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erated life tests without assuming a parametric family of failure dis-
tributions at the different stress levels. Our time transformation func—
tion is a generalization of the familiar “inverse power law” relationship.
We consistently estimate the failure distribution at use conditions
stress, and show how to test for a specified common parametric family for
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life test. Our results should be of interest to ,.,iometricians involved
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n it :  ( ; KORt ;E WAS h 1 N (~l’ON UN I \ ‘KR S I I•Y
Sch ool  of Eng i n e e r i n g  and App i t ed Sc le i tce

I n s t  i t  U t  e f or  Manag em ent  Sc tenco and E n g i n e e r i n g

E STI MAT ION AN I) ft Sli NC OF h YPOT h ESE S FOR
1) 1 STR I BUT IONS I N  ACCE LERATEI ) LI FE TESTS

b y

.1 . Sethur am an
N ozt~r I). S ln gpurw a  1 I a

t n t  r oduct  L o u and Sunumirv

‘1.Luv manufa c  t ured p r o d u c t  s hav e a long  I i fe  when used under normal

I o i t s .  I t w o u l d  he t m e—consuming  t o  est ima t e  the  I i  f( .~ (or f a l l  ore)

d st r I hu t  ion of a p r o d u c t  under normal  or use cond It ion stresses. One

rt ’ I o r~’ t e s t s  the product t i nde r  hi gil s t r e s s  cond i t ions , makes some as—

~ tJmp t i on s  re 1. 1 ing 11 fe ’ under  I i i  gh st ress to I i  ft ’  under  norma l s t ress ,

. t I teI t hell e ’ s t  I mate s  t he  1 i fe  d 1st r I h u t  ion un der  t h e ’ norma l st res s . Tb Is

l I t  h r  i e I • d e s c rI b e s  the  p 1cm t h a t  goes by t u e  name of “a c c e le r a te d

I i ft t e st s  ,‘‘ w h i c h  has .iI  so foun d  app i i  ca t  ion s  In  h i  oassav ex p e r i m e n t s

i’ r ,ic I I t I on.’ rs In  t It is  are .I  cu r  r en t  lv  make two assumpt  ions : first

I I I e d i  t r ib u l  t ons  tunde r a i t St resses are assume d t o  b e l o n g  t o  a common

~‘.I~~.Um ~’t r i  I .ini lv , and second , . I  r e L i r  f o n s h i  t , utsu ,i l I v  r et er r e d  t o  .is a

t I me t u . I I t ~; f o r m a t  I on fun c  t I on ,” is  assume d a~t~~ng I he NI ramet ers tIfl dt ’ r d i  f—

r.’u t I re . For ex a m p l e  , i t  is  common to assume t h a t  t h e  1 1 fe d I. St r j  —

b It t  j oI l ; he I 0II~~ t o  an exponent  La 1 , We t h u  I I • or I ogllt’ rm .t I lam I l v  . Ex .ump I ~‘ s

I ) I  ( me t r . Ins  format  I on l one t I OTIS are t h e  invers e  powe r I aw • t he  Arr hen  [us

I .i w , •ii td tltt ’ i:y r In S  law (Mann , Sch .i fe  r , and St ugpurwa I t  a ( I  ‘~) 1~i ) , r~. 
.
~ 21 I

I n  t It I s pape U we drop t in’ a ssump t ion of .1 conmton pa rame t r Ic fam liv

I or I I Ic d ist  r i hu t  Ions  under .i ll stresses hut ret .1111 a v e r s i on  of the  t tine
1
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I I .1 I1~ ; I t na I i ~‘Il  I t t i t ’ t i o n .  We slto w 11(4W t o  e ’st (m a t  t’ t he I I Ic dl st ribut ion

O I l  • I t • ‘Il  t I V u t t e t o ’  r norma I st I e~ .s . We t h e n  sh ow Itow t o  t .‘st to r a spec!—

I I e t I  ec ’Inmo n h 4 .lraln .’ I r I c  am i i  V 0!- t lIe l i t . ’  dl  st r I but  I o n s  unde’ r d I f  ft ren t

~.t t e’o., . . I l tus  • we •t i  • ‘ a b l e ’ t o  t e s t  t ite v.i i Id i t  v o t ’ t lie f i r s t  of t h e  two

I I l I I ~~ i l , I e l t ’  I l l  c u r r e n t  pr ,Ic  I i ce  i n  , I t ce leraie.’d I i t t ’  t e st  I n g  I f  we

