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A Statistical Design of Bayesian Two-Stage Reliability
Demonstration Test for Product Qualification
in Development Process

Sun-Keun Seo
Department of Industrial & Management Systems Engineering, Dong-A University

In order to demonstrate a target reliability with a specified confidence level, a new two-stage Bayesian Reliability
Demonstration Test (RDT) plans that is known to be more effective than a corresponding single-stage one is proposed
and developed by Bayesian framework with beta prior distribution for Weibull life time distribution. A numerical
example is provided to illustrate the proposed RDT plans and compared with other non-Bayesian and Bayesian plans.
Comparative results show that the proposed Bayesian two-stage plans have some merits in terms of required and
expected testing time and probability of acceptance.

Keywords: Bayesian Approach, Reliability Demonstration Test, Two-Stage Test, Weibull Distribution, Zero or
One Failure Test
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Figure 1. Outline of two-stage tests

3. Ho] A A 25 A3 AIZ 9] FA1H
31 AR AR

AA

ox

=
-
N
re
ml
r
i)
rlo
i
_)#

2
i
ox
|o
b
R
=
)
ful
¢
X
e,

>

HE b
b

i lo fo
o

=4 =
%0,
o
4

= oXx
o

i,
fuj

o
o ox
>

Jﬂi‘iﬂ
!
=
<,
g
= 7
8 lg
l:Ilo].n_]:>
T
z 2
i
[ONSN
o %
;Enﬂ
55
=
l-gm{m
=
N
Jo &

it
=)
b
ot
-
e

fX(l')

REAHE
At E% /\H_LE% o|¢ A4
7b Bt U}EX]‘?} TYS B HEE YT F e
= 3 Y (conjugate) AHAEZ e} FETH
é, ]q}m‘}i%} u = W ERE 3 (Fitzgerald ef al., 1999; Coolen and
Coolen-Schrijner, 2006)%, A E47F HetolH 74
UHE X (Martz and Waller, 1979), 23-E¢Y 749+ 97 Kinverted
gamma) & X (Fitzgerald et al., 1999; Ke, 2000; Kwon, 2014)7}
ZY AHELZ A T Y},

£xy



150 Sun-Keun Seo

g 258 (,AH Y AIEE Yeh = EHF rE A
A NHEE £, () EZYE R
Beta(a, b))E WEthal 7P s},

A7, Bla,v) = T ) - S e

443lH v A B A (noninformative) /\}@E 2
OU:L ojd AfoE 71 & HIAPS AT
k=1% W n BTt 3t} S0
%W(Wasserman, 2003).
A7) A HEHEEY 71950 af (a+b) ) HE 2L
HENAZ7E HER o> b8 73%7}%ﬂ1%01 T Atk
Z, o7t bET AN A0 E AL ﬂﬂE"ﬂ gk 3o
% A7 Atk o9 bE AA OHZ -2 Kececioglu(1994),
Kleyer et al.(1997), A B B9 B84 o} FAA & BA 3}
+= Krolo and Bertsche(2003)2} Yates and Mosleh(2006) 5= %
z5td "o
HA 1SA NN A AVE B ={d, =0} & FH o] &

N

rlo

=
=

1,0, a=1(1_, \b—1 B(a+n 5 b)
Pr(El):/ T (1-r) = ”
0

a,+n“71(1 _w)b,]

W,Ogrgl (7

1 Tll+7l(]k£?71(1_x)l)71 3
/15;, B(a+n0kg7b)dr = ®)

<Figure 2> a=2,0=1¢ W 2 §)ZFH T3 R0/
CL90 W oA 1A F13 AFSAFAG Y] 59} n,oll B2
k7t EAE O QEE, g EE p 7t ARSEE gk 2aHT
itk

10

ny =

Figure 2. Bayesian zero-failure test plans : R90/CL90

3718k 2ol AFREE FIA AP EH 4 BIA
@< Adstd 4 wekE 27t Aok sk R 28 A RDTO) /‘1
NEATEO] kty(kA1)Y W] Fugold AFEEE WEHR
7h B A g, no] WA ke A BAHEE I—R[)k 7}
so] WetE 27} HA] = Aol Folsof drt. uhehA wo]
A 297 RDT O A <Figure 1>9] k= 1’2 A A3}
ojof mel 2vkA AZNA 2BAE AFo] LqE AMFE
Ey={d =1} 2 FH | LY F&&

