-2 2 . 489 . 308 . 225 . 177 . 146 . 125 . 108 . 096 . 086 . 042
E-3 3 . 549 . 338 . 244 . 192 . 158 . 134 . 116 . 103 . 092 . 045
E-4 4 . 582 . 354 . 255 . 199 . 164 . 139 . 121 . 107 . 095 . 047
E-5 5 . 603 . 364 . 261 . 204 . 167 . 142 . 123 . 109 . 097 . 048
E-6 6 617 . 370 . 265 . 207 . 170 . 144 . 125 . 110 . 099 . 048
E-7 7 . 628 . 375 . 269 . 209 . 172 . 145 . 126 111 . 100 . 049
E-8 8 . 636 . 379 . 271 . 211 . 173 . 146 . 127 . 112 . 100 . 049
E-9 9 . 641 . 382 . 273 . 212 . 174 . 147 . 128 . 113 . 101 . 049
E-10 10 . 647 . 384 . 274 . 213 . 175 . 148 . 128 . 113 . 101 . 050
E-11 15 . 662 . 391 . 279 . 217 177 . 150 . 130 . 115 . 103 . 050
E-12 20 . 669 . 394 . 281 . 218 . 178 . 151 . 131 . 115 . 103 . 050
E-13 25 . 674 . 397 . 282 . 219 . 179 . 152 . 131 . 116 . 104 . 051
E-14 30 . 677 . 398 . 283 . 220 . 180 . 182 . 132 . 116 . 104 . 051
E-15 40 . 681 . 400 . 284 . 221 . 180 . 153 . 132 117 . 104 . 051
E-16 50 . 683 . 401 . 285 . 221 . 181 . 153 . 132 . 117 . 104 . 051
E-17 75 . 687 . 403 . 286 . 222 . 181 . 153 . 133 . 117 . 105 . 051
E-18 100 . 689 . 403 . 286 . 222 . 182 . 154 . 133 . 117 . 105 . 051

For explanation of the code, see par. 2A3.2 and tahle 2A-1.
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Table 2C-2(a)

Master Table for Life Tests Terminated at Preassigned Time— Testing With Replacement

Values of 7'/6, for a=0.01

Sample size
Code r
2r 3r 4r 57 6r Kid 8r or 10r 20r
A-1 1 0. 005 0. 003 0. 003 0. 002 0. 002 0. 001 0. 001 0. 001 0. 001 0. 0005
A-2 2 . 037 . 025 . 019 . 015 . 012 . 011 . 009 . 008 . 007 . 004
A-3 3 . 073 . 048 . 036 . 029 . 024 . 021 . 108 . 016 . 015 . 007
A-4 4 . 103 . 069 . 051 . 041 . 034 . 029 . 026 . 023 . 021 . 010
A-5 5 . 128 . 085 . 064 . 051 . 043 . 037 . 032 . 028 . 028 . 013
A-6 6 . 149 . 099 . 074 . 060 . 050 . 043 . 037 . 033 . 030 . 015
A-7 7 . 166 . 111 . 083 . 067 . 055 . 048 . 042 . 037 . 033 . 017
A-8 8 . 182 . 121 . 091 . 073 . 061 . 052 . 045 . 040 . 036 . 018
A-9 9 . 195 . 130 . 097 . 078 . 065 . 056 . 049 . 043 . 039 . 019
A-10 10 . 207 . 138 . 103 . 083 . 069 . 059 . 052 . 046 . 041 . 021
A-11 15 . 249 . 166 . 125 . 100 . 083 . 071 . 062 . 055 . 050 . 025
A-12 20 . 277 . 185 . 139 S 111 . 092 . 079 . 069 . 062 . 055 . 028
A-13 25 . 297 . 198 . 149 . 119 . 099 . 085 . 074 . 066 . 059 . 030
A-14 30 . 312 . 208 . 156 . 125 . 104 . 089 . 078 . 069 . 062 . 031
A-15 40 . 335 . 223 . 167 . 134 . 112 . 096 . 084 . 074 . 087 . 033
A-16 50 . 350 . 234 . 175 . 140 . 117 . 100 . 088 . 078 . 070 . 035
A-17 75 . 376 . 250 . 188 . 150 . 125 . 107 . 094 . 083 . 075 . 038
A-18 100 . 391 . 261 . 196 . 156 . 130 . 112 . 098 . 087 . 078 . 039
For explanation of the code, see par. 2A3.2 and table 2A-1
Table 2C-2(b)
Master Table for Life Tests Terminated at Preassigned Time—Testing With Replacement
Values of T/6, for «a=0.05
Sample size
Code r
2r 3r 4r 5r 6r kid 8r 9r 10r 2r
B-1 i 0. 026 0. 017 0. 013 0. 010 0. 009 0. 007 0. 606 0. 608 0. 005 0. 003
B-2 2 . 089 . 059 . 044 . 036 . 030 . 025 . 022 . 020 . 018 . 009
B-3 3 . 136 . 091 . 068 . 055 . 045 . 039 . 034 . 030 . 027 014
B-4 4 L 171 . 114 . 085 . 068 . 057 . 049 . 043 . 038 . 034 017
B-5 5 . 197 . 131 . 099 . 079 . 066 . 056 . 049 . 044 . 039 . 020
B-6 6 . 218 . 145 . 109 . 087 . 073 . 062 . 054 . 048 . 044 . 022
B-7 7 . 235 . 156 . 117 . 094 . 078 . 067 . 059 . 052 . 047 . 023
B-8 8 . 249 . 166 . 124 . 100 . 083 . 071 . 062 . 055 . 050 . 025
B-9 9 . 261 . 174 . 130 . 104 . 087 . 075 . 085 . 058 . 052 . 026
B-10 10 . 271 . 181 . 136 . 109 . 090 . 078 . 068 . 060 . 054 . 027
B-11 15 . 308 . 205 . 154 . 123 . 103 . 088 . 077 . 068 . 062 . 031
B-12 20 . 331 . 221 . 166 . 133 . 110 . 095 . 083 . 074 . 066 033
B-13 25 . 348 . 232 . 174 . 139 . 116 . 099 . 087 . 077 . 070 . 035
B-14 30 . 360 . 240 . 180 . 144 . 120 . 103 . 090 . 080 . 072 . 036
B-15 40 . 377 . 252 . 189 . 151 . 126 . 108 . 094 . 084 . 075 . 038
B-16 50 . 390 . 260 . 195 . 156 . 130 . 111 . 097 . 087 . 078 . 039
B-17 75 . 409 . 273 . 204 . 164 . 136 . 117 . 102 . 091 . 082 . 041
B-18 100 . 421 . 280 . 210 . 168 . 140 . 120 . 105 . 093 . 084 . 042

