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Abstract

Accelerated life testing (ALTg) helps manufacturers to predict the various costs associated with the
product under the warranty policy. The main aim of undertaking ALTg is the extended time of today’s
manufactured goods, the small-time among design and make public, and the difficulty of analysis of
items that are continuously used in ordinary environments. Hence ALTg is used to offer quick
information about the life distribution of products. We describe how to propose and analyze the
accelerated life testing plans to develop the excellence and reliability of the item for consumption. We
also focus on finding the expected cost rate and the expected total cost for age replacement in the pro-
rate rebate warranty plan. The problem is studied using constant stress, under the hypothesis that the
life spans of the units follow the Gompertz distribution (GD) for predicting the cost of age replacement
in the warranty plan. The asymptotic variance and covariance matrix, confidence intervals for
parameters, and respective errors are also obtained. A simulation study is carried out to show the
statistical properties of distribution parameters.

Keywords: Accelerated Life Testing, Gompertz distribution, Warranty policy, Age-
replacement, Type-I Censoring, Fisher Information matrix, Simulation Study.

L. Introduction
Nowadays, most producers are doing their finest to build up and get better the performance of
their items to boost the requirement and increase faith between them and their purchaser. The
producers face several disputes while developing manufactured goods, together with
complicatedness in scheming the failure of the manufactured goods during the existing
investigation era. To defeat many of the difficulties in normal reliability, testing ALTg techniques
may be employed. It is significant to get better the performance of the manufactured goods, work
towards the improvement of the item and conclude the issues that cause the undersized lifetime.
Quantitative ALTg engages in identifying stress situations that will speed up the stoppage manner.
Therefore, the failures may be observed in a shorter phase. The accelerated investigation situations
may engage a superior stage of force, power, weight, speed, temperature, vibration, etc., and more
than one stress may be operated depending on the item's nature. Information composed at such
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accelerated circumstances is then extrapolated during a bodily suitable statistical representation to

estimate the life span distribution at ordinary use circumstances.

In life testing analysis and reliability theories, the engineer may not constantly get absolute
information on failure epochs for all investigational components. Information achieved from such
researches is called censored information. The main reasons for censoring schemes are reducing
the total time on investigation and the expenditure related to it. The censoring can make stability
between total time used up for the experimentation, the number of components used in the test
and the effectiveness of statistical assumption based on the experiment's outcomes. Type-I (time)
censoring and Type- II (item) censoring are the frequent schemes. Here, we are only focusing on
Type-1 censoring scheme. Type I censoring occurs when an experiment finishes after a preset
amount of time. There are several other censoring schemes, i.e., multiple censoring, progressive
censoring, hybrid censoring and adaptive progressive hybrid censoring, etc.

According to Nelson [1], and Rao [2], the accelerated life test (ALT) is generally of three types. The
first type is named the constant-stress ALT (CSALT). The next is the step-stress accelerated life test
(SSALT). The third is progressive-stress ALT (PSALT). The stress is set aside at a constant level
during the analysis in CSALT. In SSALT, the investigation circumstance varies at a known time or
upon the happening of a specific number of failures. The stress practical to examination
manufactured goods is constantly increasing with the point in PSALT. For an extensive review on
these methods, (see Kim and Bai [3], AL-Hussaini and Abdel-Hamid [4, 5], Miller and Nelson [6]).
These three techniques can decrease the testing time and accumulate a lot of human resources,
material, and capital.

The key statement in ALT is that the mathematical model connecting the life span of the element
and the stress is identified or can be assumed. In various situations, such life stress relationships
are unknown and cannot be assumed, i.e. the information achieved from ALT cannot be
extrapolated to use situation. So, in such situations, one more advanced method can be applied,
which is partially accelerated life tests (PALTs). If the acceleration factor cannot be assumed as a
known value, then PALT will be an excellent selection to carry out the life investigation. In PALTs,
objects are experienced at both accelerated and use circumstances. PALTs: constant-stress PALT
(CSPALT), step-stress PALT (SSPALT) and progressive-stress PALT (PSPALT) are the three
frequently used types.

