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Abstract: Based on progressive first-failure censoring, step-sfradsally accelerated life tests are considered when thértie of
a product follows Weibull distribution. The maximum liketiod estimates (MLEs) are obtained for the distributiorapeaters and
the acceleration factor. In addition, asymptotic variaand covariance matrix of the estimators are given. Furtbegnconfidence
intervals of the estimators are presented. The optimadstikange time for the step-stress partially acceleréeeteBt is determined
by minimizing the asymptotic variance of MLEs of the modelgraeters and the acceleration factor. Simulation restdtsarried out
to study the precision of the MLEs for the parameters invablve
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1 Introduction

In reliability analysis, it is not easy to collect lifetimes highly reliable products with very long lifetimes sinoery few

or even no failures may occur within a limited testing timelennormal operating conditions. To obtain failures qujckl
an accelerated life test (ALT) or partially accelerated tést (PALT) is often used. If all test units are subjectekigier
than usual stress levels, then the test is called ALT. Butliy some of them are run under severe condition then the test
is called PALT. The information obtained from the test parfed in the accelerated or partially accelerated envirerime
is used to estimate the failure behavior of the units undenabconditions. The stress loading in an ALT can be applied
in different ways. Commonly used methods are constanssted step-stress. Nelsdr§] discussed the advantages and
disadvantages of each of such methods.

In constant-stress ALTS, each unit is run at constant higgsstuntil either failure occurs or the test is terminated. |
step-stress ALTs, the stress on each unit is not constans lntreased step by step at prespecified times or upon the
occurrence of a fixed number of failures. When a test involweslevels of stress with the first one as the normal one
and has a fixed time point for changing stress referred to tepassress partially ALT (SSPALT).

Partially accelerated life tests (PALTS) studied undep-stieess scheme by several authors, for example, see gpel [
DeGroot and Goel7], Bhattacharyya and Soejoeé][ Bai and ChungZ], Bai, Chung and Chun3], Abdel-Ghani [],
Ismail and Sarhanl0] and Ismail and Aly 9.

In ALTs or PALTS, tests are often stopped before all unitk fetie estimate from the censored data is less accurate than
those from complete data. However, this is more than offgdhb reduced test time and expense. The most common
censoring schemes is type-Il censoring. Considenits placed on life test the experimenter terminates tipeément
after a prespecified number of units< n fail. In this scenario, only the smallest lifetimes are aked. Conventional
type-Il censoring schemes do not allow removal of units ahtgoother than the terminal point of the experiment. A
generalization of type-Il censoring is the progressiveetyipcensoring. It is a method which enables an efficient
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exploitation of the available resources by continual reah@f a prespecified number of surviving test units at each
failure time. On other hand, the removal of units beforeuf@lmay be intentional to save time and cost or when some
items have to be removed for use in another experiment. Antesxecount on progressive censoring schemes can be
found in the book by Balakrishnan and Aggarwalh Balasooriya §] indicated that in a situation where the lifetime of

a product is quite high and test facilities are scarce buinteserial is relatively cheap, one can tkst n units by testing

n sets, each containirigunits. The life test is then conducted by testing each ofelsess of units separately until the
occurrence of first failure in each set. Such a censoringnsehis called a first-failure censoring scheme. Note that a
first-failure censoring scheme is terminated when the faibtife in each set is observed. If an experimenter desires to
remove some sets of test units before observing the firstréglin these sets, the above described scheme will not be of
use to the experimenter. The first-failure censoring doéslfmw for sets to be removed from the test at the points other
than the final termination point. However, this allowancd b& desirable when some sets of the surviving units in the
experiment that are removed early can be used for some etter As in the case of accidental breakage of experimental
units or loss of contact with individuals under study, theslof test units at points other than the termination point ma
also be unavoidable. This paper considers a generalizetbirg scheme which is progressive first-failure censating
save more time and cost associated with testing. It allowsdme sets of the surviving units to be removed from the test
at each failure time. This type of censoring will be desatibethe next section.

The paper is organized as follows: in section 2, the progre§sst-failure censoring scheme is described. In se@iamn
description of the model, test procedure and its assungptom presented. In section 4, the MLEs of the SSPALT model
parameters are derived and the asymptotic confidence bdontise model parameters are constructed based on the
asymptotic distribution of MLESs. In section 5, estimatidhoptimal stress change time is obtained. Section 6, costain
the simulation results. Conclusion is made in section 7.

