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Abstract

In this paper, we derive the likelihood function for the independent random order

statistic whose underlying lifetime distribution is a two parameter Weibull form. For this

purpose we first discuss the order statistic which represent a characteristic feature of most

life and fatigue tests that they give rise to ordered observations. And, we describe the

properties of the underlying Weibull model.

The derived likelihood function is essential for establishing the statistical life test

plans in the case of Weibull distribution using a likelihood ratio method.

I. M E

B ( likelihood function )= &A1&
|4 BEEE(hypothesis test )& 43}
AE g Fod 318 AR5y, 53, %
ﬂ\’4%ﬁﬁﬁ§+§l(statistical life test
plans) 9% SselE A Aol

=g g A B2 gL
7} 8 oot (two parameter Wei-
bull )1 7 %2 HFrgel gt FAAT
BAGAY wldE g5 T, olF #3
of wk=4] Y92 3kt LEEH ol o
A T vk W ARSI 2 A=
MIL-STD-781 C2o] 54 A 22 g

HEEo} EEASH Afeld, ol AF
olvf F&9 7|=4Ase(failure rate ) o]
AlZke] Bgel wAlgle] —&dirt=  7HEE
27R st glod, B THEY Xl

Aslel Ao @il £33e] Hok e
z\éo-& A% A 2 e A
g e Lxoh A4l obd A4, ol

ZER) x}—%‘s}fﬂ; el 1 Ade s
22448 43R + e Aot Vg
A oleg AREL Y +92eo A5y
oleke A% o84 Fo AYA 4ol
Aeisld AgHAE & Wek

A4 e A5 Fsht mhel o3 7]
FANgo] sk, ASAH gol 2k U

* ST Ateta

(1) Zelen, M, and Mary, C,D,, “The Robustness of Life Testing Procedures Derived

from the Exponential Distributinn” ,

Technometrics, Vol,3,1961,pp,.29 ~ 49,

—39 _



4,z 495 BFE TP ool
Mpze sz A5 24 b

webd, £ dfe FH9E3t Sol Ul A
+ FEAGAY o dad LERE &
52 9sle], mix BAld oy RS

B(order statistics)S Eo|dli 2o HE .

2o 448 LA A olEH  qond
T4 B e 2ot Adsl Ak P sl
T EH & ( likelihood ratio test )& A&
A YA ol s BRNER R & ( indepen -
dent random order statistics)ell ¥ A&

EREE 5 sl = gk

I. IRGI#tEtE

2 7ol Ae BRE BE  Z2AS =

FAAH A 4R ek 34 BR

ﬁg_% J][E{_JZ“%‘ 7;1']] ?;S-"\E' n X‘]]:’:Ol 6‘]—1/]—
’] 7];“1"1‘51 XHA]’E] Sy B i Z-ﬂ 2| .E.&é_q] 6""]’1

Aol g SASg et ¥ =, "l 2 714
2 Q4 A A Fe Aelst skt 3
2 ohe A Fo) FHAR Fm, e . mhx|
2k A Fe] "Aolrt b Arpw o]l 23]H
Bl Al Fojet a2y g AAAA & ol
A 49 Bl AAR EAT oA 2 o

2 “r%‘?’XéOI %}L EAAq abeloth

a3
ok
@ ©
£ o
H J

o]
[
e
2,
il
_ﬁ
b}
fru
>

Nl
i,

’ n
F%ol hsted 4YE el B YA
B M A2 4337 A, 1 sgoe
Ao Ao] Tuwls, e ,upRjeto 2 sk
 AS) mes A8 ek oD 9

’Qﬁd% nAe] A 3 °l 715 A4l 517
] Aol Tekd T ek -r]S’Jr e A
r(Sn)dA Aea Al Fie T2

#(Type [ censoring), ARl ol A=l
7k Toll Fetd 5 eb(Type [ cen-
soring) . o3 A-foln o] F A
2 27t 5 Zeos MY oAE

ﬁ

> 3o o nsi‘i

Aoz a¥x X At &2 A%
el ¢ o A2 AZA 24 A =%
SIS AgS € 7 gle AA AAE A
ke ek

. =0l 7%

[o]

A B A5 ol F7E ulel zro] eloH iz
¢ & FHEFgos A gk

+ A7olA = B (location para-
meter ) 7} Fel Aer 4w gAY B
o2y TRl E To ele) A Al

TR AR RS Ze BABE X #

ZBFERE(probability density function)
+ ol 9} 2k

£ Grap) ={ (EyZ)rtex—(2p]
, 0,0, 850

0 , elsewhere



x7b B = shue] @R Ee s s
(characteristic life)olgly #3]-9=
B oay0E X2 10001 —e™)63.2

