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Abstract

This thesis compares life test acceptance sampling plans under lifetime has an exponential distribution.

Various practical considerations may lead a user adopt a two-stage, or double sampling, test procedure.
Hewett and Spurrier(1983) provided a survey of two-stage methods, as well as examples of experiments
for which a two-stage procedure would be appropriate.

The plans are compared in terms of the expected number of failures, and the expected time required
to reach a dicision. Computational experiments are conducted and the results are tabulated to provide

guidelines for selecting an appropriate plan for a given situation
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1. Introductiom

For 4 number of types of manufactured products. components and materials lifetime may be one of th:
quality caracteristics specified by the designer. An acceptance sampling plans for life times should servi:
the dual purpose of,

1) weeding out lots which are unsatisfactory quality. thereby improving the overall quality.

2) exerting pressure on the producer to keep the manufacturing process in control.

Factors such as the high cost of evaluating a sampled item and physical limitations on the number f
items that may be tested at any one time could motivate the use of a two-stage life testing. Such twe-
stage life testing gives "second chance” to be accepted.

When the purpose of the Life test is for reliability acceptance sarnpling . we compare the two censorinyg
methods in terms of power. expected number of failures, and expected completion time. We found that
the two censoring methods are similar in term of power. If the true mean lifetime is close to the value
specified by Hi, then type I censoring is preferred to type Il censoring in term of the expected number
of failures and expected completion time. If the true mean lifetime is close to the value specified by H..
the reverse is true.

Epstein{1954) proposed i lest combining both types of censoring, sometimes called hybrid censoring.
Although thers is an expected time savings in using type II censoring, the procedure is open-ended wit~
respected to the time duration of the test. In adding type 1 censoring, the user gains the practical advantag:
of being‘ahle to preassign a stap time for the test. MIL-STD-781C(1977) used hybrid censoring in reliabilit

acceptance tests.

Notations

In this paper the following notations are used.

6 . Mean lifetime, or MTBF of an exponential distribution.
6o . Specified mean lifetime under Hs.
& . Specified mean lifetime under H,.
6, . Indifference leve!
o . Size of the lest, or alternatively. producer’s risk.
B . Consumer’s risk.
di . discrimination ratio{=6,6. =0, 1, 2)
Total number of items placed on test.
ki © Acceptable constunt or critical value, i=0, 1, 2. 3.
r . Number of failures.
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T; * Truncation t:me under type i censoring

¥'(v, a) . The ath quantile of a chi-square distribution with v degrees of freedom.
(k) : Gamma function with k.

0C(dy) Acceptance prob. of items under d;

ELK | dJ: Expected rumber of failures under d;

E[T{dJ: Expected test time under d

P . Acceptable probability of lots at ith stage.

P © Probability of the test continue to the 2nd stage.
P, * Rejectable probability of lots at ith stage.

Assumptions

1) The lifetime distribution of a test unit follows an exponential dist.
2) The lifetimes of test units are statistically independent.
3) The items in lots are produced by a stable manufacturing process.

4) Failed items are not replaced by new items.

Overview of Related Literatures

The literature in reliability theory contains many testing and estimation prorcedures involving type I (iine)

censoring or type 1l (failure) censoring. These procedures often include an assumption that the lifetine

in question has an exponential distribution. Mann, Schafer and Singpurwalla(1974), Bain(1978). Fairbui ks

(1988) and others have reviewed the theory and methods of these procedures. Also Military Standird

781C(1977) used hybrid censoring in reliability acceptance tests. Especially Heweet(1973, 1983) proviced

a survey of two-stage methods under type 11 censoring and Fairbanks(1988) compared sampling plan tnder

two-stage hybrid censoring to in case of one-stage.

Table 1. Classification of Life Test Sampling Plans

Authors Type of Tvpe of Sampling Decision Remarks
sampling censoring plan criterion
Epstein | one~ stage type-11 (r, n) or, wC 2r0r, n~x*(2r) )
(’53) r 5 number of] Accept. Ho
failures Ho i 9=6, H, : 8=0, C=8, x*(2r)/2r
Epstein one ~ stage hybrid  |Min. (Xr, T)| Xr, 2>T Accept. H
(’60) E[R., ELT]
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Bulgren/ two—stage | type-1l D (re 1ot | f Xr<t;, Accept. r; =0.4r,
Hewett 1 e ta) Ho, if t,{Xr{t,, .= 0.8r,
(73} ‘ continue. if Xr,+r;