_ 1norn“ﬂ(1—7")7"“71(1—7")1’71
Pr(5) */0 B, b) dr ©

nyBla+n,—1,b+1)
Bla, b)

7} HER, AZRZE Beta(a+n,—1,b+1)7F Hof FE2

E§47) TheT o] A,
atng—2 b
_ngr (1=7) Bla,b)
Sl B) = Bla, b) nyBla+n,—1,b+1) (10)
at+ng—2
_ r 0 (l_r)b
T Blatn—1bo+1) 051

w3 %A 9l

A t,7HA AES AN E
R(kt, | t,)E 4 (1

1)} o] HEZ,

ool thek o] AE=

R(kty) o,

Rlkty | 1) = =1,

0<r<1, k>1 (11
2R 2 N B&Y() A5}

20 ANH GRS A3
(B = (d,=0))9) 205 S5 2Q8E

g3zl A,



A Statistical Design of Bayesian Two-Stage Reliability Demonstration Test for Product Qualification in Development Process 151

. r(}g”—n(n”71)ra+n”f2(1 —T)b
Pr(E | B) = /0 Bla+n,—1,b+1) a .
_ Bla+(ng—1)kb+1)
Bla+n,—1,b+1)
nyBla+(ny—1)kb+1)
iz = 20O @

upebA o] 79 AR = T3t 2] Beta(a + (ny — 1)K,

b+1) 7} Heh
a+(n, 71)k”71
0 (1_,’,)1)
| E,NE,) = : ,0<r<1 14
f(r 2 3) B(a+(7L[)—1)W,b+1) " (14
B =EollA AtE RDTE ¢AHHCZ 73T o ded
7t A% AFEEE AUEES 4459 TS RDT AP
42 Hesn B30, 54 AP ATl BE A
NEEG Y s Aot
32 A% 98

HlW o] A A RDT A1 9] AA 71&2 4] (1) & 4 3)3 o
A= o)A A A2 H 9§ (average risk) T AFE
&l (posterior risk) 5= € 4 A=, AV} B 43 A
FZ 5 1 9lth(Hamada et al., 2008). A 22 o] A3} 2 B E]
| @Al o] A8k AFE A8 2L 9] (posterior consumer’s
rlsk)% 2HAE FESH] 7 4 T

HA 19A Y A AZEE Pr(D) S A (NEFH

4>

O {1 o oo
\-m ool ok

>~

a+ny—1 o \b—1
Pr(D,) :/;f(r | El)dr—f;%dr(ls)

7FE 9, 28 A 9 AR A S EELS Pr(D,N DY) £ 4 (14)2H
B th5-3} o] Foi7ith.

Pr(D,N Df) / fr | BN Ey)dr (16)
By

:/1 +(77U 1)k 1(1—7’)b .
r Bla+(n,— 1)K b+1)
oA 28 A ASAEY AT AFEES FIE Pr(D)

+Pr(D,N D)7t HEE AFE 48R 98 Pr(Df)1+Pr
(DyNDy) 7F A

3.3 wjo] A<l 25HA] A3 A|F

22 ASAE A8 ny, Ry, a7t AR
Sho7h A H ™

2234 a

Pr(Dl)JrPr(DzﬂDf’): 11—« (17)
o HE k(> 1)E FHE BAZ 443 T 5 Yk oA
o] NFA gL T 2ol HET  9loH, /‘}—r AHA $
PEE a0l3tE A3t Alo] A

Pr(D))+Pr(DsND) =a

webd o) BAE 84 Pr(D) = [ 10| B)arg 7
Ry

Fol

S ek kE Tote WA Y AR AV HER
A o2 o] 5 78 A

o] Atz WolAd Fug AFAA K, >10] HE n,
B, a, b, Ry, 1—a9] ii,wl YREof| thsf kS T3l <Table
1> sttt o] & EH AP E 29 71U (a/ (a+b)) T
= 3Es7t AR E}E} ke Zaste, £ AN 29 A E

T WE kO FFE S7HE Aol A4 ddst dA

o
5

3284 AFAZY 71t AR RO
o]-g3td [1 - (kPr(EZ))+/cPr(E2
Aoz WE A= 78+ Aok

RyE W 4
)ty 7t S ¥, RO]