For explanation of the code, see par. 2A3. 2 and table 2A-1.
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Table 2C-2(c)
Master Table for Life Tests Terminated at Preassigned Time—Testing With Replacement
Values of T/8, for a=0.10

Sample size
Code r
2r 3r 4r 5r 6r 7r 8r or 10r 207
C-1 1 0. 053 0. 035 0. 026 0. 021 0. 018 0. 015 0. 013 0. 012 0. 011 0. 005
C-2 2 . 133 . 089 . 066 . 053 . 044 . 038 . 033 . 030 . 027 . 013
C-3 3 . 184 . 122 . 092 . 073 . 061 . 052 . 046 . 041 . 037 . 018
C-4 4 . 218 . 145 . 109 . 087 . 073 . 062 . 055 . 048 . 044 . 022
C-5 5 . 243 . 162 . 122 . 097 . 081 . 070 . 061 . 054 . 049 . 024
C-6 6 . 263 . 175 . 131 . 105 . 088 . 075 . 066 . 058 . 053 . 026
C-7 7 . 278 . 185 . 139 . 111 . 093 . 079 . 070 . 062 . 056 . 028
C-8 8 . 291 . 194 . 146 . 116 . 097 . 083 . 073 . 065 . 058 . 029
C-9 9 . 302 . 201 . 151 . 121 . 101 . 086 . 075 . 067 . 060 . 030
C-10 10 . 311 . 207 . 156 . 124 . 104 . 089 . 078 . 069 . 062 . 031
C-11 15 . 343 . 229 . 172 . 137 . 114 . 098 . 086 . 076 . 069 . 034
C-12 20 . 363 . 242 . 182 . 145 . 121 . 104 . 091 . 081 . 073 . 036
C-13 25 . 377 . 251 . 188 . 151 . 126 . 108 . 094 . 084 . 075 . 038
C-14 30 . 387 . 258 . 194 . 155 . 129 . 111 . 097 . 086 . 077 . 039
C~15 40 . 402 . 268 . 201 . 161 . 134 . 115 . 100 . 089 . 080 . 040
C-16 50 . 412 . 275 . 206 . 165 . 137 . 118 . 103 . 092 , 082 . 041
C-17 75 . 428 . 285 . 214 L 171 . 143 . 122 . 107 . 095 . 086 . 043
C-18 100 . 437 . 291 . 219 . 175 . 146 . 125 . 109 . 097 , 087 . 044
For explanation of the code, see par. 2A3. 2 and table 2A-1.
Table 2C-2(d)
Master Table for Life Tests Terminated at Preassigned Time—Testing With Replacement
Values of T'/6, for «=0.25
Sample size
Code r
2r 3r 4r 5r 6r r 8r 9r 10r 2r
D-1 i 0. 144 0. 686 0. 072 0. 058 0. 048 0. 041 0. 036 0. 032 0. 029 0. 014
D-2 2 . 240 . 160 . 120 . 096 . 080 . 069 . 060 . 053 . 048 . 024
D-3 3 . 288 . 192 . 144 . 115 . 096 . 082 . 072 . 064 . 058 . 029
D-4 4 . 317 . 211 . 158 . 127 . 106 . 091 . 079 . 070 . 063 . 032
D-5 5 . 337 . 225 . 168 . 135 . 112 . 096 . 084 . 075 . 067 . 034
D-6 6 | . 352 . 234 . 176 . 141 . 117 . 100 . 088 . 078 . 070 . 035
D-7 7 . 363 . 242 . 182 . 145 . 121 . 104 . 091 . 081 . 073 . 036
D-8 8 . 372 . 248 . 186 . 149 . 124 . 106 . 093 . 083 . 074 . 037
D-9 9 j . 380 . 253 . 190 . 1562 . 127 . 109 . 095 . 084 . 076 . 038
D-~10 10 . 386 . 258 . 193 . 1585 . 129 . 110 . 097 . 086 . 077 . 039
D-11 15 . 408 . 272 . 204 . 163 . 136 117 . 102 . 091 . 082 . 041
D-12 20 . 421 . 281 . 210 . 168 . 140 . 120 . 105 . 094 . 084 , 042
D-13 25 . 429 . 286 . 215 . 172 . 143 . 123 . 107 . 095 . 086 . 043
D-14 30 . 436 . 291 . 218 . 174 . 145 . 125 . 109 . 097 . 087 . 044
D-15 40 . 445 . 296 . 222 . 178 . 148 . 127 111 . 099 . 089 . 044
D-16 50 . 451 . 300 . 225 . 180 . 150 . 129 . 113 . 100 . 090 . 045
D-17 75 . 460 . 307 . 230 . 184 . 183 . 131 . 115 . 102 . 092 048
D-18 100 . 465 . 310 . 233 . 186 . 155 . 133 . 116 . 103 . 093 . 047

For explanation of the code, see par. 2A3.2 and table 2A-1.

248



Table 2C-2(e)
Master Table for Life Tests Terminated at Preassigned Time—Testing With Replacement
Values of T/6, for a=0.50

Sample size
Code r —
2r 3r 4r 57 6r r 8r 9r 10r 20r
E-1 1 0. 347 0. 231 0. 173 0. 139 0.116 0. 099 0. 087 0. 077 0. 069 0. 035
E-2 2 . 420 . 280 210 . 168 . 140 . 120 . 105 . 093 . 084 . 042
E-3 3 . 446 . 297 223 178 . 149 . 127 111 . 099 . 089 . 045
E-4 1 4 . 459 . 306 . 230 . 184 . 183 . 131 . 115 . 102 . 092 . 046
E-5 5 . 467 L 31i . 234 . 187 . 156 . 133 117 . 104 . 093 . 047
E-6 6 . 473 . 315 . 236 . 189 . 158 . 135 . 118 . 105 . 095 . 047
E-7 7 . 476 . 318 238 191 . 159 . 136 . 119 . 106 . 095 . 048
E-8 ‘ 8 . 479 . 320 . 240 . 192 . 160 137 . 120 . 107 . 096 . 048
E-9 9 . 482 . 321 . 241 . 193 . 161 . 138 . 120 . 107 . 096 . 048
E-10 10 . 483 . 322 . 242 . 193 . 161 . 138 . 121 . 107 . 097 . 048
E-11 15 . 489 . 326 . 244 . 196 . 163 . 140 . 122 . 109 . 098 . 049
E-12 20 . 492 . 328 . 246 . 197 . 164 . 140 . 123 . 109 . 098 . 049
E-13 25 . 493 . 329 . 247 . 197 . 164 . 141 . 123 . 110 . 099 . 049
E-14 30 . 494 . 330 . 247 . 198 . 165 . 141 124 . 110 . 099 . 049
E-15 40 . 496 . 331 . 248 . 198 . 165 . 142 . 124 . 110 . 099 . 050
E-16 50 . 497 . 331 . 248 . 199 . 166 . 142 . 124 . 110 . 099 . 050
E-17 | 75 . 498 . 332 . 249 . 199 . 166 142 124 Sl . 100 . 050
E-18 & 100 . 498 . 332 . 249 . 199 . 166 . 142 125 C111 . 100 . 050

For explanation of the code, see par. 2A3.2 and table 2A-1.