A rebate warranty policy is one of the mainly widespread types of warranty strategies. In a rebate
plan, the seller refunds a customer some proportion of the sales worth if the manufactured goods
are unsuccessful during the warranty era. Frequent examples of goods sold under rebate plans
include batteries and tires. Objects sold under failure-free warranties might contain electronics and
household machines. Rebate strategies also take two widespread forms: lump sun, and pro-rata
rebates. If an article fails before the conclusion of the substance’s warranty age, it is replaced or
repaired as per common, however, only for the amount based on a price that depends on the age of
the article at the point of failure. Basically, a pro-rate warranty decreases the value of your buy
over time. This type of warranty is sometimes called a partial warranty since only a part of the
original cost is covered. The producers shall only give incentives when they have the trust in the
goods that their item has the capability to serve at least in the stated warranty period. Therefore,
manufacturers need to test the reliability and performance of the goods before letting them serve in
the marketplace. This can be done by using accelerated life testing on goods. Accelerated life
testing also helps producers to predict the various costs connected with the item under the

warranty policy.
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Now, we present brief literature on ALT and warranty policies related to our study. El-Dessouky

[7,8] described ALTg and age-replacement policy under warranty plan and also described
maintenance service strategy under SSPALT using Type-II censored samples. Zhao and Xie [9]
provided a structure to calculate the assurance outlay and risk under one-dimensional. At present,
the two-dimensional and extended warranty has taken an important place in warranty policy
analysis (Jack et al. [10], Gupta et al. [11], Huang et al. [12], Jung et al. [13], and Ye and Murthy
[14]). However, it is very tough and tricky to design warranty plans and calculate warranty costs
for new goods that have not been come into the market, because the failure rate of such types of
products is not available. A literature review is presented by Murthy and Djamaludin [15] on new
item assurance by considering marketing, logistics, etc. A combined optimization method that
concerned trustworthiness, service contract and price for new goods is presented by Huang et al.
[16]. Xie and Ye. [17] proposed a comprehensive inexpensive guarantee cost forecast under the
new item. In Yang [18], optimal 3-level accommodation ALT affairs were talked about to minimize
the asymptotic about-face of best likelihood appraisal of the assurance cost. For an overview of
accelerated believability experiments, one can refer to Meeker and Escobar [19]. Borgia et al. [20]
presented a case study for the household’s gadgets. Yang [21] proposed a technique for item
population for predicting the warranty outlay and its confidence interval. Alam et al. [22] offered a
study on age replacement policy under pro rebate warranty policy for Burr Type-X failure model
using Type-II censoring scheme. Currently, Alam and Aquil [23] presented a study on SSPALT and
provided its application in maintenance service policy for the generalized inverted exponential
distribution. Alam et al. [24] handled constant-stress ALT under a progressive Type-II censoring
scheme and also presented its application in the area of maintenance strategy. Almalki et al. [25]
handled with constant stress ALTs model for Kumaraswamy failure model under the progressive
censoring scheme.

In this work, we design ALT under Type-I censoring for GD and also provide the application of
ALT in the field of warranty policy and this is the key factor of this study. In previous studies, a lot
of study is available on ALT with different censoring schemes for different lifetimes model but few
studies available that provide its application in the field of warranty policy The novelty of this
study is that no earlier study is available for GD under pro-rata rebate warranty policy under
Type-I censoring scheme.

The rest of the paper is organized as follows: Section 2 provides the introduction of GD and test
procedure. The likelihood function, Fisher Information matrix, the inverse of Fisher Information
matrix is developed in section 3. A simulation study is carried out in section 4. Estimation of shape
parameter and reliability function is presented in section 5. The age-replacement policy for GD

under pro-rate rebate warranty is presented in Section 6. Finally, a conclusion is made in section 7.

II. Model Description and Test Method

ALT is generally performed by one of the two approaches; (i) accelerated failure time, which
means ALT is performed for the item by experiencing usual circumstances but more intensively
than ordinary. This approach is excellent for items or components that are exercised on a
continuous-time basis. (ii) Accelerated stress means ALT is performed with items or components at
higher stress than usual. For designing ALT plans, the following points are needed

(i) The stress application testing process.
(ii) The stress levels selected and the type of stress to be applied in the investigation for each stress

type.
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(iv) Relationship between life and stress which is expressed by the mathematical model.

(v) At last, the proportion of experiment elements to be allocated to every level of stress.

Some authors dealt with constant stress, such as Abdel-Ghaly [26] tackled with an accelerated life
test plan for the Pareto failure model and estimate reliability function and parameters of the
model. Attia et al. [27,28] handled with Accelerated life test plan for Birnbaum-saunders and
Generalized Logistic distributions using different censoring plans with constant stress. In the

following section:

(i) Stress G'; has k -levels.

(ii) Assuming that G, is normal use situation and fulfilling G,, < G| <Gy < G3 <...< Gy.
(iii) There are 71 ;units put on the investigation at every stress stage.