2 A progressive first-failure censoring scheme

In this section, first-failure censoring is combined witlogressive censoring scheme as in Wu and Kt [Suppose
thatn independent groups witk items within each group are put on a life teR{. groups and the group in which the
first failure is observed are randomly removed from the testan as the first failurg | has occurredR, groups
and the group in which the second failure is observed areorahydremoved from the test as soon as the second failure

YzR;m,n,k has occurred, and finally when theth failureYanmmk is observed, the remaining grougs (m < n) are removed

from the test. TheN . < Y&k < - < Yimnk are called progressively first-failure censored ordetsstes with the
progressive censored schefRe- (R, Ry, ...,Rm). Itis clear than = m-+ S, R. If the failure times of then x k items
originally in the test are from a continuous population wdiktribution functionF (y) and probability density function

f(y), the joint probability density function foff, ., Yo ni - Ymmnk iS given by Wu and Kuslg] as follows:

m K(R+1)—1
fl,Z,...,m(yimymkayg;mynvka ~"7y§;m,n,k) =AK" rl f (yil?m7n7k) [1 - F(yil?mmk)} ) (1)
i=

R R
0< Y?;m,n,k < y2;m,n,k <...< ym;m,n,k < o,

where

A= n(n—Rl—l)(n—Rl—Rz—Z) (n—Rl—Rz—...—Rm,l—m—kl).

This censoring scheme has advantages in terms of redusintgjnes, in which more items are used but ontyof n x k
items are failures. Note that using the above notation, samsoring rules can be accommodated such as the firstefailur
censored order statistics whéd= (0,0, ...,0), a progressive type-Il censored order statistics wheril, a usual type-II
censored order statistics whi&r= 1 andR = (0,0,...,n—m), and complete sample casekit= 1 andR = (0,0, ...,0),

with n = m. Also, it should be noted that the progressive first-failoeasored sampley Y oo YR With
distribution functionF(y), can be viewed as a progressive type-Il censored sampledrpapulation with distribution
function 1— (1 —F(y))X.
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3 Model description
3.1 Weibull distribution

Assume that the random variabferepresenting the lifetime of a product has Weibull disttida with shape and scale
parameters ag andA respectively. So, the probability density functigued f) of Y is

-1 a
fy)=2(%)" e, y>0a>01>0 ®)

Weibull distribution is one of the most common distributsomhich are used to analyze several lifetime data. Its hazard
function can be increasing, decreasing and constant deyeon the value of the shape parameter.
The distribution function of the Weibull distribution iswvgin by:

F(y)=1—e /A7 €)

and the corresponding failure rate function is given by:

)= 5 (3)" @

><

3.2 Assumptions and test procedure

The following assumptions are used throughout the papé&eiframework of SSPALT:

1.nidentical and independent groups wilitems within each group are put on a life test.

2.The lifetime of each unit has Weibull distribution.

3.The test is terminated at theth failure, wheremis prefixed(m < n).

4.Each of then x k units is first run under normal use condition. If it does ndtdaremove from the test by a prespecified
time 1, it is put under accelerated condition.

5.At thei-th failure a random number of the surviving groupsi = 1,2,....m—1, and the group in which the failure

YR .k has occurred are randomly selected and removed from theFiestly, at them-th failure the remaining

surviving groupfm, =n—m— zi”jll R are all removed from the test and the test is terminated.
6.Letn; be the number of failures before tinteat normal condition, and, be the number of failures after tinteat
stress condition, with these notations the observed pssiyefirst-failure censored data are

R
y?;m,n,k < .. < ynl;m7n7k <T< y§1+1;m,n,k <..< yﬁw;mmkv
whereR= (Ry,Rz,...,Rn) andS™ ;R =n—m.

7.The tampered random variable (TRV) model holds. It wappsed by DeGroot and Goél|[ According to tampered
random variable model the lifetime of a unit under SSPALT lbanvritten as:

T, if T<rt,
Y= (5)

T+(T—1)/B, iIf T>T1.
WhereT is the lifetime of the unit under normal conditionis the stress change time afids the acceleration factor
(B>1).
8.From the (TRV) model ing), thepdf of Y under SSPALT can be given by:

0, y <0,
—a ¥\l —(y/A)e
f(y) = fl(Y)—%(x) e /A7 0<y<r, (6)

foly) = B¢ (B0

Where f1(y) as given in equation2j and f,(y) is obtained by the transformation variable technique bpgii(y)
and the model ing).