LIFE TESTS TERMINATED AT PREASSIGNED TIME

Part II
LIFE TEST SAMPLING PLANS FOR SPECIFIED «, 8, 6,/6,, AND T/s,
2C6 DESIGNING LIFE TEST SAMPLING PLANS

A life test sampling plan may be designed so that its OC curve meets the following prescribed con-
ditions: (1) if #=4,, then the probability of the lot meeting the acceptability criterion is 1 —a, and (2)
if 6=6,, then the probability of the lot meeting the acceptability criterion is approximately equal to 8.
This part of the handbook provides procedures for obtaining values of the termination number and the
sample size when certain selected values of «, 8, 6,/8,, and T/6, are specified. This part of the handbook
may be considered an extension of section 2C, part I, so that when values of «, 8, 8,/8,, and T/6, other
than those provided here are needed, refer to section 2C, part I, to determine whether one of the sampling
plans given in that section is applicable. Moreover, if the desired value of 7/6, 1s not given in this part
of the handbook, it may be noted that 7 is usually an upper limit while 8, is a lower limit. Thus, if no
sampling plan is given for the desired value of 7/6,, the sampling plan for the next lower value of 776,
which is given, may be used.

2C6.1 Life Test Plans When Testing Without Replacement. From table 2C-3, values of the termina-
tion number 7 and the sample size » may be obtained when testing without replacement for values of
«=0.01,0.05, 0.10, and 0.25; 3=0.01, 0.05, 0.10, and 0.25; 8,/6,=2/3, 1/2, 1/3, 1/5, and 1/10; and T/8,=
1/3, 1/5, 1/10, and 1/20. The values ¢f 6,/8, and 7/8, shall be computed and for the appropriate values
of a and B, values of r and n shall then be obtained from table 2C-3
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Frample 2C-3
Life Test Terminated at Preassigned Time

Testing Without Replacement

—

Ezample: Find a nonreplacement life test sampling plan which 1s not to exceed 500 hours and which wil
accept a lot with acceptable mean life of 10,000 hours at least 90 percent of the time but will reject a lot
with unacceptable mean life of 2,000 hours about 90 percent of the time.

Solution: In this case 7'=500, 6,=10,000, 6,=2,000, «=0.10, and 8=0.10. Hence, 6,/8,=1/5, and
T/6,==1/20. Looking in table 2('— 3 under a=0.10, 6:0.10, 0,/00:1/5, and 7/6,=1/20, the termination
number r=3 and sample size n=23 are obtained. Thus the desired nonreplacement plan is as follows:
Start the life test with n=23 units of product. Do not replace any units that fail. The lot is considered
to have met the acceptability criterion 1f 3 failures have not ()('rurrod bv 500 hours and the Iife test is

atlure occurs before 500 hours a 1e test is terminated a! the time of !hv 3d fa.l" e.
2C6.2 Life T When Testing With Repiacement. From table 20’4, values of the termination

ample size n may be obtained when testing with replacement for values of «=0.01,

he s
0.05, 0.10, and 0.25; 8=0.01, 0.05, 0.10, and 0.25; 8,/6,==2/3, 1/2, 1/3, 1/5, and 1/10; and T/8,=1/3 /5
1

9
1/10, and 1/20. T
values of r and n shall then be obtained from table 2C-4.

AV, & i, ana /a2y, anta L Ug— 1/5,

1
1/5,
1e values 6!/01\ and ]/6{\ shall bv (onmut(d and for the appropriate values of « and 8,

jylis

Life Test Terminated at Preassigned Time
Testing With Replacement

FErample: Find a replacement life test sampling plan which is not to exceed 500 hours and which will
accept a lot with mean life of 10,000 hours at least 90 percent of the time but will reject a lot with mean
life of 2,000 hours about 90 percent of the time.

Solution: In this problem, T=500, 6,=10,000, 6,=2,000, «=0.10, and 8=0.10. Hence, 6,/8,=1/5,
T/68,~-1/20, the termination number r=3, and the sample size n=22 are obtained. Thus the desired
test plan is as follows: Start the hife test with n--22 units of product. As soon as a unit of product fails,
replace it with a new umt. Thelot s (‘Ollsl(l(‘r‘(‘(l to have met the acceptability criterion if 3 fatlures have

v Lo tag te 1

1ot occurreda v 3V OUU nours and e dife test s tc “ii”h‘iuu at AiS tine. ine 1ot 18 ¢ JiiSiu ’/T?d to nave
failed to meet the acceptability criterion if the 3d failure oceurs hefore 500 hours and the test is ter-
minated at the time of the 3d failure

2.50



LIFE TESTS TERMINATED AT PREASSIGNED TIME
TESTING WITHOUT REPLACEMENT

Table 2C-8
Life Test Sampling Rlans for Specified a, B8, 6,/6,, and T/,

T/6s Ty
0:/60 r 1/3 15 110 1/20 r 1/3 1/5 1/10 1/20
n n n n n n n n
a=0.01 £=0.01 a=0.05 £=0.01
2/3 136 | 403 622 1172 2275 95 | 289 447 843 1639
1/2 46 | 119 182 340 657 33| 90 138 258 499
1/3 19| 41 61 113 218 13| 30 45 83 160
1/5 9| 15 22 39 74 7| 13 20 36 69
1/10 5 6 9 15 28 4 6 9 15 29
a=0.01 8=0.05 a=0.05 8=0.05
2/3 101 | 201 448 842 1632 87 | 198 305 575 1116
1/2 35| 87 132 245 472 23| 59 9 168 326
1/3 15| 30 45 82 157 10 21 32 59 113
1/5 8| 13 18 33 82 5 8 12 22 41
1/10 4 4 6 10 18 3 4 5 9 17
a=0.01 £=0.10 a=0.05 $=0.10
2/3 83 | 234 350 875 1307 55| 159 245 462 895
1/2 30| 72 109 202 390 19| 47 72 134 258
1/3 13| 25 37 67 128 8| 186 24 43 83
1/5 11 15 26 50 4 A 9 15 29
1/10 4 4 8 10 18 3 4 5 9 17
a=0.01 g=0.25 a=0.05 8=0.25
2/3 60 | 162 248 465 899 35| 96 147 276 535
1/2 22 | 49 74 137 262 13| 30 45 83 160
1/3 10| 18 28 48 87 6| 1n 16 29 55
1/5 5 6 9 15 28 3 4 5 9 17
1/10 3 3 4 8 10 2 2 2 4 8
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Table £C-3—Continued

