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A Study of Economical Sample Size for Reliability Test of
One-Shot Device with Bayesian Techniques
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This paper discusses the application of Bayesian techniques with test data on similar products for performing
the Economical Reliability Test of new one-shot device. Using the test data on similar products, reliability test
required lower sample size currently being spent in order to demonstrate a target reliability with a specified
confidence level. Furthermore, lower sample size reduces cost, time and various resources on reliability test. In
this paper, we use similarity as calculating weight of similar products and analyze similarity between new and

similar product for comparison of the essential function.

Keywords: One-Shot Device, Reliability Demonstration Test, Sample Size, Bayesian Techniques

LAE

A 3] 4] 2 H](One-shot device)= 1 7|52 St AMS- & 7
T Ao B7hs g AGHIZ A A S dEA S Y34
FH R e 159 7)eo] JAsHE 7k HH G A 2E Q]
TEo] itk A3 Aule DAY EE L FES 8
AEEZ Q7H = NFAo] U FF(A12 4=, Confidence
Level) o]0 2 BAgEolok gttt o]2fgt @ F A MES
o] &3 2124 9= A F(Reliability Demonstration Test)S &
3l ko 7L ElE M, AE A7) a7 e A 2 A
gl o 24 FThs).

SEAR, fr 2 e 22 21 7ke] A3/ ] S el 543
A AR o] A D FEjE QL o] o Wt Al F 7
HA A APl S&- == Fu D AP 402 Tl
H]-g-o] A stA Eoh T3} &8 7153 AP HE- 9] Ak
2l 8 FEE TS AFst]d FEg Aol —’F%QX

Fote A7 EAE 4 Qi o] 9 Zo] BE R AP S T
3@730 AREALO Al 1] A3 B A o] th gt A E)3E Al
SHA] ZRFOBM, A F-o] AR X A EAE o7 1E = SlTk
s, L AEE P AL FAS 8k Y34 Al g

o

o 2

OJ

ok

x

tlo o

< 43S HEi e 2o Fitete SRS 59
Alga]or 3t o] Hl-&/Y 5 o] SHelM A
offt}. ol &l & =AM 4l /Wl e
A FAPHI S AP o] SRS TE AR ol A5}
AER FAREHI O A|E H o]HE 283 o]
o] &3t Al d3A AH|e AA A A|Y G50
9] 8k} Martz and Waller(1982)0l| A= o] A| <t 7
X A FEGV SR RIS UE T
e AP R ALEEE A RS A

Zj|

5‘;

o [o i i

o

>~
ral

]_

fin
rulo

ot Qb e
() BN
ngj{;

3 (conjugate prior distribution) & AP EIEZ
’3}3}3’— AuetAt =3 237} o]
AR ER A gotn o9 2L A&
HAEES G HEEES dedes 7 st
. or

o >
o

o
= o

2
SuRv)
r-{m

Els uﬂo]xlo} 7]% & ol
g Ak 285 = AR
atlor 2709 APHP R E

A|oFFATE Ten and Xie(1998)
Al o) AR S o] &3 Al JFAIP O]‘W
E HlolHE A&stAom AT ET} WEREES Al

ok
O N
o,
N
N
1
A

_thkc;i'-h_O,Lrlo&erBrlrJ%\-n offt 2 N @ on B mx >
' -

+ WAIAAL younho.lee@lignex1.com
20149 62 19 A 20149 7€ 319 FRE A 20149 89

99 A

H4.



oJdE - oJAA -
d FEFAETHE IFEEY FHE s e 4
439t AFal - kA -82012) 004 = WOl X HEH S
SAZ e GRS TANARLE B8] Z7|5HE
T FHAHE T} HEko| FEEY S B3] o] & 3
Rl i A= ASA Al A&k
T B 22013)dlA e 4349 Aulel dig B A
3 A= FH S A WiE AR ZE S8 wlo] At
HIHS Agation, 4992013)X % GA] TdAbd
X HEEEE 283 wolAt HITHE B85k A
A QA AA A A R A AR D5l
B erolMe At 2344 Aol e A A1g e Al
TFAES A FAPGH AF v o]HE HE AP E X
L83 oAt 7IH& A &8k3l e of H el o
APgEIS] AR HlolHE 8817 HE ARHEE £ B
S AT B =Rl Ajtehs APHEE SRR
2