a—1e7(ﬂ<yfr)+r)"’ rey<w
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4 Parameters estimation

The idea behind maximum likelihood parameter estimatido @etermine the parameters that maximize the probability
(likelihood) of the sample data. From a statistical pointvigw, the method of maximum likelihood is considered to
be more robust and yields estimators with good statisticgppgrties. In other words, maximum likelihood methods are
versatile and apply to most models and to different typestd.dn addition, they provide efficient methods for quaftif
uncertainty through confidence bounds. Although the meadloggy for maximum likelihood estimation is simple, the
implementation is mathematically intense. Using todaysmater power, however, mathematical complexity is not a big
obstacle. Since these estimators do not always exist iedlfmsm, numerical techniques are used to compute them such
as Newton Raphson.

This section discusses the process of obtaining point aledved estimations of the parametersA and 8 based on
progressive first-failure censored data under SSPALT.

4.1 Point estimation

In this subsection, the maximum likelihood estimators efrtiodel parameters are obtained. y;et yﬁmmk’ i=1,2,...m
be the observed values of the lifetiffeobtained from a progressive first-failure censoring schamer SSPALT, with
censored schen® = (R, Ry, ...,Rm). Then the maximum likelihood function of the observatigns< ... <yn, < T <
Yng+1 < ... < Ym, takes the following form

L(a,A,m:Akm_ﬁf1<yi>[1—F1<yi>1k<F*“>l [ fa) (2 —Faly) KR, ()

i=n;+1

whereAis given by (). From ) in (7), we get

(g yiya-1 o
a2 () e kR /)
L(a,A,B) = AK u{/\ (A) e }x

m a-1 . a (8)
Ba (Byi—T)+T k(R 1) (25
|'| — | e A .
i=np+1 A A
The log-likelihood function may then be written as:
{(a,A,B) =logAK™ +mloga — a mlogA + (m—ng)logB + (o — 1) 'i(Ri +1)y*
m m - ©)
H@-1) Y 0By -1 4T e > RADBo-T) T
i=n+1 i=n+1
and thus we have the likelihood equationsdiorA andf respectively as:
w = g —mlogA + _lelogyi — )\La le(R; +1)y{ logy; + "'E—SA le(R; +1)y]
£3 logly -0+ S S (R0 1) 1" (10)
i=np+1 i=n+1
9 S (R BY—1)+ 1 oglBY 1)+ 7],
i=n+1
) S e S RO 50 3 R DB+ 1 a1
i= 1=n1+
o@Ap) (m-n) D (1) ka I
g - B (a 1)i:n1+l Byi—0 17 Aa i:gﬂ(a +D - By —1)+T]7 . (12)

Now, we have a system of three nonlinear equations in threeawnsa, A andp. Itis clear that a closed form solution is
very difficult to obtain. Therefore, an iterative procedsueh as Newton Raphson can be used to find a numerical solution
of the above nonlinear system.
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4.2 Interval estimation
In this subsection, the approximate confidence intervalghef parameters are derived based on the asymptotic

distributions of the MLEs of the elements of the vector of mown parameter® = (a,A,B). It is known that the
asymptotic distribution of the MLEs @ is given by Miller [12].

((6=a)A=2).B-B)) ~ N1 ¥a,).B)).

wherel ~1(a, A, B) is the variance-covariance matrix of the unknown pararsées (a,A,B). The elements of the:33
matrix| 1, lij(a,A,B),i,j =1,2,3; can be approximated by (&, A, 8), where

|--(A)__@| .
06 00,00

from equation9), we get the following

2 _ ng ny 2
et = 57 e (R Dy logy?+ 250 5 (R -+ 1y logy — <0
S RHDF 5z 5 (R+DIB0:~1)+ 1 log B0y~ 1)+ 1)
i= 1I=n1+
m (13)
T S REDIBY - 1)1 loglB(y 1) 1) 5 (092
1I=N1+
< S REDBOI-T) 17,
i=n+1
2 n
T = 5~ S 3 Ry — LD R 1) By 1)+ 1) (1)
2 _ o m
- KD S R+ 1B+
i=n;+1
m 2 (15)
_ (a o 1) (yl - T)
2B+
2 ng ny
%éf\) == ;‘Jr % _;(Ra +1)y{"logyi — % ;(Fﬁ + 1)y
e 3 (R DN g (1=alogh) 5 (R-+1)[By—1)+1)° 16)
i= =N+
S (R+DIBY -1+ Tlog[Bly— 1)+ 1)
i=n+1
2 m . _ m
e = 2 At S R+ DM DBm -7+
|:n|1(;1 . i=n1+1 (17)
—5a 2 REDE-DBY—1)+ 7% Yog [B(yi — ) + 1],
i=n1+1
and 0%((0 ka? m
Tog = jer > RHDM- DB — D+ T (19)

i=n;+1
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4.2.1 Approximate confidence intervals