• i r .  W I  I l i t  t o  . e o , u I l n t ’  . 1  1 l ine L I  . u i t s t o r m a t  b i t  t u i t c t  i o n .  in  a subsequent

‘ I ‘~~~~ Ii,ui • i i i t l  ~ i i t g p u r w a l 1.1 ( i~)7 8)  I ,  w ’  sh .u I 1 d rop both  these ’ as—

-~ h Uh1 I I o ; t  - . .1 t t d F t ’ .I t I II i~ 
rob l en  co~np i t ’ t e l  v nonp ar ame t r I c a l l  v

ii, Il I ’~~~I - ,  ~~c,, i l it,, . t i i - t  lt ~~;

.. ‘ l le t . t l t .‘ ‘ d \ i i  • . lo l l

III, I l l V I l~ l%, ~~’I ’ l . iw  I t , is  h ’eind ap p i  I c , t t  ions  In  ac& ’ e l e r , u t  t ’d l i f e ’

I ~‘s t  L i i ~~ i’ i c c  I I - ‘ I I I ~ ~~o lUI l e l I l e ’ I1 t ~;, .111 ( 1 in  11 i o ,ussa v  e x pe r i m e n t s  o t  c a u c - L I l e ’

It  “III” I l I l s I ”  i t t  , W ,i t ’ ;te I , Re ’ r r ~ , •Ill d T i m b r e ’ i i  ( I  ~ 7 1~ . l .eve ’nbach

I ‘I ~ I I , I -  -~~-d t I t .  I I I V e  F ; ’  power  l aw t ~r .ma I ~~~ t og t est results on Nupt ’r

u n lpregI I.l I c c i  d t i l e .  I I I c  ~‘ . I I 1 . I t  I t  e l t ~S , I I l ~ i su p p o r t  ed h i s  cho ice  of  t h I s  t (me

I ra us l o  t nt .  It I oIl ‘v a l l  .‘iitp II ie.tl ohst’ r va ( i o n  t h a t  t h e  mean 11 ft o t t he  c a—

P t  e i t  I -  in  vi ’ rs~’ I v p ropo r 1 1011,1 1 t o  an unknown power of the  ~I t l I l  1 It ’d

I r,’s s. ~ I n e c ’  m . t i tv  it . ms , and t’spec I a I lv  c . Ipa c  It ors , a re ’ as sumed to  have

.111 e ’ x p e l i l t ’Iit i.t t or ,t We I h u l  I t,u i lure’ d Istribut j e l u l  a t  a l l  st resses, t h e  fol—

I OW f I i5  Se’ 1 1111 I or ,Ie cc I erat ‘d I I f ’  t e s t  I ug has become q u i t e  convent  I oua I

I I I  t ’Ilt~ I 110c r I l I i ~ ~ip p  I i  cat  (Oils. At St rt ’ss I eve I V , I , 2 , . . . ,k , t h e

t ,i tl L i l t ’ d i s t  r ibut ion is  assume d to  he c i  t i ler  an e x p o n e n t I a l  or .t We’ Ihul 1

wI t Ii ;c ,t 1 ’  p .urame ’ t er  t 1 
. . At use’ cond it Ion \‘ • t he  f a i l u r e  d i  s t r (h o—
I U

i ott  be ’ I s~ l l c . 5 to  t h e  same p a r a m e t r I c  t ant i l v  w it It sea i~ parame’ t e r 0

TI l t ’  s c .1 1~ ’ p.~ rame te rs a re ’ re ’ 1 . 1  ted to  (lit’ st t~C~ sses accord i 115 t e l  t he  re l . u —

1. t o n S i l  i p

1’ • . . , k , u ,

“ I
• whe r e ’ ~ .u i t l  I’ ar t S  unknown e ’o i i st ant s .

• I I I  h i  il I S S , I V  expel  un cu t  s V r ep resen t s  t he dose 1 eve ’ 1 ol  .1 c a r—

e t flOge ’ll I c  ‘;ul . st a n ce .  I I I  b oth  acee 1 e ’r .uI ed i i  ft t e s t i n g  and h i  ct a s s;I ’5

I

L_ L 
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e x p e r i m e nt s  it is assume d that t he  Wt ’lh u l l  shape pa ramete r  is the same

for .111 stress conditions .

In t h i s  paper we shall r e t a i n  a version of the inverse power law ,

lin t d o  11( 11 require m y  . i ssumpt  ions about  a common parametric family.