Jot S
ﬂhlm m{m

4. 8%
ol FHET p=20% gol&E BXETREE A4 7]
F9 60,000AF01 () A o AE =7} 242 0.903 0.97 ©]
HEE AEFE 0% 5/ AR D E 294 AFA
A A8t 2} geh(ZF, R90/CLI0F R9T/CLIO Al & Al &),
ZEEE Beta(2, 1) 1143} <Table I>E5F @& Al
<Table 2>l ] =of Itk RIO/CLIVY -5 o] Al
A AN @AEL 60,0004 0] & A3t FaAolw
olA mAo|™ &34 17) 1AolH 0.58 - 60,000
=34,800% F7F 02 A g5t o o4 17o] gloH ¢4
N7 287 o EFAAZIT
T <Table 2>l = 7N A AL 7 vlastr] 98] vl
oA HTHORE 73 T, 1- 1% 54, 284 ANEAE
H o)A FuF NIALE 2FHA gt A7IA F F
o wo]A A N@A Gl = 7H 4 AR A2 A 52 dLdEE
(Beta(1, 1)¥ A= F7t5 0] gl o] & B wo] A Al g
Aol &= & HlwolAA NFAYRT A AT o] G5
e, Wo] A 29 A A @AY 7I) AF ALl F1% A

FAYEG Age FAT 5 A

@ o> Jz
K3

o

>

b
FAgo]
29HA

il
A, 270
34,

ot Qb melt



152

Table 1. Bayesian two-stage RDT plans

ny | a | b | B |R90/CLI0|RI0/CL70|RI7/CLI0O |RI7/CLT0
1 18.76 1.28 99.66 66.47
1.5 7.06 5.35 21.50 16.41
1|1]2 4.33 3.52 9.98 8.15
3 2.66 231 4.64 4.05
5 1.80 1.65 2.51 2.31
1 15.21 9.40 92.69 62.12
1.5 6.14 4.45 20.48 15.68
2 02|12 3.90 3.07 9.63 7.88
3 2.48 2.11 4.53 3.96
5 1.72 1.57 2.47 2.28
1 9.45 4.16 80.92 54.14
1.5 4.47 2.59 18.71 14.31
4 1112 3.07 2.04 9.00 7.36
3 2.11 1.61 4.33 3.78
5 1.57 1.33 2.41 222
1 8.10 5.20 46.84 31.56
1.5 4.63 3.00 12.99 9.99
1|1]2 2.85 2.28 6.84 5.62
3 2.01 1.73 3.26 3.16
5 1.52 1.39 2.16 1.99
1 6.58 3.84 43.75 29.51
1.5 3.51 2.45 12.42 9.55
3212 2.56 1.96 6.61 5.43
3 1.87 1.57 3.52 3.09
5 1.46 1.31 2.13 1.97
1 4.00 1.39 38.41 25.72
1.5 2.52 1.24 11.39 8.71
4 1112 2.00 1.18 6.20 5.07
3 1.59 1.11 3.37 2.95
5 1.32 1.07 2.07 1.91
1 3.11 1.79 20.98 14.28
1.5 2.13 1.47 7.61 5.89
1112 1.76 1.34 4.58 3.78
3 1.46 1.21 2.76 2.43
5 5 1.25 1.12 1.84 1.70
1 2.50 1.19 19.71 13.36
1.5 1.84 1.12 7.30 5.63
21112 1.58 1.09 4.44 3.66
3 1.36 1.07 2.70 2.37
5 1.20 1.04 1.82 1.68

Table 2. R90/CL90 and R97/CL90 RDT plans : multiples of

60,000 cycles

o

non-Baysian Bayesian

target 7e10 zero-failure | two-stage
L | zero-

reliability failure| OF On€|two-stage| Beta | Beta | Beta | Beta
failure (LH]EH 3D ]ED
2.24/3.18 1/1.76 |1/1.58
0.90 | 2.09 | 2.88 2.47") 2.04 | 1.99 (1.12)| (1.16)
4.17/5.91 1/4.58|1/4.44
0.97 | 3.89 | 537 (4.60) 3.86 | 3.84 (1.01) | (1.02)

1) Expected test times of two-stage test plans at target reliability.
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two-stage
0.6 1
rd
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0.2 1
09 092 0.94 0.96 098 1 7

Figure 3. Acceptance probabilities of Bayesian test plans : R90/CL90
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