For large value of effective sample size the approximate 10QL — y)% two sided confidence intervals far, A andf3
are respectively given by

a,a|=|a+z y |1—11(a)_, (19)
A A :_}\izl_y |2—21(A)_, (20)
B.B|=| Bxz_y\/I5(B) |. (21)

WhereZ, is the 100 — th percentile of a standard normal distribution.

The problem with applying normal approximation of the MLEtisat when the sample size is small, the normal
approximation may be poor. However, a different transfaromaof the MLE can be used to correct the inadequate
performance of the normal approximation. Since the pararsetf interesta, A and 3 are positive parameters,
log-transformation can be considered. Based on the norpmbaimation of the log-transformed MLE (Meeker and
Escobar 11]), the approximate 10QL — y)% confidence interval fo, A andf3 are respectively given by

5 Zi_ o/ 17(8)
~ a N 1-y/2 11
a,a| = ,aep| —————1 | (22)
exp <Zly/2\a/|111(5’)> ( a )
- 3 . Z1 o\ /1A

A

exp <_21V/2 V '111(;\)> A

_ B o [z 1B
B = B —_— = . 24
[9 B] exp</m> g ex"( 5 (24

B

5 Estimation of optimal stress change time

In this section, the optimal change stress timeés found by minimizing the asymptotic variance of MLEs of thedel
parameters and the acceleration factor. The asymptotana ofd, A andg is given by the diagonal entries of the inverse
of the Fisher information matrix. FindMinimum option of Mrematica 7 is used to find the tinté& which minimize the
asymptotic variance of MLEs of the model parameters and tieelaration factor. Assume that the true values of the
population parameters and the acceleration factooate0.4, A = 0.7 andp = 1.2, then fork =2, n=25 m= 10 and
C.SlI, the optimal value of is obtained by using FindMinimum option of Mathematica 77is= 1.1261

6 Simulation studies

In this section, simulation studies are conducted to ingatd the performances of the maximum likelihood estingator
(MLESs) in terms of their biases and mean square errors (M&Egjifferent choices oh, m, k andt values. Also, the
99% and 95% asymptotic confidence intervals based on thepstimdistribution of the MLEs are computed.

Three progressive censoring schemes are considered:

schemel : Ry =n—-mR,=0,....Rpn=0,
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schemell : Ri=0,R,=0,....Rn=n—-m,

Roa=n-mR=0 Vi if modd
schemel Il :

R%:n—m,R;:OVi;A%‘, if m even.
The estimation procedure is performed according to thevigiig algorithm:

1.Specify the values af, m, k andT.

2.Specify the values of the parameters andf.

3.Generate a random sample of size k from the random variabl¥ given by equationg) and sort it. The Weibull
random variable can be easily generated. For example répresents a uniform random variable frg@nl], then
Y = —A[In(1—U)]¥? has Weibull distribution withpdf given by equation) if y < 1. But if y > T thenY =

7 4+ AUt o Weibull distribution withpd f given by equation@).

4.Use the model given by equatids) (0 generate progressively first-failure censored datgit@nn, m, the set of data
can be considered: .
y?;m,n,k < ..o < ynl;m,n,k <T< y§1+l;m,n,k <...< yﬁ;m,n,kv

whereR= (Ry,Ry,...,Rm) andy" R =n—m.

5.Use the progressive first failure censored data to conthatbLEs of the model parameters. The Newton Raphson
method is applied for solving the nonlinear system to obttaénMLEs of the parameters.

6.Replicate the steps-35, 1000 times.

7.Compute the average values of biases and the mean squoasgBISES) associated with the MLEs of the parameters.

8.Estimate the asymptotic variances of the estimators afelmarameters.

9.Compute the approximate confidence bounds with confidiewets 95% and 99% for the three parameters of the
model.

10.Steps 1-9 are done with different valuesiof, k andr.