~~ pt ~~ if ic il Iv , suppose t h a t  t h e  fal lure d i s t r i b u t i o n  under the accelerated

st r es s e s  V . , i 1 ,2 ,. . . ,k * is F~, , where F
v 

is unknown , and that
I I

the  f a i l u r e  distribution under use conditions stress V is C , where

C i s  ,ilse t unknown. Furthermore , we assume tha t

/ j )  
-

V .x
Fv (x ) = , i=1,2 ,... ,k , (2.2)  

—

where  C and P are unknown and C depends on V . We can verify that
U

i f  F~, and C art’ exponen tial distributions with scale parameters 0.

and C , re’spcctivclv , and if Equation (2.1) holds, then Equation (2.2)

I o J  J ow.s. I’1t~’ same is also true if F
v and C art’ assumed to be Weibull.

1

• titus, our  model is promp ted by the models previously considered in the lit—
t or t ’

I s  i n g  f a i l u r e  data at the k accelerated stress levels, we shall
ti rs t obtain an estimator of P , say , and then ob tain a consis tent

e~;t  [m ot or  o f  C . Final ly, we propose a method for testing the hypo thesis

th at  i l l  t he  failure distributions in question belong to a common parametric

fami iv.

1. A Con s i s t en t  E s t i m a t o r  of C

Let X , , 1 1 , 2 , . . .  ,n . , denote the observed failure t imes under
1 , 1 .1

s t ress  level V . , j 1 , 2 ,. . . , k . If the vector (X~ 1~ 
X~2, .. . ,  X~~~~) is

denoted by X
1 

* then from Equation (2.2)

I

- 

- 

_~~~~~ .~~~~~~~~ ‘
: - - - - ‘

- 
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m , ,~ 
k~~~ ~tt ’t

t, ’ I C ~
‘ it,

Jet  P
I t  - ‘i ‘~ \ , I — I , , . . , ,n , — 1 ,,‘ , . . . ,  I. , t h e n  t ho e

1 . 1 I t. t

t. i I 1 t l . I V t ’ .1 t ’t ’lfllIlttl ) uttk I te ’W ll d i  “t  I I 1 ’ I I t  I t ’l l  C . i q i t  I v o l  ‘nt I v

It  .

~ ~~ ~~. 
• i i - i c ’g~ 

• 
, and v

1 
* log \’ • t h e n  

• 
—

I 
• ‘

~~ ‘ 
. tnt i  t i l l ’ ,‘ ‘ 

~; i t , lVt ’ .1 e’t ’tt~lK ll% s t 1 ~~~t u  I t ’tt  I i s~it hi (~~ ‘I . It

hi \ t ’ . ( 11. ’ unknown ’t d i  s t  t I bout t on  oh  t h e  \ , L~ 1 ,.
‘,,.. • n , I i l i ’ i l

H ~~~ IhI ,’~ f I’ \’ , i — I  ,.‘ ,.,., k

lit .‘r~ter It ’ .‘‘; I I m a t . ’ I’ • we i t ’ I -‘ f 
• whe ’r e t he’1, 1

i l l  t , c  me’,In i t  ,titt ,I e’s ’tt Utlo ’t~ ~‘ ,I I 0 . t l le ’ e’ ; t h OtS ~ ~ N’ —

1 . 1 1 . 1 I 1. 1
I ’s ’ s , I t l  l~ ’w oI ’t .1111 tI ll ’ Ie ’,iS t s c l t I , o i e ’s e ’ ’;( i itt:i t e’t 01 1’ • 

t; , tV  I’ , us lu g

‘~t , i t l t , I , t  u , I  I e ’c l t i t  t e ~ toes .

‘ t l t t t ’ H i, s, — N ‘I H I,\ ’I • — 1  •~~~, . .. ,  k • hI
~ ~, x — Pv ‘I 

• I he ’

t ’tl lI l I I  I ~- .i I J ~~t ; (  i. i b t i t  t , ’it c l i  t\  
* 

— i’ v ‘1 I — 1 it , i t ;  :111 est ( sta t or

01 II ~ , -‘ ~“l I’d t ’St  I nht I oi ot  U ~ ~ is

it hI l, \ — N 1
i — I  1
- - -  ~~~ . ~ 1 .

y ~i — i  I

I It ’ I ~ I 10W t n g  I t ;  .01 nuue5t 0 , 1 1  e’ s’ouse ’qut ’uc e ’ o t t h e  Cii ve’uke’— t’aut ~‘lI I

