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SUMMARY

"we present a Bayesian analysis for accelerated life tests considering a
Weibull diStribution for the life times and the power rule model for the
stress-response relation, considering a noninformative Jeffreys prior density
for the parameters. We illustrate the preposed Bayesien method considering a

'

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

Accelerated life tests have been used for a long time by industrial re
searchers when preduct life under normal Operating conditions is very long, but

estimates of length of life are needed in a relatively short time (see for

exemple, Mann, Schafer and Singnurvslla, 1974; or Nelson, 1990). lAn us consi
der T a random variable denoting the life time of a device with a Ueibell

density,

um”) e Ap(>.z)""ez;p{-(M)P} (1)

where t >0,}.,p >0 and assume s. stress variable V changing, the scale psi-amen r l.

but with common shape paramcter p for ell stress levels.’

Considering k levels of the stress variable V, assume the power rule

model given by,
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where i-‘l,2.....k. a >0 and -w<£<~ are unknown parameters. flith k stress
levels. we assume a type II censoring mechanism. that is, the experiment tcrni
nates when we observe ri failures for each level i of stress. Thus, with n;
units at the beginning of each test with stress Vi, we have‘the ordered uncensg

red observations given by t .,t ......t . and n.-r. censored observations11 21 til i 1

rs: .

Considering the data of k stress levels Vt’VZ""’Vk taken at random,

the likelihood function for a. B and p is given by
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2. A BAYESIAK ANALYSIS ASSUMIKC o, E- AND p UNUIOEII:

The prior density for o, B and p can be written in thc form t(u,8,;? =

c n(o,Blp)no(p). Using the Jeffreys nultiperameter rule (see for example, Lea

and Tiao, 1973), that is, n(o,6'p)¢l{dct lp(o,f)}1/2 s V‘ht'l‘i- 1r(0,£) is the

Fisher information matrix giVen p, and a locally uniforn.prior for £n F (thvf,
nO(P)pr‘1, p: 0). we consider the noninfornetive prior icr o, E and p given r;

“(0,6970 ° P/Ca ’“<e(“o 09P>0' U”)

The joint posterior density for o, B and p is given y,

r41 k Bpr. k ri
n(o,6,p1dste) a -£1—T( n v. z)( n r tgfi) x

upH i=1 i=‘ 5“ J
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where —¢ <30r and mp >0.

An approxinmte nzrginal posterior density for p, using the Laplace's
method for approximation of integrals (see for example, Tierney and Radane,

\1986; or Kass. Tierney and Radane. 1990), is given by
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where p >0 and P- is given by
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We also can use de Lsplace's method to find the marginal posterior dersi
ties for o and 6.

Usually, industrial researchers have interest to obtain inferences on

the mean life time. under the normal use stress level V, given by e1=r(m/p),';.1,
where A? nun/V2. Considering the transformation of variables 61:0?(1+1,’p),’\‘:,

8-8 and pep, we obtain from (5); the joint posterior drnsity for 61‘, f: and p.
Using the Laplacc's method, we find an approximate join“. marginal posterior é¢_r_z_

city for £31 and p given by
V

rr. n(r-1/2) I: i ,. TU 1/0)? -‘n(€1,p|cate) 0‘ P ‘ :_(r;1l....)n f.” r tgi') x
,
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3. AN EXAMPLE

Consider the data of Table I 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 colleg
ting the breakdown data and the work was carried out in a laboratory with a

pair of parallel plate electrodes of a certain area and separation. The electri
cal stress is reported as a voltage.

Assuming an Ueibull 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 his given by §-0.86. A 95% HPD interval for
p is given by (0.74; 0.99). In Figure 2. we have contour plots for the joint
marginal posterior density for £np and £ne‘ obtained from (7). ,
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26 3 6.79. 8579.62. 2323.70
26 6 66.65. 006.29. "0.29. 426.07. 0067.60
30' N 7.74. ".06. 20.46. 80.02. 22.66. 43.40. 47.30. 189.07.

U44J2. "6.66. 304.90
82 ' 5 0.17. 0.40 p 0.69 p O.’.. '.75 g 3..‘. 9.00. ”.05. .5.93 .

27.60. 63.24. 02.65. 69.29. 000.56. 2‘5JO
34 '9 0.09. 0.76. 0.06. I.3l. 2.76. 3J6. 415. 4.67. 4.66.

650. 7.36. 0.0l. 0.27. l2.00. ”.76. 3252. 33.”.
86.". 72.09

36 '5 ' 035. 0059' O.’6. 0.09. ..89. L”, 2.07. 258 g 2.7. '
290. 3.67. 3.99. 6.35. l3.77. 25.50

38 6 0.09. 0.39. 0.47. 0.73. 0.74. “3. 0.40. 2.36

TABLE 1- Breokdown Times in Minutes for tnsutoting Ftuids.
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Figure 1 : Marginal Posterior Density for p
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Figure 2: Morg'nol Posterior Density for In 9, and in p.
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