Table 1
Average values of the biases of MLES of the parameters, theceted MSEs and the associated approximate confidererealst
based on 1000 simulations, when population parametersesaiu= 0.4, A = 0.7, B = 1.2 and stress change timme= 2.

k n m CS Biasofda MSEofd BiasofA MSEofA Biasoff MSEof 99% Clofd 95% Clofd@ 99% ClofA  95% ClofA  99% Clof3  95% Cl of B

1 25 15 | 0.2190 00480 04998 02498 01116 00191 03241.179 03791.011 0654,2.113 Q07791.846 (04833558 06132.803
1 0.1205 00344 04279 02471 —0.0764 01885 0197,1.370 02491.087 0502 2.395 06342.000 02854.426 03953.190
11 0.1885 00386 04806 02360 —0.0757 00395 02921.183 03451.001 0617,2.164 07441.872 04382883 05482302

50 20 | 0.0157 00112 01332 00774 00490 00102 0107,1.612 01481.166 0206,3.069 03082.248 Q4473487 05712729
1 —0.1071 00158 03733 01467 01923 01112 01310.651 01590.538 0648 1.717 Q07501535 07262669 08482285
11 —0.0525 00056 00504 00371 01939 00384 01061.131 0141.0.853 02052510 02991.881 08752219 09781.986

75 30 | 0.0274 00078 01179 00392 00480 00084 0014,0.869 Q0090.0.764 00161.618 02081.427 Q02452250 04852010
1 —0.0884 00107 03106 01062 01617 00297 0065 0.558 0123 0.499 0421, 1.599 05621458 05412182 (0737,1.986
11 —0.0536 00054 00406 00327 01847 00343 —0.0760.768 00240.667 -0.1911.673 00301450 08341935 09651.803

40 | 0.0499 00025 01098 00120 —0.0214 00016 0199,0.700 02590.640 03311.288 04451174 0350200 05481.808
1 —0.0618 00058 02080 00560 01567 00257 0190,0.485 02250.450 0723 1.092 Q0767,1.048 05882125 (07711941
11 0.0326 00020 01096 00120 00273 00076 00850.779 0168 0.696 01481471 03061.313 02032251 Q4472.006

50 | 0.0437 00019 01080 00116 00104 00005 0264.0.623 Q0307.0.580 04021.213 04991116 05111909 06781.742
1 —0.0254 00020 01032 00202 01171 00229 0176,0.572 0224,0.524 0592 1.013 06430.963 02452389 0501,2.133
11 0.0389 00015 00978 00096 —0.0129 00012 0192 0.685 0251 0.626 0308 1.286 04251169 02112162 04441.929

2 25 10 | —0.1984 00399 02202 00805 11431 13207 0040,1.007 0059.0.686 Q01714.412 02793.034 0817,6.717 10515.223
1 —0.0468 00035 02950 00883 00027 01088 0166,0.748 01990.625 0588 1.624 06851444 Q4803007 05982416
11 —0.1806 00344 02144 00610 12128 15402 0189,0.253 0196,0.245 0377,2.090 0487,1.715 09016.455 11405.103

20 | —0.1103 00172 00929 00700 04978 02722 00481.723 Q00741.125 00856.323 01633.851 06054.764 Q7713.723
1 —0.0685 00063 02810 00862 03542 01795 0129,0.848 01620.677 0454.2.014 0567,1.696 Q0790,3.056 09282.600
11 —0.1093 00146 01648 00689 05328 02951 00551.536 0081 1.032 01155.661 02063.614 06904.348 0860 3.490

7 Conclusion

Censoring is a common phenomenon in life testing and rdiljatsitudies. The subject of progressive censoring has
received considerable attention in the past few years, mpeauit to the availability of high speed computing resources
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Table 1 (continued)