I .‘nimc l

l i t ’ i e i~ . I i t  n I t ;  1,1 i~~ e ’ l o t  ~‘oclt I • —1 • 2 k , t hen

H ~~ II t, x~ tou t t e ’l’Ut l v l i t  x w I t  It Pt’e’t’ahi itt v I

We’ t i , t  Vt ’ .011 t’S t i t t t . l t  ~‘t oh  t ite ’ d i  sit (bout (on o I I he I,’ ~.m u It huts

0 t I it ~ t a t  I t i t ~~’ II ilk’s 01 01St ’ ~ 0t1t,t i t  t s ’t t ~ ~t t . ’ss . :\S i s w el l  known • a

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ -—
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t O l l s  I , Ie ’t ’, i t  ion  o l  t ilt’ Ie~g~ur i thins of t h e  f . l i  lu re  t l ine s is not  too unreason—

. i l t  h e ’ i n  l i l t ’ t e s t  in g  s i t  uat  ions .

lit i ~~‘ i t t ’ xi  sect I t ’it we sIL l  I I 1i se’uss the t e.st ing of hype ’ t h eses

t o t -  a sC t ’ c I t  I t ’d par ame t Ic f a m i  l v  for the d istribut ion 11(x)

-. . Ve s t s  o !  h l v p o t h i c s e s  f o r  a S j~~c i f I e d  Common
l’ ,m r , im. ’t r i c  l’. imi lv  of L i f e  I)istributions

We 511.111 con f Ut’ our discuss ion to tests of hypotheses for dis—

r I heit ions  0 !  t he  b eat Ion—sea it ’ type. Such distributions are common ly

- a ‘c ;tirneel in  l i f e  test Ing sit wt t ion s .

• .l l’t’e l imin aries

Suppose t h a t  we wish  to t es t  the  nul l h y p o t h e s i s  that the unknown

el 1st r ibu t  lou 11(x)  is of the  form 

~
(-
~‘~) , where a and ~ are the

1;Ik no Wn I oc ;l t ion  and S(’ , I  Ic parameters • respec tively.

S i nc e  x , . = z . .  — PlogV
1 * 

i 1 ,2,...,n * l=l ,2,...,k , testing

the’ I l v I t o t I les  is that 11(x) = ‘~
(-
~

-
~) is equivalent to testing the lwpot h—

X—cl .
e s i t ;  t h a t  Ii

~~
(x ) = . The distribution H~~~~(.) belongs to

the’ s.-ime pat-ametric family of distributions as H
o
(.) , and a

1 
and

.mre th~• unknown location and scale parameters , respectively , of H
o~~

( )

For examp l e, i f 11
0
(x) is an extreme value distribution with location pa—

ra me t e ’ r s  a and ~ , t h a t  is , if H
0

(x) 1 — exp —exp —~~
‘— , ~~~~~ c x < ~~

then hI~ .(x) is a l s o  an extreme va l ue d i s t r i b u t i o n  w i t h  location param-

eter ~n — PlogV . and scale parameter L~

We nex t  present some resul ts  for  t e st ing  the n u l l  hypothesis  tha t

/x-ci \
H

1
(x)  = H0 1 (

-~~.~i~J 
when a

1 
and are est imated from the da ta, and

- \  j /

then adopt these fo r  t e s t i n g  hypotheses about 11(x) • S

— 5 —  

_~~~~ ~~~~~~ 
-- 

‘fr-~ - s _ - ~~~,r 
- 

- --- -
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‘ I , i  m i t  t u g  d i  ; t  r I l ’ e & I  I t ’ t i  I a Ko Imogoro v—

5m tr u t ’v  ty p e ’  ‘;t at  1 st  t~ - w i t  II e’st i m a t e ~b
I t ’ ,’ , i t  jo l t  ;titt,I sc. t  i t ’  l’ , o t . l m e ’t e ’rs

0 o u t ~ I , Ie r  t i l e ’ p u’oi~ I em c I t  t es t  to g whe ’t I t e r  t lie ’ d i  s it ’  i hu t  Ion of x 
1k

• x - b’ !  e ’lt ~~ s 0 . 1 ~‘‘ - ‘
j
:. 1 oe -~~t ion and Se .l le ’ f : iml  I v • wi  r h

I ’  . -

lit ’ pa t  t f e u u l . m r  v ,m I iii ’~ 01 t i t e ’  l . ’c , t t  i on  .ind sc - a l e  p a r am e t e r s  ‘ ‘ ~~ ~ ‘~ ‘ t ’ :  — ‘ 

