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SUMMALY

"We present a Bayesian anzlysis for accelerated life tests considering @
Weibull distribution for the life times and the power rule model for the
stress-response relation, considering a noninfornative Jeffreys prior density
for the pzrameters. We illustrate the proposed Bayesi-n method concidering a

data set introduced by Nelson (1972)".
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1. INTRODUCTION

Accelerated life tests have becn used for & long time by industrial re
searchers when prcduct lifc under rormal operating conditicrs is very long, but
estimates of length of life ere necdcd in e relatively short time (see for
exemple, Mann, Schafer and Singpurwzlla, 1974; or Nelson, 199C). Llet wus cons i
der T a randor varisble denoting the life time of a device with 8 Weibuell
density,

f(t;2,p) = Ar()t)r_‘ezp{—(kt)p} (1)

where t >0,A,p >0 &nd &scume & stress variable V chenging the scale perametes )
but with common shape paremcter p for €ll stress levels,

Considering k levels of the siress variable V, essune the power  rilde

wodel given by,
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where ie1,2,...,k, 0 >0 &nd ->»<f < gre unknown paraceters. }.‘ith k stress
levels, we sssune & type Il censoring mechenism, thet is, thc experiment terod
nates when we observe T failures for each level i of stress. Thus, with n;
units at the beginning of each test with stress \‘i. we have' the ordered uncenso
red observations given by tli'tzi"""rii and n; -1, censored observations
equal to L i-1,2.....,k.

i
Considering the data of k stress levels \P’,Vz,....\'k taken @&t randem,

the likelihood function for a, B and p is given by

r k Epr,
L(a,B,p) = ";7‘ nv. )
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2. A BAYESIAN AXNALYSI1S ASSWNIKT &, £ ARD p UNNOWN

The pricy censity for a, £ &nd p can he vritten in the forrm T(u,B,;) =

= ﬂ(o,ﬁlp)ﬂo(p). Using the Jeffreys meltiperameter rule (seec for exemple, Qox

and Tiao, 1973), thct is, ﬂ(u,E'p) a{dct Jp(o,f)]”2

, vhere ]r(o,f») is the
Fisher informasticn mztrix given p, ané & locally uniforw prior for £n g (thur,
'no(p) ﬂp", p: 0), wc concider the neninformetive prior fcr a, £ and p giver ty

T'(O’bol‘) e p/e, -x<f<e«, a,p>0. (£)

The joint posterior density for a, B end p is given by,
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x exp{ -;; iftvi Ai(p)} (5)

where - <f <e« and a,p>0.
An epproxinate merginal po.terior density for p, ueing the Laplece's

method for spproximation of integrals (see for exemple, Tierncy and Kadene,

N

1986; or Kass, Tierney and Kadasne, 1990), is given by
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where p>0 and £ is given by

X (prﬂ)'l.(\‘i) (In\’i)Ai(p)
Ir.fov, = i=1
jey ¥ 3 LN . ’
p ("i) A.(p)
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We 210 ccn use Ge¢ Leplace's method to find the merginal posterior deisl
ties for o znc¢ f.

Usuzliy, industrial resczrchers have Irnterest to obtzin inferences on
the mean lifv time uncder the norm:zl use stress level v, given by €‘=T(141/p)/}.1,
vhere A;’ -u/\lf. Considering the transformation of varistles 61 :n.l'(h?/p),’\';,
B=f and pe=, vc obtain from (5): the joint posterior density for E‘i. f anc .
Using the Leplecc's mothod, we fird an eppredizate joint merginal posterior éen
sity for ¢, erd p given by
(-1/2) v T,

(- = t’:-') X
v, . 33
3=l 3=1 °°

p i1/
v {r=-1/70)+1
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vhere 8 is given by
o, _ & k v, Bp v,
(m)(if,'i‘“vi"hvi) . iflAi(p)(W) ln(v—‘).

end 6., p>0.

‘0

3. AN EXAMPLE

Consider the data of Table | representing the times of breakdown of an
insulating fluid subject to various constant elevated test voltages (data given
in Nelson, 1972). Elevated test voltages were employed to save time in collec
ting the breakdown &ata and the work was carried out in & laboratory with 8
pair of parallel plate electrodes of a certain area and separation. The electri
cal stress is reported as a voltage.

Assuming an Weibull distribution with density (1) for the life data of
Table 1, and the power rule model (2), we have in Figure 1 the graph of the
approximate marginal posterior density for p given in (6). The mode of the
marginal posterior density for p is given by p=0.86. A 95Z HPD interval for
p is given by (0.74; 0.99). 1In Figure 2, we have contour plots for the joint

marginal posterior density for £np and lne1 obtained from (7). ,
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BREAKDOWN  TiMES (1};)

' 26 3 679, 1570.52, £323.70
2 28 s 60.65, 108.29, 110.29, €26.07, 1067.60
s 30" " 774, I7.05, 20.46, 2102, £2.66, 43.40, 4130, (39.07,
14442, 17588, 19490
Py se s 0.27, 040, 069, O79, 275, 36I, 988, 1395, 593,
2760, 53.24, 8283, £9.29, 10058, PRIS.10
s 34 19 0i9, 078, 096, 13!, 276, 316, 415, 467, «.65,
650, 735, 801, 827, 1200, 3.75, 3232, 33.9I,
367, r2.89
6 36 15 - 035, 0S89, 096, 099, 189, 197, 207, £5%8, 2.7I,
290, 367, 399, 835, 377, 8550
14 36 e 00%, 039, 047, 073, 0.74, Li3, 140, .36
TABLE 1~ Breakdown Times in Minutes for Insulating Fluids.
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Figure 2 : Margina!

Posterior Density for In© and Inp.
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