X BofB(percentile) ¥ X AH3te §
8 ( scale parameter )olct.  &# B0
= x| g AAg ukek 1 o
H BEREs X7t S sel dzEA

AR
Zagtet wkef B(1 F2 B=1lolw 7%
3 U AHS

olf,

o

of B

253

Attt 2z gha T =
B=1¢l 2% dold izt 7huist A4
27h Heh & dol"EEE fe7f ofn] o
S8 AFHEEE TP

Slo] ] RS M(Weibull cumulative dis-

tribution) =

Fx (x) =l1—exp[ 1— (x/a)? ],
XD 0 eeeseseneseinn @

oje}, sfo]Wixe] T
B=EX) = a@ (1 +1/) - @)

olch, o714 ['(x) & Zrulshs(gamma fu-

nction) , &

o]t}

Ay Edo) 4z FaAdl WAHL
gvhd ARGl THBECH FYHES
BB ( reparameterization) ¥ 24
24 Bgol FolsAeh ¥ [x(x;a,h)
E oaZ /I (1+1/B)2 dA[FTozy
ol o} ol F fx (x5 #,0)% A& T

e,

1 .
gl +# /898 ot

Cfx (e = eXpE_(I’(H;l/ﬁ)x)ﬁ]

X0 5 #,B850

0 , elsewhere seeeeennss )

IV. SiERststEe] LERK

AgS Fal4 A2 ool A3 IEMHETR

& o] &3t FHAFAIE wE  $HA=
| AtEzade) 4eoe 9o B

B3 (null hypothesis )3 ¥ wERF @lter -
native hypothesis) X+ BHMBHR( sim-
ple hypothesis o} o}ytl, =}z}4], Neyman
~Pearson Lemma & 2 olasr + glo
Bke ot A mavbe sHA sl RE
higo = AL 7he3bd, o9 HL$ Hs)
o] AFRE o2 = B BILIRABEE o] o] ok
ok, ey AEE B4 Qe HEA
e MEBEARE RO ok

Fol A EBBRIES B st &
A AT LEEES s W7 9
gho] o}-29] AEES =Yk

X1, Xz o0, Xn2 e BuUMBRKRERE
olef. X =min, (X; ,T) = Helstz 7]
A Te Buch 2 ngsolsh weby X;
Xy, o, Xo BL EF Sepelusgolch
a0 HemaEERy(joint probability
density function) &= o=l ¢} Ztf

%k
f(Qxy,%5 , 0, X2 )

= ;tl f(x’f)

714 1 (x7) & Bl Folml £ (x;
B E e fxEshd vk
oo Mg 5e maishy

P, (XI>y) = P, (Xidy, TDy)

= 0 Ly T
= j‘yf(x)dx,ifoéyﬁ
= 1 ,if y 0

wpebd Kol kA AR EE e

i =>
* () = {O ,if y<0 or y2T
f(y),if 0=y <T

(2) Neyman-Pearson Lemma & H-§3teiwl 7HIAAN A AT 3 A 25}

Aol of o).

— 41 —



azla, (24 o]8ske

P, (Xi=T) =P, (X; 2T)

= 1—F(@
L (1+1/ T-#
= 1= {1 e
8
:exp{_[w] | RRETR 9

we}A,

* k
f (yi)= n@=1)(n—k+1) =

i=]

f (y;p exe{— (n—k)

[F(.1+#1//3) T]ﬁ }

for 0 <Yu’)‘<“‘ Cyim < T
= Vi) = 0 = Yo
€(0,T]

= (0 , elsswhere «ccreeeee a0

AZAA yi,va, v, Y EE Xi, X5,
th] Adz35oln] yuy, v, Ym =
Yi:¥2s " » Yn%‘%‘ ‘L‘E‘?’]‘%‘ 7711‘—1:-% ‘:ﬂfﬂ' T
Solel. asjmz XT,X;, -, Xa9 RE
e

o ~

o~

Lr(e,) = 1 G0

= n(@—1) - (n—k+1) g*

[ ra+i/p jkﬂ

. exp‘{— (n—k) -

2

[F(l*};}/ﬁ)T ]
_ v TA+1/B i
E reged]

-1
Yiiy

t=1

iR

for 0 (yp &L yuw<T

=V & " T Y

A7 yan VY@ s, Yw B ARl H4
W g TEE AL XoEl W T 2
A AW FEoleh sl A AHAI Xy
2 ZAF LEEHE, Lxn (#,B) = Tok
g i (r—1)2 dxgozA Lr (e,
B) 2 38 doA gtk EE A4

ey Yo T Xo-D

Var= X Yor- e

oleh.
Lxr, (£, = na=1) = (n=7+2) "

ra+1i Blr—1)
[ (# /ﬂ)]