% < t3, accept. Hq

Angus et. | one—stage | type-I t. T wt < T t=FFP.
(’85) Accept Hg T test time
KT [Hi A=k, H:A=kh| Wt; waiting time at t
j Ak
2Ohta/Arizono one—stag;e;_; type- | 1(g: g lig:g)< I{g:g):
('86) : (g w), Kullback Leibler |
k accept the lot. Information Informat- 1
Fairbanks two — stage hybrid {ri, r» Ty, X, n=T accept r
881 | ; Too T rt | Hy Xreo olT |
| number of fail—1 reject H,

ures T . test T, <Xr, n{T,

time i continues

e

2. Two-Stage Life Test Procedures
1. type 1 censoring

Two-stage life test sampling plan under I censoring on MIL-STD-781C for fixed-length life test sampling
plans, 1. e., to match three points of OC curve. MIL-STD-781C for fixed-length life tests are available
only when the batch of items has life length that are assumed to have an exponential distribution.

The proposed double life tast under type I censoring provides an opportunity for an early decision
while maintaining the desired significance level. The tesl time is multiples of MTBF(6,).

The objective is to test Hy . 6=0, versus H; ! 076:(0,28,),

f(x 3 0)={1/0) exp'-x/¥}, x=0
=, x40,

1st stage ' terminate testing at T.,

ri=<k, | test would accept Ho, 12k 5 test would reject ho,

ki{ri< k. ¢ test continues to the 2nd stage.
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2nd stage . terminate testing at T.(TT.),

n+tr<kss test would accept Hy., ritrks  test would reject Hi.

So an acceptance criterian is the value which guarantees the specified mean time between failure(MTBF}

with the producer’s and/or consumer’s risk to minimized the expected number of failures at 6.

Min- (E[R.(; | 90]': P [.R() I d(]]}
Tl! Tzs k], kz, k';
={=Pild)} Ti+Pilde) T: (2-1)

subject to
OC(de)=1-a
0C(di)=8
0C(d2) =05

With the lot on test, the user preassingns times Ti, T: and determines fixed number of failures k..
k: and ks. Since k; is integer valued. ki{k,<ks;, 0CT{T,, it has been possible to locate approximate soluiions

of three nonlinear equations using an interactive computer grid search method.

O Prld)

Ky

= % l“ {exp(“diTx)(lel)“}

x=0 X!
Ty (d)*'! - x* - exp(—dix)
=1- , dx
0 Ik+1)

2dT
=1 JO ! f(z2)dz

@ Py (d)

k 1
=> - {exp( —d,T)) (dT )}

x=k2+1 X !

T, (dD)* - x* - exp(—dx)
dx
0 I'(k,+ 1}

2dT . ‘
J' T ia C1op@-R@)

@ Plr(di>
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Ry 1 ;
}Z o lexpt - dT HdT 1}
Tyoid)h eyt (- d) .
‘ 2 2R = dx—P...d;!
f}\ + 1)
( "f(Ddr P td)
J 1 ’“Zd,Tv .
= AT f(z)dzr ~ ?1) flz)dz
4 P.id)
e L .
“fexpl o d T “THAT

[ ———— d P

- il =Ty (ddr X expl - dix)
Jo [k r < 1)

5P, a0 - Patd)

Assuming that the uscr specifies @ and B for some chosen 8:{0,. I have chosen to match the OC curves

at probability OC(de) = 1 a. OC(d) =B and OC(d.)=05. These valuse should be widely spaced and th«

value .. corresponding t¢ ihese probabilities on MIL-STD-781C's OC curve. are easily found. Hence.

OC(d) =P, (d) +P.(d) - 2.0d).

()C'UL P]c(du )+ P 1 (1 e ') rdﬁ)

2T, T , :
X {1— J“ Y iz dzb=1-a 2-2)

2d, T, | 2d,T, 2d,T .
oCid)={1—- J‘Om Cilz) dol _[0 () dz Jl) ' f(z) dai)

24,1, T
X1 J‘“ " ! (z,) dZ:;]:B (2—13)

2d.T 2d,T, . . 2d,T,
oC(dy) =1{1- J‘o(‘ Yfi2) dzdt ,[0 "f(z) dzy fﬂz f(zy) daz}
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X{1- f(z) dzsl=05 (2—4)

2d,(T,— T
0
where z,=¢*(2k;+2, 1—a), =% (212, B) and =2k~ 2r;+2, 0.5), kir<k.

since n is integer valued and 0(T\{Ts it is possible to locate

approximate solutions to this theory of three nonlinear equations using an interactive computer grid search.