~1or . ’ pi  cc i s e tv , w ’ w i s h  t o  t e st  t i le ’ 11011 1 h vp ot h e s l ’ ;  H (~: 11, (x~ H
o -( 

~~~~~~~~~~

I 0’ .1 ii x and 1 01 St’ltk’ VJ I n c ’s o I and ~ . i.e - • ~I i , n . _ )

t h e  max i mum l i k e  i i  Itood C’S t I mat ors ot  ( t  • 
‘I based upon the  assume d 110111

l ’vp
~

’t l i t ’ - ;  i t ;  d i s t r t h t i t  Ion Il~ ~

We ’ e1e’ I 11W th e’ f o l l o w i n g  qil aut  t it les

J . l  1, 0 .
• \ - ~~~~~~ ~~~~~ I ‘-~ I S— n  ;

!l

~ 

, 0 
‘~i , t1~~ 

Si

it -
l~ 

~ [u 0 1 ( ~ 
* i)  ~] * () t I. , where

I ( E ~~ denotes  t i t e ’ m d  i c a t  c ’t o t  t h o’ event  E ;

• \‘ (t ~~ 
- ( I’m Y (w (t) — t

’
~ • ~ t ~- I .

j , n
1 

) \ J * n
l /

I c  t l~ (0 , 1 den ot e’ t i l e ’ space’ ol fun c  t ions on [(1 , 11 wh i t ’h ~lt’C

I e~ l i (  ~ c ’t l t  I nu e ’u,; and lt . lVe ’ he  f t  — h an d  I Int l ts 
* and let “ ~~~ ‘S “ denote c oi t —

vergence in d 1st r l b u t  Ion . 
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- . . I  I )u r b  i l l  (I’) ? I~ • S, ’r f  I U l~ ’ and Wood ( 19 7 h )  I : idc ’r

11 ( x )  - I t
) 

(\ i) , t I l e ’ “emp i r lc ’aL s t o c ’ i i . l st i c  pr c~cess , ’ iv . ( t ) ;

I I  - - - I 
L 

~~ in  I)(U , 1 * 
wh er e - V

U 
i s  a ( ;tuss Ian p ro c ’e’ss de ’—

- t v

I )  I- : (v ~ (t ) I U 
* 

1) 
~- t ‘- I and f o r  a l l  U < s , t < 1

(ii) EIV
01
(s )V

0( t )  I = m i n ( s , t )  - s O  + o t h e r  term s which depend

on hi , ( ) and t h e  p r o p e r t i e s  of ~ - and
0 , 1 ,n . 1, 11 .‘ 3

-‘ ccc use ’qu en ( - e - of  the ,uhove  theorem and the c on t i n u o u s  mapp ing

t h e o r e m  ( B i l l i n g s l e v  (19 6 8) 1  is  the l i m i t 1,ow of the  Ko lmogor o v—Sm irn ov

t e s t  s t a t i s t i c

I) = m ax (~D
+ 

* 
I)

it . I n . fl .
3

whte ’ re

~~~ V . ( t )  and 1) = i n f  V . ( t )
( ) ‘ t ’  1 ~~~~ O < t < 1

l ht ’ limit law of I) is g iven  b y the law of the random va r i ab l e

I) = max(D +
, — D )

whe -  r~’

I) = sup V 0 ( t )  and D = in f  V0 ( t )
0< t < l

- e ’ r f i i n g  and Wood ( 197 6)  and Kac , Kie fer , and Wol fowi t z  (1955)

have ’ o b t a i n e d  an express ion  for  E [ V ° (s)V °( t ) )  when H
o

.( .)  is assumed

to  he a normal  d i s t r i b u t i o n , and when ~~~. and ~~~. are the sample
,fl~ 3, 11.

mean and the  samp le standard  dev ia t ion 1 respec t ively . This was used to

p e r f o r m  a Monte Carlo exper imen t  for  simula ting the dis tribut ion of the

l i m i t i n g  random var i ab le ’s  D’
~ * 

I) , and I) . S e r fl i n g  and Wood also

I
— 7 —
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gave us a table of the quantiles of the simulated distribution that en—

a lli e s  tiS to I ) erform a test  of the hypothesis that H~~~() is a normal.

A similar set of tables has been provided by Durbin (1975) for testing

the hypothesis that H
0~~
(.) is an exponential distribut ion.