(iv) The test ends when 7; units attain among these  ; units.

This current study is dealt with Type-I censoring and constant stress with the assumption that the
lifetime of the units follows the GD.

GD has wide popularity in relating human mortality, establishing actuarial tables, and other areas.
Historically, it was firstly commenced by Gompertz [29]. GD has the following probability density
function (pdf’) and cumulative distribution function (cdf);

The pdf of the model is given as

( xij
—Tjle -1
=yl 0,7; > 0,7 >0
f(xijarja]/)_rjye e » X5 >0,7; >0,y > 1)
where Y and 7 j are scale and shape parameters, respectively.
The cdf of the model is given as

—T; (exij}/—l
}T(Xijarjaj/)::’l_-e

The Reliability function of the model is given as

) Xjj >0,2'j >0, >0 )

~Tj (exij 4 —lj
é;(;xéja Z:fa)/) =e 3)
The Hazard function of the model is given as
xXjjy

hx;,ti,7)=1;7e (4)
The pdf, cdf, Reliability, and hazard curves are shown in Figurel, Figure 2, Figure3, and Figure4,

respectively.

VaNOnbW

Figure 1: Probability density curve of GD
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Figure2: Cumulative distribution curve of GD
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Figure4: Hazard curve of GD

GD possesses a unimodal pdf and has an increasing hazard curve for increasing values of 7 and
y . Willekens [30] handled the associations of GD with other failure models. Wu et al. [31]

proposed the weighted and unweighted least squares estimations for GD under censored and
complete information. Chang and Tsai [32] intended the maximum likelihood estimates (MLEs),
and accomplished the establishment for the exact confidence interval. Mohie El-Din [33] presented
a study under generalized progressively hybrid censoring for GD.

This study is based on constant stress and Type-I censoring scheme. We have considered the Stress

G i J =12,....,k which affects the shape parameter of the used distribution, g, through the
following equation (5) called the power rule model.

r;=RG;/; R>0.1>0, j=1.2,..k 5)
where R and f are the proportionality constant; and power of the applied stress respectively.

II1. Estimation Process

In this section, the maximum likelihood (ML) estimation method is used. The reliability

practitioner used this method because it is very robust and provides estimates of the parameters

with excellent properties. At the stress level G j the authors constructed the likelihood function of

an observation X (time to failure) and at each stress level G jr S units were put on the test.
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k
Therefore, N = ZS j is the total number of components in the test. When a Type-I (time)

J=1
censoring scheme is adopted at each stress level, the experiment ends once the censoring time

"x,"is reached. It is assumed that 7 Ji (S s j) units are observed at the j#h stress level before the

) units still carry on till the end of the analysis. In this situation, the

J T

likelihood function of the testing for GD model is taking the following form

xR, 7 ) (—f (,,, R, 7. f)|1=Flxg) |77 ©)

where X,, is the time of cessation of the experiment and In L(xl] R, 7, f ) InL.

test is terminated and (S

The log-likelihood function is obtained by taking the logarithm of the above equation (6) and given

as

k ok Tk N
InL=K+ er ln(RGj_-fy)-i— 72 inj _z ZRG;f(ey ij _lj

j=1 i=1j=1  i=lj=1

k @)
+ Z(SJ —FJ)RG;f(eyxo —1)
j=1

where K is the constant.
The ML estimates of ¥, Rand [ can be estimated from the following three equations.

k Tk Tk k
olnL VXjj ~—f -, rx
5 —ZJ L 2 2 Y Rae VG Y (s —ry)RG xge” 0 =0

k rjok )
Ml S rm(G)+ Y Y RG ln(GjIeyxl] —1)—
of Jj=l1 i=1j=1

k

> (s, ~r))RG;/ Inf )(”0 1) 0

J
k j k y k
Eap e Ca e
i=1j=1 j=1

It looks imposs1b1e to solve the above three non-linear equations manually. Therefore, an iterative
technique (Newton-Raphson) can be used to get maximum likelihood estimates (MLEs) of
parameters.

In mathematical statistics, the Fisher information or Information matrix is a technique of
evaluating the amount of information that an observable random variable carries about an
unknown parameter of a distribution. Simply, the Information matrix is the variance of the score or
the expected value of the observed information.