T/6o Ti6o
6./60 r 1/3 1/6 1/10 1/20 r 1/3 1/5 1/10 1/20
n n n n n n n n
a=0.10 8=0.01 a=0.25 £=0.01
2/3 77 238 369 699 1358 52 168 261 496 965
1/2 26 73 112 210 407 17 51 79 149 289
1/3 11 27 40 75 145 7 19 29 54 105
/5 5 10 i4 26 51 3 6 10 18 36
1/10 3 5 7 12 23 2 3 5 10 20
a=0.10 8=0.05 a=0.25 £$=0.05
2/3 52 156 242 456 886 32 101 156 296 576
1/2 18 48 73 137 265 11 31 48 91 177
1/3 8 18 27 50 97 5 12 19 36 69
1/5 4 7 10 19 36 2 3 5 10 20
1/10 2 2 3 6 11 2 3 5 10 20
a=0.10 8=0.10 a=0.25 5=0.10
2/3 41 121 186 351 681 23 71 110 207 403
1/2 15 39 59 110 213 8 22 33 63 123
1/3 [ 12 18 34 66 4 9 14 27 52
1/5 3 5 7 12 23 2 3 5 10 20
1/10 2 2 3 6 11 1 1 1 3 6
a=0.10 8=0.25 a=0.25 8=0.25
2/3 25 69 107 201 389 12 34 53 101 196
1/2 9 21 31 58 113 5 12 19 36 69
1/3 4 7 10 19 36 2 3 5 10 20
1/5 3 5 7 12 23 1 1 1 3 6
1/16 2 2 3 [ il i i 1 3 6
No operating characteristic curves are provided for these sampling plans. However, two points on the OC curves (1, 1-a) and (8;/8s, 8) are
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LIFE TESTS TERMINATED AT PREASSIGNED TIME
TESTING WITH REPLACEMENT

Table 2C-4
Life Test Sampling Plans for Specified a, B8, 6,/6,, and T/6,

T/t T/ts
61/60 r 1/3 1/5 1/10 1/20 r 1/3 /5 1/10 1/20
n n n n n n n n
a=0.01 8=0.01 a=0.05 8=0.01
2/3 136 | 331 551 1103 2207 95 | 238 397 795 1591
1/2 46 95 158 317 634 33 72 120 241 483
1/3 19 31 51 103 206 13 23 38 76 153
1/5 9 10 17 35 70 7 9 16 32 65
1/10 5 4 6 12 25 4 4 6 13 27
a=0.01 8=0.05 a=0.05 #=0.05
2/3 101 237 395 790 1581 67 162 270 541 1082
1/2 35 68 113 227 454 23 47 78 157 314
1/3 15 22 37 74 149 10 16 27 54 108
1/5 8 8 14 29 58 5 6 10 19 39
1/10 4 3 4 8 16 3 3 4 8 16
a=0.01 £=0.10 a=0.05 £=0.10
2/3 83 189 316 632 1265 65 130 216 433 867
1/2 30 56 93 187 374 19 37 62 124 248
1/3 13 18 30 60 121 8 11 19 39 79
1/6 7 7 11 23 46 4 4 7 13 27
1/10 4 2 4 8 16 3 3 4 8 16
a=0.01 B=0.25 a=0.05 6=0.25
2/3 60 130 217 434 869 35 77 129 25¢ 517
1/2 22 37 62 125 251 13 23 38 76 153
1/3 10 12 20 41 82 6 7 13 26 52
1/5 5 4 7 13 25 3 3 4 8 16
1/10 3 2 2 4 8 2 1 2 3 7

2.53



Table 2C-4—Continued

T/6 Tioo
8:/60 r 1/3 1/5 1/10 1/20 r 1/3 1/5 1/10 1/20
T n - n n n n n n n
a=0.10 8=0.01 a=0.25 8=0.01
2/3 77 197 329 659 1319 52 140 234 469 939
1/2 26 59 98 197 394 17 42 70 140 281
1/3 11 21 35 70 140 7 15 25 50 101
1/6 5 7 12 24 48 3 5 8 17 34
1/10 3 3 5 11 22 2 2 4 9 19
a=0.10 8=0.05 a=0.25 8=0.05
2/3 52 128 214 429 859 32 84 140 280 560
1/2 18 38 64 128 256 11 25 43 86 172
1/3 8 13 23 46 93 5 10 16 33 67
1/5 4 5 8 17 34 2 3 5 10 19
1/10 2 2 3 5 10 2 2 4 9 19
a=0.10 £=0.10 a=0.25 8=0.10
2/3 41 99 165 330 660 23 58 98 196 392
1/2 15 30 51 102 205 8 17 29 59 119
1/3 6 9 15 31 63 4 7 12 25 50
1/6 3 4 6 11 22 2 3 4 9 19
1110 D) D) ) 19 1mn 1 1 2] Q |4
1/1V r i o o v iv F e i r4 9 g
a=0.10 8=0.25 a=0.25 8=0.25
2/3 25 56 94 188 378 12 28 47 95 190
1/2 9 16 27 54 108 5 10 16 33 67
1/3 4 5 8 17 34 2 2 4 9 19
i/5 3 3 5 il 22 i i 2 3 6
1/10 2 1 2 5 10 1 1 1 2 5

No operating characteristic curves are provided for these sampling plans. However, two points on the OC curves (1, 1-a) and (6,/6s, 8) are given.

LIFE TESTS TERMINATED AT PREASSIGNED TIME—TESTING WITHOUT

REPLACEMENT
Part 111
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LIFE TEST SAMPLING PLANS BASED ON FAILURE RATES

2C7 FRACTION OF LOT FAILING BEFORE SPECIFIED TIME

The sampling plans in this part of the handbook may be used when either (1) the proportion of lot
failing before specified time, or (2) the failure rate during time period is specified. Since the sampling
plans are based on proportion of lot failing, when the failure rate for period of time is specified, the
failure rate shall be multiplied by the specified length of time. That is,

n=GT
P

where p is the proportion of lot failing before specified time 7 and G is the failure rate during period of
time 7.