Chandra and Singpurwalla (1977) have obtained an expression for

E[V 0(s)V°(t)] when H
0~~~
() is assumed to be an extreme value distri—

bulion. This has been used to simulate the distribution of , D

and I) and to obtain a table of quantiles similar to the one obtained

by Serfling and Wood.

Thus, using the results described above we can perform a test of

the hypothesis that H
1
(x) is either a norma l, an exponential, or an

extreme value distribution , each with estimated location and scale pa-

rameters.

Our ultimate goal is to test hypotheses about 11(x) , the dis-

tribution of the logarithms of the failure times at the use conditions.

• This is discussed in the next section.

• 4.3 Tes ts of hypotheses about failure
distribution at use conditions

In Theorem 4.1 we showed that under the null hypothesis H
0
:

H~ (x) = H0~~
(
~~~i) , the “empirical” stochastic process ~V~~~~(t)

O ~ t ~ i} —p—’> v° , for j= l,2 ,... ,k .

If we now require that the life tests at the k accelerated

stress levels V
l
,V
2
,...,V

k 
are conducted independently, then the pro-

cesses {v (t) ; 0 < t < 1) , j 1 ,2,... ,k are mutually independent.

In order to state our next result, it is convenient to define the
I i

following quantities:

I
— 8 —

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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‘I ’ — ~~~~

A k i 1 ,.’ ,... , k

II •

~ ?- ~~~~~~~ 
(t) I) ‘- t I

We ’ slia I I re ’ t’e’ r i t )  t lie st oeht ;ms t i t ’ p roce’ss I? , ( I  ) I ) ’  t I I ,~s t lit’ ‘ ‘ , - ,‘ • ‘ - 1

- ‘- 1  0

I l t o ’ it I t f o l l o w s  f r o m  ‘I’hi~ e’ rent I . 2 of H t i l l  ngs 1ev ( I  968) .end t t t t ’

p r o p er  t it’s of ( a t I s s  f a n  I l i o c ’e ’sses t h i a t  th e’ ~ () ( )  it ’d emp I r I e - .i I p recess I s

st i t ’ t i  t ha t

k - ,~~~~~~

‘

~

‘ k( A~) ~~~ 

;~~~~~~ ( r ) ; D ’ t ’  ~ } ~- - - V
0 

* 
i n  I l f I ) , I )

1’Ittts t I n ’  I i m I t  law of tltt ’ stat 1st I c

1) max(I)
4’
, —I ) ) 

* 
t, ’~ . 11

w h e r e

+ 
[/k 

~~~~
“ 1

= 

U~~t l  ~~~ 

A -i) ;‘(t ( ‘4 . 2 )

a it

- 

Oct ’~I ~ 
A~) 

~ t)] * ( - i , 1)

is t h e ’ I [ml  t law ~‘mt 50111 lv ( I  ) .

0”t’ I

If hl~ , ( . ) I t-i cliose ’n to be e’ I t  lit’ r a norma l 
* 

an t’xpe lue ’nt 1 .11 • c l i

.1 it e’x I re ’me ’ V.1 I t ic d i s  t r I hut  ton , then the’ above’ resu It p 1 us t h e  resu l  I S 01

Set’ t I l I l t  -‘I .  .~ pretv i dt’ u s w I rh ~i mechanism fo r  test  log It y pe ’mt heses about 11(x)

H — 9 — 

—

~~ 
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~, . th I h eist u-at  Lvi’ I- : x~nhij~i_ e’