The Information matrix for the Gompartz failure model under Type-I censoring is given as
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| —0°InL —-0’InL -3’ InL |
oy*  0)f  OR
~0’InL -0°InL —0’InL
F= . (®)
ofoy o> ofeR
~0°InL -0°InL -0’ InL
| OROy OROf  OR’
The elements of the matrix F' are obtained by second partial derivatives of log-likelihood function

with respect to parameters A,q andU. Consequently, the elements are expressed by the

following equations

o*InL ko L&y —f k ~f 2 yx

87/2 =—er7/ _Zszije ’]Gj +Z(sj—rj)RGj xge’ 0
j=1 i=1j=1 j=1

Pl L&

=-3" Y'RG;/ In? (GI7U—1)+Z(S -r)RG;! In® (G)(”O 1)

af i=1j=1

621nL__§: P2

OR? j=1
P2mL L& x| - -f X )
5 :+Z ZRG] hl(G]X Y )_ Z(sj —rj)RGj ln(Gj X0 e’ 10
= J=1

2 J k y k
d lnL:ZZG;fln(Gj{e”U —1)—2@ -G 1nlg; for o 1)
o & =

2 I"
0 lnL 7 X
__ ij =S _
520R Z Z xjje G + Z(S rj )G xpe” "
i=lj=1
Now, the variance-covariance matrix is the inverse of the Fisher Information matrix and given as
>=F"! 9)

[ _*InL —-3*InL -0*InL |

. ) 5
oy oo O)OR AVar(p) ACov(7 f) ACov(7 R)
—0’InL —8°InL -8 InL

= =| ACow(f 7) AVar(f)  ACov(f R) (10)

ofoy  ofF  GfoR i ) A
_0*InL —-0*InL —-*InL ACov(R7) ACov(R f)  AVar(R)

| 0ROy OROf  OR’

AVar, ACov are asymptotic variance and asymptotic covariance, respectively.

The 100(1 — 7)% approximated two-sided limits of confidence for parameters A,Uand ¢ are

given as

362



IL.Alam, M. A. Intezar, L.K. Sharma, M. T. Intezar, A. Irfan RT&A, No 1 (67)
COSTS OF AGE REPLACEMENT UNDER ACCELERATED Volume 17, March 2022

A ~Vr=1,~ > D\ 7 =1/~ 7 b D =1/~ 7 b
P Zen NI (o foR), [+ 2 VI0p (7, /,R) and R+ Z,n 1537, /. R)

Z, /2 is the 100(1 -7 / 2)% percentile of a standard normal variate.

IV. Simulation Results
In this section, we apply the Monte-Carlo simulation technique to examine the performances of the
MLEs through their absolute relative bias (RAB) and mean square error (MSE). Using the

invariance property of MLEs, we can estimate the MLEs of shape Parameter 7 j through the

following expression;

7;=RG;/ i R>0.1>0, j=1.2,..k
The detailed steps are given below:

1. First, 1000 random samples of sizes 25, 50, 75, and 100 are generated from GD by inverse CDF
method. Different initial values are selected for all sets of parameters.

2. The stress has three levels and the values of are
(G, =1,G, =15,G, =2),s, zg &, = 60%n,, 1 is sample size.

3. The parameters of the model are estimated under Type-I censoring for all sample sizes.
4. The Newton-Raphson method is applied for solving all non-linear equations.

5. The estimates of the shape parameter £/, are calculated from equation (5).
6. The RABs and MSEs are tabulated for all sets of (70 Ry, 1o )

7. We determine the MLEs of the scale parameter y, at the usual stress level G,, = 0.5 by the
invariance property of MLEs,
8. The reliability function at the similar usual stress for various values y,G, f and?, is

calculated.

" —To(eto 0 —1)
Ry(tg)=e

9. At mission time (¢, =1.2,1.5,1.9), the MLEs of reliability function are predicted in the same
usual circumstances for every parameter set.

Table 1:The Estimates, Relative Bias and MSE of the parameters (}/, G, f,11,72,73 )under Type-1

censoring

(0 =040,Gy =17, fo =1) | (r9=1.2.Gy =17, fp =1)