k n m CS Biasofda MSEofd BiasofA MSEofA Biasof MSEof 99% Clofa 95% Clofd@ 99% ClofA 95% ClofA  99% Clof  95% Cl of 8
2 50 30 |  —01411 00256 00186 00653 04746 02277 00360480 Q0890427 Q0621374 02191217 06702678 09102438
Il —0.0533 00036 02914 00857 02614 01180 02250467 02540439 07941187 08411140 10281.894 11311791
Il -01047 00121 01333 00431 05208 02721 00920498 01400449 03071359 04321233 08262615 10392401
35 | —01239 00198 00358 00519 04570 02138 00020554 Q0640488 00751547 01181353 09882325 11482.165
Il —00515 00032 02916 00885 02852 01179 02660430 02860410 06681314 07451237 13871582 14101559
Il —00971 00101 01284 00342 04836 02351 00530552 Q1120492 Q1561500 03161340 11612205 12862.080
75 40 1 —01120 00142 00120 00193 03999 01599 01140461 Q1550420 03041119 Q4011022 Q07382461 09442255
Il —0.0480 00024 02975 00887 02417 00971 01830520 02230480 06771318 07531241 08772006 10121.871
Il —01045 00111 00395 00040 04700 02209 01450445 Q1810409 03861092 04701008 07832556 0995 2.344
50 |  —00634 00050 —00072 00105 01995 00398 00640608 01290543 Q1441240 02751109 (7822016 09291.869
Il —0.0329 00011 01144 00181 01954 00385 02230511 0257,0.476 05911036 06440.983 09601.830 10641.726
Il —01066 00121 00065 00079 03996 01597 01260460 01660420 02921120 03911021 08692329 10432155
60 1 —00502 00031 00182 00087 01901 00363 01370562 01880511 02861149 03891046 11971583 12431537
Il —0.0295 00009 00806 00106 01884 00356 02380502 02690471 06020958 06450915 11851590 12751.501
Il —00930 00096 —00108 00071 03599 01319 01300483 Q1720441 02651112 03651011 10782040 11931.926
Table 2

Average values

of the biases of MLES of the parameters, thaeceged MSEs and the associated approximate confiderewals
based on 1000 simulations, when population parameterssaiu= 0.4, A = 0.7, B = 1.2 and stress change timme= 3.5.

k n m CS Biasofa MSEofad BiasofA MSEofA Biasof3 MSEoff 99% Clofd@ 95%Clofa@  99% ClofA  95% ClofA  99% Clof  95% Cl of B
1 25 15 | 00518 00130 02158 00801 _ 02066 Q0767 01991024 02420842 03262398 04401905 05693474 Q7062799
I —00678 00114 02934 01514 04871 02910 01260868  01590.690 02533562 03752625 06324499  07993.559
Il 00876 00175 01673 00808 05231 02965 01080901 01390699 Q1723924 02742736 06954266 08643435
50 20 1 —00167 00028 00173 00184 01033 00106 01291131 01680873 Q1902477 02791842 06702532 07862160
Il 00151 00019 03061 01122 -03422 01263 02680641 02980577 Q8941122 09251093 06251175  Q6741.090
I 00182 00017 02726 00783 02544 01080 02090835 02460708 05191748 06221519 10102093 11021918
75 30 1 00269 00016  —0.0102 00057 0102 00104 00560680 (01320613 00171361 Q1781201 05412062 07231880
I 00130 00010 02769 00805 —0.2993 01023 02490576 02880537 Q7761177 08241129 06801120 Q7331.068
I 0.0088 00007 01814 00469 01649 00313 00260844 Q0770740 01171880 01201642 11071621 11681559
75 40 1 00232 00009 00612 00054  —00015 00012 04131259 —02131060 -00082430 —05092031 02952101 05101886
I —00024 00006 01982 00395 —0.1484 00372  01690.625 02230571 04531342 05601236 03981704 05541548
Il —0.0240 00030 —00431 00136 00520 00088  03260.960 04010884 15552784  17022.637  0087,3.387 04812993
50 1 00202 00004 00580 00033 00065 000008  O00R 1615 01851421 Q4374647 09394144 02722926 01092544
I —00067 00003 01764 00337 00293 00114 10121270 10421240 21922839 22692762 08391670 Q9381571
I 00312 00010 00979 00095 00054 Q0007  Q00060.752  Q0890.662 —0.177,1491 Q0211292 Q7291774 08541649
2 25 10 | 00445 00023 03477 01210 04259 01957 02260873 02650743 05871799 06941581 06074351 Q7683439
Il 00527 00039 03465 01319 -0.3064 01419 02540805 02910702 06491633 07451468 03762119 04631724
I 00747 00056 03998 01598 02414 00999  02700.832 03090728 07141642 08091492 06293300 0767,2.707
20 1 00174 00022 02986 00929 02526 01292 00881963 01281356 01974542 (03153163  05443.871 (6883063
Il 004247 00024 03165 01006 —0.1696 00612 02390818 02760706 06301587 07231427 06181716 06981519
Il 00430 00023 03161 01001 00586 00516 01631202 02070947 03872502 05112017 06422464 07542.098
50 30 1 00077 00004 02097 00499 02953 Q0879 01550659 02160599 03661453 04961323 06502339 08522137
I 00440 00021 02993 00897 —0.2082 00648 02110676 02660621 05441454 06531345 05861396 0683 1.300
I 00448 00021 02745 00780 01356 00258 01590729  0227,0661 03921556 05311417 06472023 08121859
35 1 00081 00004 01967 00398 02458 (00686 01140702 01840631 02511541 04051387 089419097 10231865
I 00310 00010 02099 00440 —0.1320 00278 02660595 03050556 06421177 Q7061113 09141221 Q9511184
I 00428 00019 02610 00688 00792 Q0155 01420743 02140671 03441578 04911430 09811576 10521505
75 40 1 00031 000007 01379 00198 02286 00523 02340571 02740531 05071168 05861089 06962161  087/11.986
Il 00298 00010 01954 00404 -01496 00330 03000558 03310528 06881102 07371053 06591441 Q7521348
I 00243 00007 01483 00252 00923 Q0092 02700578 03060541 05591136  06281.067 06951889 08381746
50 1 —00i66 00003 00746 _ 00067 01999 00399 01940572 02390527 Q3711177 04681081 Q7442054 (9011898
I 00291 00008 02000 00400 00684 00120 02830574 03180539 06511148 07101089 08631399 09271335
I 0.0098 00001 00987 00106 00939 00090 02310588 02730545 04411155  0527,1.070 07681819 0891693
80 1 00054 000008 00392 _ 00017 _ 00800 00070 01940594 02420547 03251152 04241054 09241635 10091550
I 00068 000004 004500 00020 —0.0082 00002 02930519 03200492 05760913 06160873 10641318  10951.288
Il 00052 000004 00582 00034 00467 00028 01690640 02260584 02671249 03841132 08441647 Q9401551