=

st FAI S J&Lﬁ}

A

o AAH APAG R E-8-S 8l 7 fAREuI o Al
7t

= A1 glolgdl 715 A & §-

£ R oo rlr e o U ot
o

P,L
s
>,
o
e
23]
N
ol
2,
)
oo
9#
8
_g >

2v “ o0 o
A3 gule] A AR A A e Y ET
7 2ol W 2o A|Fo i’ﬂ*ﬂﬂ‘ﬂ A 4 gl o)t olg
Z FA A o]} 22 7% o|FEIEE o] &3t A A
(n7h = r7} A3} E= AAE)ol el dFstarst she A E =

of thst AFFES ALK 4 AKDimitri, 1993; Defence
Standard, 2008; RIAC, 2000).

2(2)(1 R))'R} "= CL (1)
n AP
roo AT
CL : A FF
R, : T(EX) AT

) ot 2
M@40n41ﬂﬂ“

L olek & A

Fail(r) Sample size(n) Fail(r) Sample size(n)
0 22 4 78
1 39 5 91
2 53 6 104
3 66 7 116

ojgA - AAE - £714 163
Y S 2k WLl d Aol bigh Abd AR E E8-5HA]
R Aog 9 AEE 80%l el AEFE 90% o)At
2 P A T A9 A & E FgFro] BE A QT A
A FF a2 <E >3 EY

3. Wlo]A] ¢ AT

B =2odAe A FAPH A194A

B9 BAH A S ] Hel] Hol A B
G-g-ataral gk wo] A9t S R el Bk AR
FE7F JAY 71E vl olB Y 7t s A5 W f-&-stt
(Vicens et al., 1975). 53] & =&l Xe JA FARH] A1H
AAE A5 g APAEER &8st SEFFA A
T AR A TS Zete] LA AHle] Al B

REs 249
[e] PZS

MIO o

>

Hlo]= g lel| o) G3)4d gul Ao et AR E
= AP Al ATl th gk AR RS} Al A A2
Bl $=gse FO2ANE 5 Atk

Par) =~ gf;;) -2 (”R;(;)P %) 2)

A7, PUiR) & FEFFEA 84 FH1S 35 A 2
o} A5 T 7] B A9 2 PR EE A
&% 9l

P(rIR) = Blr;n, 1—R) = (1;)(1_3),-3717? ‘)

< 48 Azl tigk AP EREE S EFT} o

7‘3:— 7§-°r O] 3T 9] FHAALHE F(Conjugate pri-
2 49 vl E o, bE A= HEREEE o]

%??}ﬂ(l(leyner etal., 1997; Ten and Xie, 1998).

P(R) _ Raf1>< (17R)b71
o o
DRy oy AU
@toab>1

4200 o) £} 0] e 5 51k

0= ["Prrar = [ P6ir) - PR )



164 Ho|x| et 7S &

l

(n) ROl (1= )Y

r B(a, b) (6)
(n) Bla+n—r, b+r)
r Bla, b)

= (I_R)lﬂrrfl
Bla+n—r, b+r)

RaJrnfol

7)1 AAAREY a, b= FAPEE] A8 B o] 0]

Al 8] Al Aoty ] A AP EE 9

AR B A}‘ r;r;i_—g TE3 1/}‘?1, AFEe 7Y
g

<

bt

F—‘Q _‘o 3
ot ko X gob rlo

Y >

R A9 27 Aol (1L N4EL epdt)
S AR T2 7 HERERESQ] 75 21 (6)S The 2 2ol Uret
A THTen and Xie, 1998).