n Parameters
Estimator | RABs MSEs Estimator | RABs MSEs
v 2.543 0.109 0.095 2.633 0.096 0.078
G 2.765 0.116 0.097 1.873 0.109 0.074
S 1.987 0.078 0.069 2.162 0.120 0.101
25 7 2.126 0.084 0.077 1.876 0.091 0.067
3 1.987 0.105 0.086 2.998 0.087 0.760
73 1.376 0.105 0.098 2.087 0.090 0.081
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Y 2.830 0.086 0.076 1.876 0.098 0.076
G 2.543 0.067 0.055 2.146 0.109 0.061
v 2.791 0.077 0.061 1.998 0.123 0.097
50 & 1.162 0.054 0.040 1.989 0.094 0.051
2 2.788 0.054 0.031 1.360 0.080 0.042
7 2.197 0.049 0.055 1.786 0.076 0.057
Y 2.139 0.044 0.042 2.345 0.069 0.061
G 2.349 0.054 0.044 2.492 0.050 0.051
f 2.046 0.065 0.054 2.052 0.072 0.086
75 7 1.556 0.046 0.035 2.528 0.042 0.047
7, 2.290 0.048 0.040 1.404 0.039 0.037
7, 1.196 0.041 0.022 1.967 0.011 0.050
Y 2.252 0.018 0.029 2.763 0.064 0.050
G 2.612 0.023 0.013 2.160 0.042 0.023
f 1.313 0.113 0.010 1.885 0.045 0.031
100 7, 1.950 0.027 0.014 1.443 0.062 0.069
7, 2.322 0.031 0.023 2.111 0.018 0.016
7, 1.089 0.032 0.023 1.025 0.033 0.025

Table 2:The Estimates, Relative Bias and MSE of the parameters (}/, G, f,11,77,73 )under Type-1

censoring
(70 =040,Gy =13, fy =1) | (rg=1.2,Gy =13, /5, =1.9)
n Parameter Estimator | RABs MSEs Estimator | RABs MSEs
S

v 1.846 0.132 | 0.093 2.987 0.132 | 0.119

G 1.425 0.123 | 0.110 1.171 0.115 | 0.099

S 2.927 0.110 | 0.099 2.621 0.083 | 0.061

25 7 1.901 0.083 | 0.062 1.523 0.110 | 0.081
7, 2.170 0.092 | 0.075 2.210 0.097 | 0.078

75 1.983 0.082 | 0.065 2.809 0.123 | 0.106

v 2.452 0.062 | 0.077 1.667 0.071 | 0.075

G 1.744 0.092 | 0.072 1.158 0.144 | 0.070

S 1.837 0.073 | 0.070 1.136 0.052 | 0.095

50 7 1.164 0.081 | 0.058 1.283 0.074 | 0.061
7, 1.786 0.188 | 0.065 1.170 0.069 | 0.061

7, 1.564 0.068 | 0.065 2.986 0.088 | 0.079

v 1.639 0.054 | 0.045 2.998 0.063 | 0.062

G 1.919 0.089 | 0.063 2.791 0.081 | 0.056

S 1.778 0.052 | 0.050 1.990 0.050 | 0.066

75 7 2.061 0.086 | 0.061 2.930 0.066 | 0.055
7, 1.398 0.070 | 0.047 1.132 0.054 | 0.016

7, 1.494 0.059 | 0.076 2.998 0.077 | 0.098
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4 1.052 0.030 0.037 1.997 0.049 0.056
G 2.168 0.060 0.023 1.439 0.055 0.041
v 2.016 0.043 0.061 1.967 0.042 0.055
100 3 1.192 0.050 0.019 1.209 0.055 0.066
2 1.921 0.059 0.033 1.432 0.032 0.014
T3 2.595 0.042 0.016 2.955 0.030 0.084

V. Estimation of the survival functions and shape parameter at normal stress
In the following table, we estimate the survival function at the usual stress level G, = (.5for
various values of parameters 7, G, f andf?,,also find the shape parameter for the same stress

level.
Table3: Estimated reliability functions and shape parameter at normal stress

70 | Go Jo 40 Ly R, (1)
1.2 0.543
040 | 1.7 1 3.332 15 0.523
1.9 0.498
1.2 0.423
1.2 1.7 1 2.987 15 0.436
1.9 0.397
1.2 0.754
040 | 1.3 1 3.165 15 0.704
1.9 0.723
1.2 0.676
1.2 1.3 1.9 2.876 15 0.643
1.9 0.612

IV. The Age-Replacement Policy under Pro-rate Rebate Warranty for GD

Under this warranty policy, the following assumptions are made

(i) A non-repairable product is replaced at a certain time ¢ or upon failure, which takes place
earliest.

(ii) When the product is unsuccessful at the time ¢ < 0, a failure replacement is carried out with a

purchasing cost ', and downtime cost Q,, where Q b 0, >0.