R e = = 5= — o - -




stdered unsatisfactory if the failure rate is greaner than or equal to p,, wnere p1>po From table 2C-5,
values of the termination number 7 and the factor D are obtained when testing without replacement for
values of «=0.01, 0. 05, and 0 10' $=0.01, 0.05, and 0.10, end p;/p;=1.5,2,25,3, 4,5 and 10. In this
table the sample size, n, is given by [D/p,) Whl(‘h means the greatest integer less than or equal to D/p,,

e.g., [3.8]=3 and [4]—

Testing Without Replacement

e test sampling plan which will accept at least 90 percent of thelots

time, expressed as a percenw.ge is 1ess than or equal to 1 percent

8
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T,
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(4]
5‘
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C’

s and 1
equal to 10 percent .
Solution: In this prob]em, G,=0.01/1,000=0.00001, G,=0.10/1,000=0.00010, a=0.10, 8=0.05, and
T'=1,000 hours. Thus, p,=1,000 G,= 0.01, p,=1,000 G,=0.10, and p,/p,=10. Looking in table 2C-5,
it is seen that 7=2 and n=[0.532/.01]=53. Thus, the desired plan is as follows: Place 53 units of product
on test. If 2 failures occur before time T, reject the lot and terminate the test at the time of occurrence
of the second failure. If one or fewer failures have occurred at time 7', accept the lot and terminate the

tnat
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LIFE TESTS TERMINATED AT PREASSIGNED TIME
TESTING WITHOUT REPLACEMENT
Table 2C-6
Life Test Sampling Plans for Specified a, 8, and py/po
Values of r (upper numbers) and of D (lower numbers) *
a=0.01 a=0.05 a=0.10
miDe R
B=0.01 0.05 0.10 0.01 0.05 0.10 0.01 0.05 0.10
3/2 136 101 83 95 67 55 77 52 41
110. 4 79. 1 63. 3 79.6 54. 1 43. 4 66. 0 43. 0 33.0
2 46 35 30 33 23 19 26 18 15
31.7 22.7 18. 7 24. 2 15. 7 12. 4 19. 7 12. 8 10. 3
o 27 21 18 19 14 11 15 11 ]
5/2 16. 4 1.8 9. 62 12. 4 8. 46 6. 17 10. 3 7.02 5. 43
3 19 15 13 13 10 8 11 8 6
10.3 7. 48 8. 10 7. 69 5. 43 3.98 7.02 4. 66 3. 15
4 12 10 9 9 7 6 7 5 4
5. 43 413 3. 51 4. 70 3.29 2. 61 3. 90 2. 43 1.75
5 9 8 7 7 5 4 5 4 3
3. 51 2.91 2.33 3. 29 1. 97 1. 37 2. 43 1.75 1. 10
1n 5 4 4 4 3 3 3 2 2
o 1. 28 . 823 . 823 1. 37 . 818 . 818 1. 10 . 532 . 532
i

*The sampie size n is obtained by taking the largest integer less than or equal to the tabled value divided by ps, L.e., n=[ D/ps].
Producer’s risk a i3 the probability of rejecting lots with acceptable proportion of lot failing before specified time, pe.
Consumer’s risk 8 is the probability of accepting lots with unacceptable proportion of lot failing before specified time, p:.
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SEQUENTIAL LIFE TEST SAMPLING PLANS

EQUENTIAL LIFE TEST SAMPLING PLANS

)
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This part of the handbook describes the procedures for use in determining lot acceptability with
sequential life tests. Two procedures are given: (1) a procedure when testing without replacement,
and (2) another procedure when testing with repiacement.
2D1.1 Use of Sequential Life Test Plans. To determine whether the lot meets the acceptability cri-
terion with respect to average length of iife, the applunblo samplmg plan shall be used in accordance

=1 NP N o Aoy ey - ~ s
wiih the provisions of section 2A, General Description of Life Test Plans, and those in this part of the
handbook.

Drawing of Sampies. All samnples shall

2Di.2 be drawn in accordance with paragraph 1A6.
2D1 Sample Plan Code Designation. 'The sample plan code designation shall be selected from table
ZA-

2D2 SELECTING SEQUENTIAL LIFE TEST PLANS FOR DETERMINING LOT ACCEPT.-
BILITY

2D2.1 Master Sampling Table. The master sampling table for sequential life test plans for determin-
ing acceptability of a lot is table 2D-1.

2D2.2 Obtaining the Sampling Plan. The sequential life test sampling plan consists of a sample size
n, the acceptance line intercept Ay, the rejection line intercept h,, and the common slope & of the two
lines.  The sampling plan is obtained from the master table.

2D2.2.1 Sample Size. The minimum number of units of product that shall be placed on test, r,, when
testing without replacement, is shown in the master table. When testing with replacement, the sample
may be of any size. Increasing the sample size, in either sampling with or without replacement, wili
decrease the time required to reach a decision as to ot acceptabiiity.

2D2.2.2 Acceptance Line Intercept. The acceptance line intercept h, is obtained from the master
tabie by multiplying the entry corresponding to the sample pian code designation by the acceptabie
mean life §,.

2D2.2.3 Rejection Line Intercept. The rejection line intercept A, is obtained from the master table
by muitipiving the entry corresponding to the sampie pian code designation by 6.

2D2.2.4 Slope of Decision Lines. The common slope s of the acceptance and rejection lines is ob-
tained from the master table by multiplying the entry corresponding to the sample plan code designa-
RPN o

~ n
tioh DY 0.

2D2.3 Acceptance Time. The acceptance time

h0+k8
where i, Is the acceptance line intercept obtained in paragraph 212.2.2
o R £oal 3oooc ot b o baoc 1l .. L oo o 4
S IS L[H' slope Ol Lne aecision 1ines as ooiainea in paragruaplil £1J4.4.%
L is the number of failed units of product chserved in the length of time that the life test has been
in progress
r o

shall be computed for k=0, 1, 2,
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h1+k8

where &, is the rejection line intercept obtained in paragraph 2D2.2.3
s is the slope of the decision lines as obtained in paragraph 2D2.2.4
k is the number of failed units of product observed in the length of time that the life test has been
in progress
shall be computed for k=0, 1,2, . . . . Negative values of the rejection time mean that more failures
must occur before the rejection of the lot is allowed and hence may be disregarded.

2D3 LOT ACCEPTABILITY PROCEDURES WHEN TESTING WITHOUT REPLACEMENT

2D3.1 Total Life. The acceptability of a lot with respect to a sequenti e test sh ¥
the quantity »(f)
2D3.2 Computation. The following quantity shall be computed from the test results

th failaam gammnla af cina ~
vu Iauure in & sampie O1 SiZé 7t

t  denotes the length of time that the life test has been in progress
k  denotes the number of failed units of product observed in time ¢
V(t) denotes the total length of time survived by all units of product on test, failed and unfailed,

up to time ¢.

2D3.3 Acceptability Criterion. Compare the quantity V(tf) with the acceptance time, mentioned in
paragraph 2D2.3, and with the rejection time, mentioned in paragraph 2D2.4. If V(¢) is equal to or
greater than ho+ks, the lot meets the acceptability criterion; if V(t) is less than or equal to h,+ks, the

/rv

lot does not meet the accepmmmy crlterlon and if hl"l—k‘SQ V(t)& ﬂo—{—ks the evmence 18 lnSUIIlClent to
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reach a decision as to m,u:pw,umu_y so the life test must continue and the above proceaires repeatea at
a later time ¢.

l\’

Di LOT ACCEPTABILITY PROCEDURES WHEN TESTING WITH REPLACEMENT
2D4.1 Total Life. The acceptability of a lot w

quantity V(t).