. exp{-— (n—7r+1)

. EF (1+lilt/ﬂ) Xry jﬁ

= ~F
U3 (FAEUD Hay }

22 AP Ze e
A7 ol F T Aol et

2 QT4 RAY o AfAE FEE
ABAFE FUdFE wAT Fud
o LE5} shoel A9 LEEEE T
ARA R skl gel mmEkBE AT Y
440w, o|% o83l MIL-STD -781C )
A+HEE 3ok ol AA Aol obF
83 ololwiE 9o +4AHAY vl
27k 9 Aolek

b
rO
ol
-~
2
i
R}
rd

—42 —



10.

11.

12.

2 £ XM

BB BES, WETERE (HEe fIE)

» & Xk, 1973

. Bain, LJ., “Inferences Based on Censored

Sampling from the Weibull or Extreme-
Value Distribution”, Technometrics, Vol.
14, 1972, pp.693-702.

. Bain, L.J., Statistical Analysis of Reliability

and Life-Testing Models, Marcel Dekker,
New York, 1978.

. Barlow, R.E., Proéchan, F., Statistical

Theory of Reliability and Life Testing
Probability Models, Holt, Rinehart and
Winston, New York, 1975.

. Bryant, CM., Schmee, J., “Confidence

Limits on MTBF for Sequential Test Plans
of MIL-STD 7817, Technometrics, Vol. 21,
1979, pp.33-38.

. Butler, D.A., Lieberman, G.T., “An Early-

Accept Modification to the Test Plans of
Military Standard 781C”, Naval Research
Logistics Quarterly, Vol. 28,1981, pp.221-
229.

. Engethardt, M., “On Simple Estimation of

the Parameters of the Weibull or Extreme-
Value Distribution”, Technometrics, Vol.
17, 1975, pp.369-374.

. Epstein, B., Sobel, M., “Life Testing”,

Journal of American Statistical Associa-
tion, Vol. 48, 1953, pp.486-502.

. Epstein, B., “Truncated Life Tests in the

Exponential Case”, Annals of Mathematical
Statistics, Vol. 25, 1954, pp.555-564.
Epstein, B., “Statistical Life Test Accept-
ance Procedures”, Technometrics, Vol. 2,
1960, pp.435-446.

J.E., Mathematical
Prentice-Hall, Inc., New Jersey, 1980.
Gnedenko, B.W., Bielajev, JK., Soloview,
A.D., Mathematical Methods of Reliability
Theory of Reliability Theory, Academic
Press, London, 1970.

Freund, Statistics,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

— 43 —

Harter, H.L., Moore, A.H., “An Evaluation
of Exponential and Weibull Test Plans”,
IEEE Transactions on Reliability, Vol.
R-25, 1976, pp.100-109.

Hjorth, U., “A Reliability Distribution
with Increasing/Decreasing, Constant and
Bathtab-Shaped Failure Rates”, Techno-
metrics, Vol. 22, 1980, pp.99-107.
Lawless, J.F. Statistical Models
Methods for Life Time Data, John Wiley
and Sons, New York, 1982.

Lomnicki, Z.A., “Some Aspects of the
Statistical Approach to Reliability”, J.R.
Statist. Soc. A, Vol. 136, 1973, pp.395-
419,

Mann, N.R., Schfer, R.E., Singpurwalla,
N.D., Methods of Statistical Analysis of
Reliability and Life Data, John Wiley and
Sons, New York, 1974.

Military Standard Reliability Design Quali-

and

fication and Production Acceptance Tests:
Exponential Distribution, MIL-STD 781C,
U.S. Government Printing Office, Washing-
ton, D.C., 1977.

Nelson, W., Applied Life Data Analysis,
John Wiley & Sons, N.Y., 1982.

Stuart, A., Kendall, M.G., The Advanced
Theory of Statistics, Hafner Publishing
Company,N.Y., 1960.

Wald, A., “Tests of Statistical Hypotheses
Concerning Several Parameters when the
Number of Observations is Large”, Tran-
sactions of American Mathematics Society,
Vol. 54, 1943, pp.426-482.

Wilks, S.S., “The Large-Sample Distribu-
tion of the Likelihood Ratio for Testing
Composite Hypotheses”, Annals of Mathe-
matical Statistics, Vol. 9, 1938, pp.60-62.
Zelen, M., Mary, C.D,, “The Robustness of
Life Testing Procedures Deriveel from the
Exponential Distribution”, Technometrics,
Vol. 3, 1961, pp.29-49.