l o t  ill us t ra t ly e’ p t m t ’p e) se ’s we sfi,u II ,i~’p l v  ou t’ me’ I f i e ld S 1 0 Sou th ’ eL i t . i

~~~ , m , ~~~~t 5 l e ’r . i t i ’d h t f ~’ t t ~st s. l’hie ,;, ’ d a t  a we’re ~m b s t  I - l e t  (‘ ci I rout a te’p( it’ t by

soil ( 1 9 / 0) ,  an t I I t e ’ t ’ I a  l i t  t e l  ( l i e ’ I l t’ e~ m k de wfl I t im ’s c u t  , i i t  i i t s u t . m t  log I humid

su b e ’ c I i’d t e l  .1 VU II .m~~’ s h e ’ to ; . The’ tl,tt ,, .mre pt ’ e ’ Me’ih t i’d In Talt I t ’ S •

Ne’ I soil  . , s s e l m e ’ t ;  t h a t  t h e t at l u r e  d i s t  r E b u t  t e n t  .11 . , 11  s tr e s s  l eve ’l  s

a We ’ I bit I I w i t  it .m t ; c ’~ , I t .  pa raim’ I c~ I de ’  Sc ’ t (heel I’ v t h ’  pitwe ’ r l aw and the

sti .Ipe ’ p.i t ’ai ue’ t e i -  tnv,,r (ant wit h t lte st i 0 ’sS.

We slt.t II app I v  our  me t hods to show t ha t  t he’ f a l l  m i r e ’ d 1st r (but b i t

a I e l I  t re’ss leve I s  con iii a I so hi’ a I ognorin a I • We rm’msrk t hat our d i s —

e m i s s i o n  I s  : i ~ ? ,~ 
- ‘ ; -

‘ e~ ( ~‘‘  , and ( f i a t  we have it o f l a t ;  I s  of tier than Ne I —

scm ’ t’ept I’ t t o  be I I e’vt ’ t l ta t our intt d e’l as dese r (bed In  Se ’c 1 Ion 2 . 1 , and

f* . l !t  t t ’u l a r l v  Equa l len ( 2 .  2 ) .  is va t  Id .

I t  we ~!cnot e ’ f l i t ’  1 oga r i t  bins of t h e  obse rvt ’d I .111 nrc’ I line’s b~’

- I 
* 2 , 1, 4 and 1 1 * 2 , . . . , it , then  0 Itt ’ x can be’ used to

e’t bt  , i I  it th e i e ’ a s l  sqtla r e’s &‘s t l itwit ot’ ot P . ‘l’ht is est  [ma ter  t urned out

t e l  he’ I t .  4 1 2 ;  It compare’s very well wI LIt the est (mater el P ob ta in ed

hv l~’ I Sel l)  * ,iiitl by A I — Khi av va I and Si ngpurw a 11 a (1977 ’) 
* who a l s o  an a ly z e d

t best ’ ditt  ., •

We lie ’ x i  obt a lit I lie t ’mp Ii’ t e a l  dl St r I b u i t  Ion m ut e t (t InS hI~ ( x — l v  ‘)

= 1 • I , ~ * and tlit’n p e i e t l  I htese’ us lu g  Et lua t  Ion ( I . I )  l e t  oht a In II(x’) .

Re ’t ’.i I I  t h i ,it 11(x) is t h e ’ ii i s t r i but fern of t he’ loga r I thins of t h e ’  l a  I i  m ire ’ Ii iRe’s
It  USe ’ t ’ent d I t f e ~~~ • I l l  Fl gure ~~. I we pt’eseit t a ph of elf 11(x) on ot’d Initt’v

g r ,m f I l l  p ; Ipe ’ r * whereas In F I g u r e  5. 2 we ~‘m reseti I a PI tt t elf  11(x )  on flet ruin I

;t r ohi .tb l i l t  v Itape ’r . S ti ’mee th e’ P let lit Figure’ 5. 2 reveals l inear  it ~
‘ We’

.1 re ( emi l  t e ’d to  een f Oct ui- c I li,i t t ind er  the  powt’ t’ law assumpt t on ( tie di s—

r I h u t  Ie *n of fit I I un ’ t I mes .11 usc’ ‘Uittl  i t  I 005 St ress Is a I ogne~rma 1

Ii i  etre le r it ’  cclii f I rm t lit ’ above -onjcc ’ Lure ’ we test ( c i i ’  t h e ’  h vp t i t  hit’s is

hi.tt 11( x) Is a ne )rmtI  I . ‘the’ nt ’cessat’v steps I two lve’ tI lit exet ’u.t log our

t i e ’ , *‘ t h i i l e ’  . i re ’  a~; III I lows.

I— ho —



— ‘-,~ 5- -  - ---~~~ - -~~ ——- - -- ‘ --~~~--‘-——--—- ~ -—-~—,~-—--— ~~~~~~~--‘ - -
~~~

— —~~
-—.-

~— ‘~~~“~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~

‘1 — 3 7 4

I’AI% l ,E . I

013Sf -  R V I : l )  I I  t iES ‘It )  If REAR DOWN , I N
MINu TES OF INSII1,A1’ING FLUJI)