_ / Rll *1>< 1 R)b -1 iR (8)
Ry

b —1
=1—ZB(i;a*+b*—1,1

1=0

~R,)=CL

@, Blia +b —1,1— R;)
:(a +l; *1) - (1-R,) - Rz#lf—l—i,

a =a+n—r, b =b+r

4, A £F E3F
154 A3

R ATFREIE FARHIS S FUsA 4]
Wl A1) A1 BB Z100% 2831710 FA17H
Stk SHAR AT FA IS YRR EE A o)
& AAWGOIL A5 AT Fo2 FAEHIsh Wit

S 434 ABvle) BAE AR £ AT

AV HEEA] SR80 o] 9F 22 AM S 0] 8-3te] AE
G5 ro W AFREE 5 Zo] e & U
(Kleyner et al., 1997).

P(R)" =3 (p - P(R))+(1=p)
B R < (-r)""
where p= Zpi
A7|1A p, =AM (knowledge factor) 0.2 AP H] 4 9 215F
A AR HEE ek goln] 1k HA
(innovation factor) &2 AFAH]o| A A2 /e e i
‘4"5}"”5} 7] o] st &3 AMHEXE &4 (97 =g
)& &85t 71 FARHI Y AP RO b gk AR

0
£2 423 T} o] YER 4 9l

P(R\r)*
P(rlR) - P(R)*

/PrIR P(R

) -
p)B(T n, 1—R) +e
/ »)

(1—p)B(r; n, 1—H)+e

(10)
Blrin, 1— R)-I—e dR

E ( a b)
n+1 Pi a b)
a—1 b —1
R" (1-R)"
o= ”)—
¢ ;”'(T Ala; b,)
a; =a;+n—r, b =b+r, a;, b; > 1

i

2] (10)] A A = s}shol] thek @+ AFHFFS vt
Z3le A FF A2 A (8)S o]&3to] T 2ol
g2 4 ook

CL
= 1P(er) dR
y

7-,) (11)

n+1

c=0

+ Zpiéi(l

L p(l—EBc,n—l—l 1—- RL))
b*l
=Y B(¢;a; +b;
c=0

1—p
n+1+22:p'7§'7

-1, 1—RL)j




ojdE - o AAl -

&{ﬂﬁwwf
0\ Blay, b,
FAPEE] io) AR A4S Feeleka, b)E el i A
YAz WF Rt ADeg AT I WEHE

o) 5737 %<1 setvel a, i 9]
N BAT7E100% BF(b, :)ﬂ%%ﬂ%%E%%%§$
1 A=A AF AP A=eE BAAH A (8)S 286t
of O 24 WEste 49 FeEl o), b = 1S Joz 4t
=3tk

1—-R;

—1—EBra +b,—1,1—R;)

r=

- bi°ﬂ HAF 1 Y 12)
H1-1 .

:1_(%"'0 )(1—RL)OR +1-1-0

:1_R“f

" (a;, ;) =(a; 1)
a;: AV A9 AT R
whebA] AP HL O AR AT HEE B A ) = (a,
091 A5 i8] ALREE 9] e (o), b)) = (a, 1) 2
oe 4 Sl

4.2 FAHS ARt

A -2l A AR 7 A p, knowledge
factor) S B3] SAPEH O] A ATE L3 5 9 54L

stk shARE oS °]-8-3t7] ¢ HHE 2]

2~ [e]
T}'\—]IE

AV S A2 A s & vt ok E FodA e AR
H) 9} AFH] 7F fAF B YT H 7]—{essent1al func-
tions) B+ F Zol e} FAMI S H Feetitt B 7|52
Sd/H0lH &4l
10
Sl 288 0f s e 20t
11 12 13 14 15
RFAIS || opsan
111 131
N=EEH .| s84d
112 132
° °
e [ ]
° °
IR 1Y AAE 7=t

°l

o] &Fx
=L,

A ARE - 274 165
74 5712 Al ol thaF 244 o) Failure Definition) 27 7F 4
5= P2 A2 B A7 EA] S Eokste F 2
= 712AQ Aol tih 7]EAot) o)e} 22 H4 V)%
& 8 Ae 2 7T 4L §9 ZEHHTRADOC Pam
71-9, 1999).