Algorithm
Step 1) given a, B(from MIL-STD-781C)
1) Calculation Ko, T,

Determine k, which satisfied ¥*(2ky+2, o)./ x*(2k,+2, 1--B)=1/d,, therefore input ko to following

as »

2T, . .
0C(d) =1— IO * {(z) dz» where zo=y(2k,+2, 1—a) (2—-5)

2) Calculation d;
By using the equation (2—4), We find OC(dy) at d.=80"61,

¥(2kt+2, 05)=2 T, d;
d:=%*(2ke+2, 05),72T,

3) Calculation E[R, | d;/
P(r H dx):]./l" (exp\ '_Todg)(Todi)z}s r:L 2’ "ty kO
=1-% 171! \lexp(—Tud) (Tod)2} r=ko+1
Ko+l
E[R, | d]=E r-P()

4) Calculation ELT « 6, 6;]
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ELT-0,10]=6, E[T 6]
=, Bk, di}d;

Step 2) Calculation T, T given Ty

Since T, is determinec from MIL-STD-781C, T, and T, should determine according to the guideline:
of Zeigler and Tietjen({19681. They suggested choosing r, slightly less than or slightly greater than 0.5r,
where 1 is the number of faiures to be observed in the corresponding single-stage test and r. such tha

ro-re s slightly greater than rle.g., ri+r= 1.50).

To=026 To~0.75 T,

T, 7100 Ty—1.50 T
Step 3) Calculation ki ks and k. from OC(d)
Determine the smallest :nteger combination (ki k., k. satisfied following as 3
OCidyt = 1ra
Step 4} Using the grid search methods. determine(T,. Tu ki, koo ko) which minimize the expected num e
of failures. With known values for (1. T. k.. k.. ks). we can find an approximate solutior. o

three nonlinear equation. (220, (2--3), (2—4). The grid boundaries and the size of the gric

are reduced interactively until we achive convergence to a desired level of precision.

3. Numerical Experiment
As an example of implenenting the test procedure, we consider a production reliability acceptance ‘¢s
of a electric items. The consumer will assept a production lot with 1—a=0.90 if the true MTBF 0= 100
hours and will reject the ot with $=0.2 if 6 =50.
In this case, T:,=378, T,=800 and Ki=4, k.=9. k=11,
1st Stage © test de termmnied at T, =378 (3.78 % 100:=378).
ri<d 5 test would accept, 1 > 9 ¢ test would reject.

4,19 5 test continue to the 2nd stage.
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2nd Stage -

o+ or; <11 ¢ test would accept, ri +

(total time on test =
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test de terminted at T,=422.

11 & test would rejuct.

378 + 422 = 800 hours)

Table 2. The results of two-stage sampling plan

a (%) B (%) d d; T, T. ki, k2, ks o B
10 10 15 1.22 12.3, 36. 9 9, 24, 44 10. 5 748
10 20 1.5 1.29 6.96, 23.88 4, 15, 30 8.99 19. 6
20 20 1.5 1.26 451, 17.28 3, 12, 19 20. 1 19. 5
10 10 2.0 145 4,14, 10.38 3, 10, 14 9.61 10. O
10 20 2.0 1.56 3.78, 8.00 4, 9,11 9.14 19. 3
20 20 2.0 145 253, 4.76 2, 4, 6 20. 6 19. 3
10 10 3.0 1.83 198, 3.75 2, 4 6 9.93 945
10 20 30 2.04 112, 2.63 1, 3, 4 10. 0 19. 9
20 20 3.0 1.87 0.78, 2.09 0 1, 4 20,1 19. 5
{a’, B’ = true v.vlil(s
Table 3. Comparisons with MI-STD-781C
E[K|d ] o
@ (%) B (%) d, _
MIL-STD-781C Double Samp.
10 10 15 29.65597 27.79032 a
10 20 15 19.67174 15.30877
20 20 15 13.75000 10.92099
10 10 2.0 9.28206 7.79016
10 20 2.0 6.10446 514390
20 20 20 3.72528 3.31657
10 10 3.0 3.04039 2.52367
10 20 3.0 1.74995 1.53920
20 20 3.0 1.35297 1.25006

4. Conclusion

This paper compared the double life test sampling plans to match three points of OC curve.
MIL-STD-781C for fixed-length life tests are applicable only when the batch (lot) of items has life length
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that are assumed to have an exponential distribution. Since k, 1s integer valued ki < ks < ki 0 < T
< Ty it has been possible to locate approximate solutions of three nonliner equations using an interactive
computer grid search.

Apparently. a criterion for selecting failure sizes and an efficient ethod for solving the resulting nonlinenr
equations would be the main problems in such an extention. In the results of comparison with MIL-ST]!
781c¢ for fixed-length life tesrs to have almost identical OC curve, double life test plans yield smaller thin
the expected number of failures of corresponding MIL-STD-781C life test plans. In Search of the limited
applications of the exponent:al distribution, perhaps a more useful extention would be a two-stage te

for the more common Weibull distribution.
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