Vt i l t ag t ’  In R I  l o v o u l t s  (Ky )
14 12 30

1 . 97  O. °)6 O. 4 ( )  17.05

0 . 5°) 4 . 1 5  82.85 2 2 . 6 6

2 . 58 0 . l ~ 9 .88 7 1 . 0 2

1.69 0 . 7 8  89.29 175.88

2 . 7 1  8.01. 2 1 5 . l O  139 .07

2 l . ’ O  3 I . 7 ’ ~ 2 . 7 5  1 4 4 . 12

0. 3 1 7. 35 0.79 ~0.46

0 9 ~
) o. S0 I ’ ) . 9 3  4 3 . 4 0

3 , 7 7  1. 91 194.90

1.67 11.91 0 . 2 7  4 7 . 3 0

2 . 0 7  3 0.69 7 . 7 4

O t ) f , 3. l h  100.58

‘ 15 4.85 77 .80

90 7. 78 11 .95

13 .71 4 . 6 7  51 .24 -
‘

1 . 3 1

12 .06

3 6 . 7 1

/2 .8°)

I .  Unde r tI le n u l l  h y p o t he s i s  t ha t  each 11
1

(x )  I s  a norma l ( I . e .  *

11(n) Is a ito r n~t 1) the maximum l i k e l ihood e s t i m a t o r s  of

and ~ * and ~~ * re’s pe eL l vi’ lv , are for 1 , 2 , 1

~j ,f, it ~,n

antI 4: ( .902 , 1.109) , ( 1.786 , 1. 52 5 ) ,  (2 .2 2 8 , 2 .198 ’) , and

( 1.82 1 , 1. 1 1 1) .
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2. For the Jth stress level we compute

x . - Ce
~,i j ,n4

a. Y ~~~~~~~~~~~~~~~~~~~~~~~ l < i s n  ;n
1
1 l - j

* 
0

Y
n ,i

b, H (Y ) f ‘~ 

~~~ ~~~~~ ds * I < I < tioh fl
J
,i _ cX~ p/~~~ 

- -

n

c .  w~~0 (t) 
~~ 

i 
~~~~~~~~~~~~~ ~ t) 

0 ~ t

d. choose .i grid of values O<t , <t
2

, ..., <t < 1 , where

m is Large , and obtain

V
1 11

(t~) = (n~~) 2 ( W ~~ 0 (t ~~) - t~~
)

3 . Repeat Step 2 for all the stress levels j 1 ,2,3,4

4. Compute A , j=l ,2,3,4 .

= 1

5. Compute Z(t~) 

~~ 

A
1
V~~~~(t~) , Q=l ,2,.. . ,m ; Z(t

z
) is

the pooled empirical process at the in grid points.

6. Compute

= 

~~ 
A~) 

Z ( t~~)]

~ m l  ~ A2) Z ( t Q ) ]  * and
O<t~ <1 j—l

D max (D+, - D )

$
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In our par ti cul ar c,ise , I) was computed to he 0.4023; the.’

e’omputat Ion was base’d choosing m 2 0  g r id  points.

7. In  order  to test if I) 0.402 3 is significant at the 95%

ICVe ’ I  e l I  S (gil l 1 lo’.tite ’t’ * we re’ for to the tab 1~ s given by Serfi Ing

and Wood ( 1 9 7 7 )  , From these tables we note that the’ cr1 t i c a l

value  at t l te 95% leve l of stgn i f ic ’ance  Is 0 .835 . Thus , based

on the ’ above an a l y s i s  we have no reason to  r e j ec t  t h e ’  hypothe-

sis tha t  11(x) 
* the d i s t r i b u t i o n  of the l oga r i t hms  of the ’

f . i I  lu re  t ime’s at use’ cond i t ions  stress, is a normal.

We ’ a l s o  t e ’st :e ’d for  the  h t v p o t h t e s i s  t h a t  each h3~ (x ) , .1—1 , 2 , 3 ,4

is , i  m i o r m . i I  . This  can be done’ e a s i l y  by computing

sup (~ , ( t  ) 
*

0~.t ~‘1 \ 1, 11 . ~

D — i n f  f v  , ( t  )
0- - t~~<l ~ 

1 ‘°i ~
. 1 1 1 1 1

D max I) , —I )  , fo r  ,j= 1 , 2 , 3,4n
1 

il
l

‘ f l i t ’ ‘ 
‘- * 1 , 2 • 1 , 4 

* were’ computed to he 0.632 , 0. S25 * 0.434, and

0, t I , ’ • i e ’ H lct’t ively. Once’ .ig,u in , by fol  lowing the  procedure g iven in

~;t 
~~~ 

‘ , we’ have no reason to  r.’l t’c t the nu t  1 h tvp othe si s  t hat  each

hI - 4, \ ) ,i norma l .

— 1 5 —
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