which makes it both a feasible topic for simulation studiesresearchers and a feasible method of gathering lifetime
data for practitioners. It has been illustrated by Vivernd Balakrishnani4] that the inference is feasible and practical
when the sample data are gathered according to a type-ltgssigely censored experimental scheme. Balasodbiya [
indicated that in a situation where the lifetime of a prodaajuite high and test facilities are scarce but test mdtisria
relatively cheap, one can tdsi n units by testing n sets, each containing k units. Such a cergsscheme is called a
first-failure censoring scheme. Wu and Kukb|[ combined the first-failure censoring with progressive sming to
develop a new life test plan called a progressive first-faitensoring plan.
In this paper, we considered the classical inference prgeeibr the unknown parameters of the Weibull distribution
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(a,A) and the acceleration factdf}) when the data are progressive first-failure censored fr@p-stress partially
accelerated life tests. It is observed that the maximuntiiked estimators can not be obtained in closed form and we
proposed to use the Newton Raphson as an iterative methamripute them. The approximate confidence intervals of
the model parameters are also constructed. The calcuatimmworked out based on different sample sizes k),
different stress change time) and three different progressive censoring schethed, I111). The performances of the
estimators are investigated by Monte Carlo simulationsiaislobserved that they are quite satisfactory. The results
shown that the MSEs of the three gstimatﬁrs\ andp are decreasing when the sample size is increasing. The MSEs o
a are less than those of bodhand3. We also see that asincreases the MSEs far decrease. On the other hand, for
k=1, the MSEs forf3 increase as increases and the MSEs fbrdecrease asincreases. But fok = 2, the MSEs foiB
decrease asincreases and the MSEs farincrease as increases. It is hard to decide on which censoring scherme is t

beast. In Table 1, by comparing the values of the MSEs of tlimawrsd, A and B for each censoring scheme, we
conclude that fok = 1, the beast censoring scheme for batlandA is 111, and the beast censoring schemefas I.
Fork = 2, the beast censoring scheme for batland is |1, and the beast censoring schemeXas I11. In Table 2, we
conclude that fok = 1, the beast censoring scheme for batlandg is I, and the beast censoring schemedois 111.
Fork = 2, the beast censoring scheme for batlandA is |, and the beast censoring schemefids I11. Finally, for the
interval estimation of the three parameters the secondnselid ), in which censoring occurs after the last observed
failures, gives lower lengths than the other two schemespmXor some few cases. This may be due to fluctuation in
data.
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