2D4.2 Computation. The following quantity shall be computed from the test results:

where n denotes the number of units of product placed on test originally
t denotes the length of time that the life test has been in progress
V(t) denotes the total length of time survived by all units of product, failed and unfailed, original

R Y POy

units and replacement units, up to time i.

2D4.3 Acceptability Criterion. Compare the quantlty V(t) with the acceptance time, mentioned in
grT n ect 4

JESE | at™on

paragraph 2D2.3, and with the rejection time, mentioned in paragraph 2D2.4. If V(i) is equal to or
greater than ’zo—{—..s, the lot meets the dcceptability criterion; if V{(¢) is less than or equal to A, 4+ ks, the
lot does not meet the acceptability criterion; and if h;+ks<A,+ks, the evidence ia insufficient to reach
a decision as to acceptablhty the life test must continue and the above procedures repeated at a
later time f
2D5 CHOICE OF TIMES FOR DETERMINING ACCEPTARILITY

The procedures of sections 2D3 and 2D4 allow the acceptance of the lot if no failures are observed
before time Ao/n has elapsed; rejection of the lot is allowed at an y time >0 but the number of failures
must exceed —h,/s. If declslons as to lot acceptability can be made continuously in time, the greatest




savings in expected waiting time and the number of failures required for decision are realized over the
procedures of Sections 2B and 2C. However, if acceptance of the lot has not been allowed at time hy/n,

PPN P .\t 17{4\ aambdincad o camaomo—blLo OMQ O L OTMA O oo Lo o T 11 my -

compuoanion v i), Imenuionea in par ugxup 18 41J9.4 OF 41U4.4, ITIay D€ Imaaeé perioqicaily 1ne com-
nutation of V{t) must follow each failure but mav be made oftener in order to reduce the waiting time
pPravaeviva: Vi ¥V \V] RaiNAOV i1V TWLLs AALMRA T WUV LMWy VU LGl I Vhaala Al Viub: VY avuuuvy vav "wl\/llls V1o

required for decision.

2D6 TRUNCATION OF SEQUENTIAL LIFE TESTS

The sequential life test, when testing without replacement, will terminate, at the latest, when all

ta o X ___a _V_ __ 3 ___ a__a L ____ £_°1_9)0 aL a1 1 a4 S B Y f,,, il b ] ’
units oI proauct piacea on uest nave ialied; wne sequenual liie vesy, wnen tesung with repiacement,
should not be allowed to run indefinitely but mav be terminated bv the nrnnnflnram of thisa naragranh

10WG IV O€ audwel vo o INGEINIveiy ouv may oe TMinav OY uileé gcedures of this paragrapii.

In either case, the sequential life test may be terminated and the lot consxdered to have met the accepta-
bility criterion if the number of failures is less than r,, where the value of 7, is obtained from table 2D-1,
and if—

V(t) 2 min(ho+ ks, sro)

where V(t) and s are explained in paragraphs 2D2.2.4 and 2D3.2 or 2D4.2 and min (h,+ks, sr,) means

the lesser of either Ao+ ks or s7,. The sequential life test shall be terminated and the lot considered to
a failad ta maoant tha aprcantahilitv oritarion if VIA<h LLo ar if tha numbar af failiirag annala o
T 1G1i0U LW {ITOUV uiU alioplauvliivy LIVl 11 YV \Y) =2/ T A5 Ul 11 UlIC LIUHNIUCTT Ul [allults cquals 7y

2D7.1 Charts Made Before Start of Life Test. The acceptability procedures of Sections 2D2 to 2D6
may be drawn on a chart with the vertical axis representing V(¢) and the horizontal axis represenung k
(see example 2D-3 and fie. 2D-1). The acceptance line shall be drawn with vertical axis intercept
\DTU CABRLIPIU LI770 @l 11g. &x/71 ). 11T allTpuvalive 11l Dilall UT Ulavil ywiull t:l uxbul AALd 1L lbUlbUph
equal to h, and with slope 8. The rejection line shall be drawn with vertical axis intercept h, and with

slope s. If the sequential test is to be truncated, a horizontal line shall be drawn at V(t) =sr, from the
acceptance line to the point (r,, sry). From this point, a vertical line is drawn to the rejection line (see
example 2D—4 and fig. 2D-2).

2D7.2 Plotting of Data. The life test data V(¢), as obtained by the procedures of paragraph 2D3.2 or
2D4.2, shall be plotted on the chart prepared in accordance with paragraph 2D7.1, by moving vertically
as long as the next failure is being awaited, and moving horizontally by one unit (in k) at the occurrence
of each failure. The life test continues until the plotted data touches one of the lines aiready drawn on
the chart. If the plotted data touches the acceptance line or the horizontal line V(t) =sr, at a pomt to
the left of (ry, sry), the lot meets the acceptability eriterion. If the plotted date touches the

.
the left of the lot meets the acceptability criterion. the plotted data touches the reje

line or the vert;lcal line below the point (ry, sry), ‘the lot does not meet the acceptability crlt,,,,n,
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The e pected number of failures required for a decisio
1
1

[T Y Sy 4 ALA ) S [4 ) "R T TP N I P 1) R G | [N NNV Y U4 P S Lo oal o
i Il 111 I uiie 10U, 11l nasver vao g1Ves LIle expecied nuinopers ol ijalures r Uulr wnen tne mean
life ig eanual to 0 ﬁ ¢ (the mean life whose numerical value ig eaanal to the glona of nar 212 2 4} and
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o; and are denoted by Ey(r), Es(r), E,(r), and Ey(r), respectively. These values apply whet.her the
testmg is with or without replacement and assume that the decisions are made continuously in time
If V(¢t) is computed periodically, the expected values may be exceeded
2D9 EXPECTED WAITING TIME REQUIRED FOR DECISION
The expected waiting time required for a decision as to lot acceptability is depsndent on the mean
£ MU VAPTULTU Walllllg UHIT ITYUIITU 1Vl @ UTULISIVILI ad W 1ULV aLUTPLaULLILY 1S Ubpoliuciiv Uil ulie 11icall

life of the lot and the number of units of product placed on test. When testing without
the expected waiting times, when §=0, 6,, s, and 8,, are given approximately by~

[ ]

eplacement,

E,t)=0
Eo(t) 6, log{n/in— En(r)] }
E,(t) =s log{n/ln—E,(r)] {
Eso(t) 6, log{n/[n+ Es(r)]
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When testing with replacement, the expecied waiiing times are given by—