B2 715 0= The o] B meh At
£ 7)'d 4(Operational Concept Description) & = &7 4
“5(Requirement Of Capability) & 7122 7|55 A 2 stth

T’:

9 E 715 sl Top-Down B4 O 2 Tree FEIS] <1
a 1>34 e ]%%‘Q.E T=XE ;5}/\43}\:}.
A8E F2 )5 F 95715 AEdn

AR 6 fABIE BT
& Aol et 21
L Al B

or
o
ox
lo,
o
ot
kv

B2 A £

B4 7150 A Il g
2. AT BE 7S 5 5 o3 APl At R E
3 B 7150l 2T A% BT 5L 516 S
HEF fAPGHS B )5S Y 25 vl5ee 4
LEiges
Wl T Al Ee) B4 7150l 58 A% 7
4 A2 NPE £ fAPEHIe) B 15 5
U P4 71502 4w
cLlER r14.01
L _ARIIE
(e ]

At B
M) B4 75 4
&2 3ol 4 fAHI 5

NWNEW = J(EFn NEWY))

N(NEWf)
N(EFNNEW?)
N(NEWT)

—p,
NF): 33 F 94 15
NEWT : 27730 "5 7]

B oAb i 85 7%



166 wlo)A]ek 7] & 44

5. 53] A

LAFIA = - =5 7](Guided Missile) 00 7] F-oll 912
v FERI)S BEE oal 8% 8F BEES
o ANFEOE YFH7) A N £ L 94 2L

A fr =571 A1 El o1& &-8-8f) g staat ot
AH FEFAE <28 3o} 2o] FE - 2ERH
(Guidance and Control), B - 21¥HWarhead and Fuzing), 5
7]32(Propulsion), 7] A(AirFrame) 2.2 T =W =4 €
Tl w2 AR EAG Aol AR o 3l

CH2) UEHHQI RESY| 20| OE 75 &7

L1 L2 L3
N 27 /37
2
ANE B R/H/EA
3y BAAZAZ
= 2 B A) A/ A AR %
H T eE/TE
o= 1% HEZ 4 F A
w e

o
)
>

FAPRHIE A7) )55l T BRE A0 R AP
OB <E 353} LOr, AAE FAIH B5I15S B
shof AR Ske] AL A< 459 D

g3 Q5 o) AR AW 52 9T

CH 4 NAZH 24

T 8 | Lvl Lv2 Lv3 A H]
- k| BB
N -
00 5 E AA
= = IR seeker BB
o ke HIAA R 5 cc
= A AA
N B QS PO BB
NNEW®):7,  NINEWFNEL,):2
NNEWFNEL,):3, NWNEWFNEL,):1
—p=1-6)/7=1/1, py,= 2T, pgp= 3T, poc=1/1

273w} FARE R 7E A Al AR Al g
A1 —p) 0.14018 2 FAPFHIES A p,)2 AA,
BB, CC 21210.29, 0.43, 0.14 2 A5 e}, B8k A H] A
& HlolH F BB A% (agp byy) = (7,0) O|EZ 2] (12)

E 0|83 (apyy byy) = (7, 1) Z A & = Qo™ FARY
vl F-AMd 2 AIE dl 0B & thA] A28l <3t 5> 2o
UErd 4= Qi

CH 5 RARYH RARY & AIE HIOIH 29

Product(7) Success(q;) Fail(b,) Similarity(p;)
AA 8 2 0.29
BB 7 1 0.43
CcC 6 1 0.14

<3 559 AAE FAFEE A EE— o]go}oq NTF A Al

o] A 38 FH(r)ol
90% o]’ o= THE3}7] 91 /\] z,:al{n )S AuLA Q) A]
TR AL B o FRE 2 (1)} Hlo AL 71 A (1)
A -g-oto] AltetH <3 6>7} 2t

%
HEE %S AFHF
=]

i oo HN

(E 6> ZEE A1 £330 OE 224 A" a3 45 21

(Rel 80%, CL 90%)