(iii) The client is reimbursed by a quantity of sales price Q ) if the item be unsuccessful over the

warranty period (W),

So, the rebate function in the pro-rata warranty is:

t
]l-—— | 0<5¢<
R(f)= QP( WGJ W a1

0 t>w,

John Mamer [34] handled with a price tag investigation of pro-rata with a without charge
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replacement warranty approaches; he studied the long-run typical and total expenses of things

with warranty. Timothy et al. [35] tackled a pro-rata study for joint warranty problems; he used
several repair selections in his investigation. Huang et al. [36] presented a study on estimating the
predictable warranty cost for the approach where the item usage is intermittent and of
heterogeneous usage intensity by the item existence cycle when sales occur regularly.

Key Assumptions:
The main assumptions in this policy are

1. Product is replaced at the point of failure (corrective replacement), or age O (preventive
replacement), which arrives earliest.

2. The pro-rata rebate warranty approach is applied to the sale of products.

3. There is no salvage charge for the preventive replaced item.

4. The warranty time is less than age replacement, i.e. W, < 0.
When the item’s life arrives O , then the preventive replacement is carried out with cost Q p only

because it is a planned preventive safeguarding action.

The total cost incurred in a renewal cycle for this strategy is:

Q4 +0,-R(t) 0<t<w,
C(d)=10,4 +0p w, <t<& (12)
Op t20

The expected total cost (Chien [37], Chien et al. [38]) under this policy is given by:

Wa
IF (u )du
E(c,()=04F()+0, OW— (13)
a
The expected cost rateis
E\C
E(CR(r))= m (14)
I F(u)du
0
o
where IF (u )du is the expected cycle time, which is represented by E(T(9)).
0
—r(eu Y —1)
Under the GD, the cdf'is, F(u,7,7)=1-¢ , u>0,7>0,y>0

So, Wfﬁ(u)du =w, —WJEZ 1- e—r(e’”/ _1) du

) 0 _ _
And, Iﬁ(u)du=5—j l-e T(eu}/ 1J du
0 0

366



IL.Alam, M. A. Intezar, L.K. Sharma, M. T. Intezar, A. Irfan RT&A, No 1 (67)
COSTS OF AGE REPLACEMENT UNDER ACCELERATED Volume 17, March 2022

We can get the expected total cost and expected cost rate for the non-repairable product using the

above values in equations (13) and (14).
For example, if the failure replacement is carried out with a downtime cost (J; =80and

purchasing cost O = 1200. The expected total cost, expected cycle time and expected cost rate

are estimated for age-replacement under warranty policy for several values of warranty periods

w, and the parameters of GD y and r at normal use.

Table 4:The expected total cost, the expected cycle time and the expected cost rate

T v w, O | Expected Total Cost | Expected Cycle Time Expected Cost
E(Cp (0)) E(T(9)) Rate
CR(5)
08 |6 | 92 | 97 1045.87 5.89 342.87
08 |6 | 92 | 85 1011.68 5.54 432.98
09 |6 | 92 | 97 998.55 5.14 412.87
09 |6 | 92 | 85 856.95 3.97 498.87
16 |6 | 92 | 97 829.23 425 416.34
16 |8 | 92 | 9.2 929.98 496 521.16
16 |8 | 92 | 85 959.98 4.34 587.76
1.6 |9 | 92 | 97 975.64 7.18 506.90
16 |9 | 97 | 89 1056.97 7.35 578.74
1.6 |9 | 9.7 | 97 1022.89 8.17 507.71
16 |9 | 97 | 98 1035.87 8.67 421.76

VII. Conclusion

In this study, the accelerated life test plan is designed under the Type-I censoring scheme when the
lifetime of test items follow the Gompertz failure model and also provided its application in the
field of the warranty policy. The following observations are made on the basis of this study;

From the Table (1) and (2), increases in the sample size lead to a decrease in the mean square error
and absolute relative bias. So, the asymptotically normally distributed and consistent estimators
are provided by MLEs.

From Table (3), an inverse relationship is developed between mission time and the reliability
function. From Table (4), the expected total cost and expected time cycle are inversely related to
the parameter's value, while the expected cost rate is directly related to the value of the parameter.
The expected total cost and expected cycle time are directly related to the value of the parameter,
while the expected cost rate is inversely related to the value of the parameter. Increases in the
warranty resulted in decreases in the expected total cost and expected cost rate and also doesn't
affect the expected life cycle.

Finally, an inverse relationship is developed between the age of replacement and the expected cost
rate, while direct relationships are developed between the expected total cost and expected time

cycle.

In the future, this work can be extended with different censoring schemes for other failure models.
The application of ALT can be done with other warranty policies under the Bayesian approach in

the extended work.
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