- En(t)=6,En(r)/n
E,(t)=s E,(r)/n
E(t) =00Es(r)/n
These values are based on the assumption that the decisions are made continuously in time so that if
V(t) is computed only periodicslly, the expected values may be exceeded

Ezample ¢D-1

Selection of Sequential Life Test Plan

E:mmple Find a sequential replacement procedure which will accept a lot with acceptable mean life
6,=1,500 hours, 95 percent of the time and will reject a lot with unaccepmme mean life §,=300 hours,

on 4+ £ al _ ai__ _ 2 n
YU percenu 0l uvne uine. 111 LIS Case 0= 1,00V, V]—OUU. a—U U-), uuu P—U 1U
Solution: Since 6,/8,=300/1,500=0.200, table 2A—-1 gives sequential life test plan B—4 as the proper
pian to be used. From table 2D-1, the following quantities are obtained: ho==80{he/6o) =1,500{.5805)=
870.75 hours, A;=8,(h./0,)=1,500(.7453)=1,117.95 hours, &==8,(8/8,)=1,500(.4086)=812.9 hours/
failure, and minimum n=r,=12. Substituting in the formula of paragraphs 2D4.2 and 2D4.3, the
life test is continued as long as the inequality—
—1,117.954+612.9 k>nt>870.754-612.9 k
holds and is stopped as soon as the inequality does not hold. If 20 units of product are placed on test,
the inequality may be written—
—55.80+30.64 k>t >43.541+30.64 k
~ If, at the time of stopping, ¢ is less than the left-hand member of the inequality, the lot is considered to

have failed to meet the acceptability criterion; if, at the time of stopping, ¢ is greater than the right-hand
member of the inequality, the lot is considered to have met the acceptability criterion.

Ezample £D-2
Ezpecied Number of Failures and Watiing Time
Ezample: Determine the expected number of failures and the expected waiting time required for &

decision in the sequential life test plan of example 2D-1 if n=20 and the mean life of the lot is 0, 6,, s,
and 8, hours.

Solution: From table 2D-1, for sequential plan B—4,

E,(r)=1.8 units of product
E,;(r)=3.0 units of product
Las (0 0 units of product

E, (r)-2 6 units of product
E4o(r)=0.9 units of product

E,(t)=0 hours
Ey, (1) =310(3.0)/20=46.5 hours
E (t)—(612 9)(2.6)/20=79.7 hours




Ezampie $D-5
Sequential Life Test Plan

Ezample: In the problem of example 2D-1, suppose that a sample of size 20 is placed on test. Units of
product that fail are replaced immediately by new units of product drawn from the same lot. The life
test is started at time ¢=0 and the first five failures occur at z, =25 hours, z; ;,=>55 hours, ; 5, =70
hours, z, 20=100 hours, and zs ;=160 hours, all times being measured from ¢=0.

(n\ Vearifv that no r‘nnlqu\n hae been reached }'\v time ». .
verily iaav ne Qecision nas deen reaciied vine 5 z0.

(b) Verify that if the sixth failure has not occurred at 196.74 hours, measured
may be terminated at that time with acceptance of the lot.

om ¢t=0, the life test

Solution: The acceptance procedure, as described in section 2D7, is drawn in figure 2D-1. The plotted
data is still within the two decision lines at time z; ;=160 or V(t)=20(160)=3,200, but crosses the
acceptance line when k=5 at time t=43.54430.64(5) =196.74 since t=V(f)/n. Since the sixth failure
has not yet occurred, the life test may be terminated at t=196.74 hours with the acceptance of the lot.

Remark: 1f the sixth failure had occurred at t=225 hours, the time saved by making decisions con-
tinuously in time is 225—196.74=28.26 hours. Thus, if V(f) is computed only after occurrence of a
failure, the life test would have been prolonged 28.26 hours needlessly.
Ezample $D-4
Truncated Sequential Life Test Plan

Framnle: In tha nrabhlam af avamnla 21 eiinnnaa that tha aannantial 1ifa taat nlan ig tminea tad o d o
LsAWHL P, 111 VT PIUUITIIL Ul CAQILPIU 43771, SUPPUST LilGu LT STy uTiivial 11T VoS piaill 153 uuncaited aiia a
sample of size 20 is placed on test at time {=0. The first 12 failures occur at: 25, 55, 70, 100, 160, 190,

200, 225, 235 290, 320, and 335 hours. Verify that h lot does not meet the acceptability criterion.

Solution: The acceptance procedure, as described in section 2D7, is drawn in figure 2D-2. The plotted
data crosses the vertical line below the point (ro, sry) or (12, 7354.8) so the lot does not meet the accepta-
bility criterion.

Remark: While the acceptance of the lot in example 2D-3 is made detween failure times z; 5 and z, 5,
rejection of the lot in example 2D—4 is made at the failure time z,; . This illustrates the point that
acceptance of a lot can always be made between failure times, whereas rejection of a lot can only be
made at a failure time.
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Master Table for Sequential Life Tesis
a=0.01

Code o ) M/6o 3/60 FEo(r) Ey(n Eu(r) Ee,(n)
A-1 3 . 0092 —0. 0181 0. 0222 0.8 0.8 0.3 0.0
A-2 6 0906 —. 1777 . 1292 1. 4 1.7 1.0 .1
A-3 3 2048 —. 4019 . 2234 i.8 2.4 i.8 .3
A-4 12 3215 —. 6311 . 2939 2.1 3.1 2.3 .4
A-5 15 . 4367 —. 8571 . 3491 2.5 3.8 3.1 .7
A-6 18 5483 —1. 0762 . 3934 2.7 46 3.8 .9
A-7 21 6504 —1.2768 . 4283 3.0 5.2 45 i.1
A-8 24 7520 —1. 4760 . 4587 3.2 59 5.3 1.3
A-9 27 8479 —1. 6643 . 4843 3.4 6.6 6.0 1.6
A-10 30 9409 —1. 8469 . 5067 3.6 7.3 6.8 1.9
A-11 45 1. 3522 —2. 6541 . 5848 4.5 10. 5 10.5 3.2
A-12 60 1. 7154 —3. 3670 . 6350 5.3 13. 8 143 46
A-13 75 2. 0330 —3. 9904 . 6696 6.0 17.0 18. 1 6.0
A-14 90 2. 3295 —4. 5724 . 6962 6.6 20. 2 22.0 7.4
A-15 120 2. 8477 —5. 5894 . 7336 7.6 26. 4 29. 8 10. 4
A-16 150 3. 3127 —6. 5022 . 7600 8.6 32.7 37.3 13. 4
A-17 225 4. 3142 —8. 4679 . 8020 10.6 48. 3 56. 8 21.1
A-18 360 5. 1508 —10. 1100 . 8272 12. 2 83.5 78. 1 28 9