Fail(y) Sample size(n) Reduce
CE 3 SARH| T47|s 22 2 A E1|0|E‘|(ai, bi) Binomial Bayesian Size Ratio
0 11 6 5 45%
T & Lvl Lv2 Lv3 1 18 14 4 22%
AA FH | 2 LA 2 25 20 5 20%
2013.02 = s S5/MW seeker 3 32 27 5 16%
(@, =85 =D gs | 32 | J@WF44% @ 4 38 33 5 13%
BB = | 2A A 5 45 40 5 1%
2013.06 = s 4=5/IR seeker 6 51 46 5 10%
(@ =706 =0"gs " 32g | zzg/z=q da 7 57 52 5 9%
cc e AE = 8 63 58 5 8%
2014.02 4T | AERE HAA S = 9 69 64 5 7%
(0, =6 b0 = Dge | aza | gageps g 10 s 70 5 7%




OJQAE - oA - olFA - ARE - E7IA 167

<% 6> B ol XSk 7Y S BF FAH A1F glo] .
BE 24892 45 A0 A8 Ao 28 A s N
of vla) oF st 71 A o] AR AL FATF A / ~
14
o ES T R A £ el A dueF ., A "
R e s DL I REARE P S ) S S==u—" S, S, e
AL52 AP £ ad Fo] Atke AS ¢ 5 Atk s T
/ T
T dlAls frARERl ATE dlolel 9} frAld o] At v] 7 t s
NE Sl MAE GES GAa] st B FAR] : . . . — .
o thal FAM % A% tﬂOlEi A7 He 7] N9 23 L e b ra e
m=z= 2~
) e e e e Q8 4> SAREIY NREOIEl] TE H2 Atise
_(5-j T%k(rzo)'ﬁ' ]}\\_].'6]'0:]‘:]' TI‘}\}X}‘H] ZOEI_‘_‘<*L 7>J’]' ZEHq- (0_1 <p< 09)
(E7 RN B2 2RNE £, dii+d, FA) Az ZHo] shkA Weshe AL B 5 gov] ol #
Sample Size(a+0b) Fail Range(b) Similarity Range(p) APEEIS] ARG BLAIE ] o B o Al ] Al 5 1ol
; _— =T FBBATE EAQBTE AL & 5 Ak A, fAP)
— N8 5% 5 A5, vFo] 94 FF& oA
W GAA ) 23k SALAH] A1 Ho]El7) AR
(B8 AR A U N O LR HA N 47 o oo TR AT o]_ﬂ_] l}] e
(Rel 80%, CL 90%) MY e TS 9%l Bashe A8 & o Sl e
' A5tAE] 87 BEEC F AAFFE HEA (1)A F
~ Rl Ll s e A AR o] S71l EE AL A
Similarit 5,9 gkol 2 Fo g Zasle] N5Ed 2 TS nAA
0 o 101010101010 7] olch =, fAI) FAVEO] 3 A1E Hol
oL 0 00T o ) vigel tes At A e
0.2 8 10 11 11 10 10 10 2 207 1A%
0.3 7 10 12 11 10 10 10
0.4 6 11 12 12 11 10 10
. 11 1 12 11 1 10
0.5 6 3 0 5 7."1 2
0.6 5 11 14 13 11 10 10
0.7 5 11 15 14 | 12 | 10 | 10 B =RoxE A3A Ao AA AZAFL 93 A
08 S L N O O O AH AP S G E A FAPFE A8 HolHE 243
09 4 178 s | o ol ASt 71 S ATk EF, FAGuI ok A7zt
10 4 | 1 [ 1825 | 31| 38 | 44 o) FAMIS Bkaly) Q8 Al FIAA) A 7k S ek
1) Y BR)FE JRE ol 435t o] F 53, Wol A
<¥ 8> ATE B FAA A SAPFHIG AT S 7TE S BE FAPIH AR HolE S 248 A9 o]
Aule A3 O gulojmz vxwﬂl SRR Tﬂ EE o83 AP AR AT neiF Aol vlg) AL
A AT A8 S 1082 225, f4H N8 FFORE ARRAL BEITHE AL FAT 5 9)
9l A4 AAHle} FAAHZL 5 ek oslz 4 Q. o|9} 2-& Ake 934 Ful o) A4 A Fo] sa)A]
F5A0 A (11)0] fAH R AP AE S g Ans o2 AP AS 1S W AP % 14 2a
T3 Aol U ol F X Felrt Ak webA fAEl 7} eed] el wobkEe) ulg o] Saek ofUje} Al Fe] B
N 5% R Ashsgo] AP2ALTF AIY R AASF a3 RE UG 9 5 WA AMAGE ] 74} o
) ST F7HQ Alatgnl Aol B2 °‘}Ui HEeg FAA) e Ho o 2 J 0% Addn
A5t A1 G 0 o] v, W2 As)Sgo] B A 54 o 2] A3} HAG] A1 Ho]E] F8o] B2
A NE2A BES Y8l <H 1> oJFEE 2E ;_49} Axoz A A8 £FE 142471 2ol ot
o] Az} s:5pe] Z7)o] vlE|ele] Al o] ZTkA Bk AREIe] §A R A1E ElolEl o] A3 A vlgol me} 4l
<A 4>/ <E 8>l A SAM0l 0.1 < p< 0.9 ¢l AL T8 A ko] Z7HE & dtke AL delasit w
FAPEE] Aol eapel he Al AY FHe adZe B, fAPEE RS S AT AY S A A £
YRS <O" 4> 2 ZE B FAMdo]l 2245 2 AP A B AR HIolHE S &3] HESt] A