For explanation of the code, see par. 2A3.2 and table 2A-1,

Table £D-1(b)
Master Table for Sequential Life Tes
a=90. 05

Code o ho/6y LYY 2[00 Fa(r) Eo(n) E.(r) Esy(r)
B-1 3 0. 0506 —0. 0650 0. 0859 0.8 0.8 0 4 0.0
B-2 [ 2254 —. 2894 . 2400 i.2 i.6 i.i .3
B-3 9 4098 —. 5261 . 3405 1.5 2.3 1.9 .6
B-4 12 . 5805 —. 7453 . 4086 1.8 3.0 2.6 .9
B-5 15 7345 —. 9430 . 4576 2.1 3.7 3.3 1.2
B-6 18 8842 —1. 1352 . 4972 2.3 43 41 1.8
B-7 21 1. 0209 —1. 3107 . 5282 2.5 50 48 1.9
B-8 24 1. 1495 —1. 4757 . 5538 2.7 56 55 2.3
B-9 27 1. 2719 —1. 6329 . 5756 2.8 6.3 6.3 2.7
B-10 30 1. 39016 —1, 7866 . 5948 3.0 89 7.0 30
B-11 45 1. 9101 —2. 4523 . 6607 3.7 10.0 10. 7 50
B-12 60 2. 3620 —3. 0325 . 7024 4.3 13. 1 14 5 7.0
B-i3 75 2. 7518 —3. 5327 . 73067 4.8 i8. 1 i8. 2 9.1
B-14 90 3. 1217 —4. 0079 . 7530 58 19. 2 221 11. 2
B-15 120 3. 7522 —4 8173 . 7833 6 2 25.0 20.5 16.3
B-16 150 4 3314 —5. 5610 . 8053 6.9 31.0 37.1 19. 7
B-17 225 5. 5388 —7. 1108 . 8381 85 45. 6 55. 9 30.5
B-18 300 6. 5773 —8 4444 . 8600 9.8 60. 4 75. 1 41. 6

For explanation of the code, see par. 2A3.2 and table 2A-1.
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Table 2D-1(c)

Master Table for Sequential Life Tests

a=0.10

Code re Ro/80 bi/os 4/80 Fo(r) Ey (0 Fu(r) Eay(r)
C-1 3 0. 1059 —0. 1059 0. 1485 0.7 0.8 0.5 0.0
C-2 6 3488 —. 3488 . 3156 1.1 1.6 1.2 .4
CcC-3 9 5736 —. 5736 4111 1.4 2.2 1.9 .8
C-4 12 7760 —. 7760 4744 i.6 2.9 2.7 1.2
C-5 15 9597 —. 9597 . 5201 1.8 3.6 34 1.8
C-6 18 1. 1319 —1.1319 5558 2.0 4. 2 4.1 2.0
C-7 21 1. 2904 —1. 2904 5839 2.2 4.8 4.9 2.5
C-8 24 i. 4406 —1. 4406 . 6073 2.4 5.5 56 2.9
CcC-9 27 1. 5781 — 1. 5781 6265 2.5 6. 1 6.3 3.4
C-10 30 1. 7124 —1.7124 6434 2.7 6.7 7.1 3.8
C-11 45 2. 3053 —2. 3053 7024 3.3 97 10. 8 6.2
C-12 60 2. 8078 —2. 8078 7387 3.8 12. ¢ 14 4 8 6
C-13 75 3. 2549 —3. 2549 . 7642 43 15. 6 18. 1 1.0
C-14 90 3. 6465 —3. 6465 7827 4.7 18 4 21.7 13. 4
C-15 120 4, 3813 — 4. 3813 8105 54 24.3 29. 2 18.5
C-16 150 5. 0068 —5. 0068 8291 6. 0 29.9 36.5 23. 4
C-17 225 6. 3523 —6. 3523 8588 7.4 43. 9 54. 7 36.0
C-18 300 7. 5250 —7. 5250 8774 8 6 48 2 73. 6 49. 1

For explanation of the code, see par. 2A3.2 and table 2A-1.

Table 2D-1(d)
Master' Table for Sequential Life Tests
a=0.25

Code e [N A1/8o Fo(r) E, (r) Ed.(r) Ey(n
D-1 3 0. 2878 —0. 1830 0. 2071 0.6 0.8 0.6 0.2
D-2 6 . 6609 4202 4587 .9 1.5 1.3 .7
D-3 9 . 9701 —. 6167 . 5412 1.1 2.1 2.0 1.2
D-4 iz i. 2349 —. 7851 . 5930 i.3 2.7 2.8 i.8
D-5 15 1. 4651 ~—. 9314 . 6290 1.5 3.3 34 23
D-6 18 1. 6822 —1. 0694 . 6574 1.6 39 4.2 2.9
D-7 21 1. 8824 —1. 1967 6799 1.8 4.5 4.9 3.6
D-8 24 2. 0638 —1. 3120 6978 1.9 51 56 40
D-9 27 2. 2359 —1. 4215 7129 2.0 5 6 6.3 4.6
D-10 30 2. 4037 —1. 5281 . 7263 2.1 6.2 7.0 5 2
D-11 45 3. 1252 —1. 9868 L7718 2.6 9.0 10. 4 81
D-12 60 3. 7420 —2 3789 . 8000 3.0 11. 8 13. 9 il 1
D-13 75 4. 2817 —2. 7220 . 8195 3.3 14. 5 17. 4 14. 0
D-14 90 4. 7693 —3:0320 . 8341 3.6 17. 2 20. 8 17.0
D-15 120 5. 6463 —3. 5895 . 8552 42 22. 6 27.7 23.0
D-18 150 6, 4157 —4. 0786 . 8698 47 27. 9 34. 6 20.1
D-17 225 8 0596 —5. 1237 . 8926 5.7 41. 1 51. 8 44. 3
D-18 300 9. 4334 —5. 9971 . 9063 6. 6 54. 1 68. 9 59. 5

For explanation of the code, see par. 2A3.2 and table 2A-1.
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APPENDIX 2D-1

In figure 2D-3, a comparison is shown in the expected number of failures required for a decision
between a life test terminated at preassigned time when sampling with replacement plan of section 2C
and that for a sequential plan of section 2D. Both plans have OC curves passing through the points
(8,=1500, 1 —a=0.95) and (8,=300, 8=0.10).

In figure 2D—4, a comparison is shown in the expected waiting times required for a decision between
a life test terminated at preassigned time when sampling with replacement plan and a sequential replace-

ment pian. Both plans have sample size n=20 and have OC curves passing through the points (§,=1500,

1 ~n—NAKY and /0 —200 A_0 10N
4 u—u-vu} aliu \Ul—'UUU' H—U.IU/

The ahove comparisons are typical of the savings in time and number of failures required for a
decision.

2.66
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