168 Wlolx|ek 71Ee A4

FXE

o mepy gemel it AAH AP

bol slm 4 2 S AEYS 20 A 5

H] A3t o8] ] 2]&-of Fof] g} W &}3t ko] I g8tk
B =ollAe 43 Al 454 Aol 13] A8 E=

A& 7H8 st AR AR FES AP st oy A g e

UA FIFE SAA 02 AP o) AIFA] o] Aol

Ao EARE st ok Aed AA S FHIE Al

%13}

S 1A

A3

o
of ob

ol T3t A7k K H ojoF & Aol

s
FuEd

[1] B L (2013), HOJAIF AHAUFAIE A9 28 A
F &g ATF A13H, A3, pp. 1-10.

2] EHY - A2 - 84 (2013), 2 AE-37]9] One-shot
DevicesE $I8F Wl o] At 213 = 4, 214 S8 A,
A, AE, » 99-107.

[3] AEA - &A1 (2012), HIEL-o] R 29 THEE 27
2 3 3 2399 2 45 AlE Journal of the

1=

m[o

Society of Korea Industrial and Systems Engineering, 35
A, A2z, pp. 98-105.

[4] Defence Standard 00-42 (2008), Reliability and Maintain-
ability (R&M) Assurance Activity, Part 1: One-Shot Devices/

S 434 ABvle) BAE AR £ AT

Systems, UK Ministry of Defence, Defence Standard 00-42/
Issue 2, February.

[5] Dimitri, B. K. (1993), Reliability and Life Testing Handbook,
Prentice-Hall, Inc, Vol. 2.

[6] Kleyner, A., Bhagath, S., Gasparini, M., Robinson, J., and
Bender, M. (1997), Bayesian techniques to reduce the sample
size in automotive electronics attribute testing, Microelectron
Reliab., Vol. 37, No. 6, pp. 879-883.

[7] Martz, H. F. and Waller, R. A. (1982), Bayesian Reliability
Analysis, John Wiley & Sons.

[8] Reliability Information Analysis Center (RIAC) (2000),
Analysis of One-Shot Devices, START, Vol. 7, No. 4.

[9] Ten,L.M.and Xie, M. (1998), Bayes Reliability Demonstration
Test Plan for Series-Systems with Binomial Subsystem Data,
in Proceedings of Annual Reliability and Maintainability
Symposium, pp. 241-246.

[10] TRADOC Pamphlet 71-9. (1999), Force Development
Requirements Determination, Fort Monroe, Va: Headquar-
ters, Department of the US Army, 5 November.

[11] Vicens, G. J., Rodriguez-Iturbe, 1., and Schaake, J. C.
(1975), A Bayesian framework for the use of regional in-
formation in hydrology, Water Resources Research, Vol.
11, No. 3, pp. 405-414.



