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Introduction

Improving the quality, compliance rate and product life is a priority in
manufacturing industries. If the performance of a process is evaluated by
the lifetime of a product, it is clear that a larger lifetime indicates better
product quality and higher process capability, and this process is accepted.
For instance, the lifetime of electronic components exhibits a larger-the-
better type of quality characteristic. The process capability index is one of
the indicators for evaluating the capability of a process. To measure the
larger-the-better quality characteristic, a process capability index has been
defined as C, = ”T_L 0 <L <oowhere u and ¢ are the mean and
standard deviation of the process, respectively, and L is the lower
specification limit.
In various manufacturing and service processes, the assumption of
normality is often not valid. The two-parameter exponential distribution
has many applications in engineering, biological studies, epidemiology,
and medical sciences.In engineering analysis, the location parameter is
called the threshold value or warranty time and the scale parameter is the
expected average as well as warranty life. If the lifetime of a manufactured
product follows a two-parameter exponential distribution with location
parameter 8 and scale parameter A, then the capability index becomes
C, = 1—%(L—9).
Material and methods

Since the performance capability index has been used in industries,
point estimation, construction of confidence intervals, and testing the

hypothesis about this index have been considered. However, the classical
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inference cannot be applied to C;. Therefore, we utilized the concepts of
generalized pivotal quantity and generalized test variable for inference on
this parameter. Here, we suppose that different kinds of schemes such as
double type Il censoring, progressive censoring, record values, and k-
record values. In each case, the maximum likelihood and uniformly
minimum variance unbiased estimators are derived. Then, a generalized
confidence interval and a generalized p-value are suggested. The
generalized confidence interval is evaluated by Monte Carlo simulation,
and the presented approaches are illustrated using some real examples.
Results and discussion

We study the coverage probability and expected length of the proposed
generalized confidence interval for C; under a progressive censoring
scheme. We found that the coverage probability is close to the confidence
coefficient. Also, it does not depend on the values of parameters and
sample size. Besides, the expected length decreases when A decreases (or
the sample size increases).The shortest expected length of the generalized
confidence interval is when the value of L is close to the location
parameter 6.
Conclusion

The following conclusions were drawn from this research.

e The minimum variance unbiased estimator for C, has a closed-
form under all considered schemes.

e The proposed generalized inference for C, is a satisfactory and
easy approach.

e This article contains all results in other papers such as Lee et al.
(2011) and Gunasekera, and Wijekularathna (2019).

o Different indicators have been introduced to evaluate the
process’s capability.Some of the most important ones that are
widely used in manufacturing industries have been introduced by
Wooluru et al. (2014).The methods introduced in this paper, can

be generalized and used for these process capability indicators.
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m =18 m=13 m =10

L [A=001 A=1 A=5]1=001 A=1 A=5]1=001 A=1 A=5

0.01| 0954 0954 0951 | 0.948 0949 00950 | 0.948 0946 0.947
0.1 0.949 0.947 0.948 | 0.947 0.952 0.950 | 0.945  0.953 0.947

0.5 0.952 0.947 0.950 0.951 0.952 0.951 0.946 0.950 0.948
1 0.950 0.952 0.950 0.948 0.946 0.948 0.950 0.954 0.948
2 0.952 0.950 0.956 0.953 0.955 0.946 0.947 0.946 0.950
5 0.951 0.951 0.949 0.954 0.949 0.952 0.948 0.946 0.948
10 0.954 0.950 0.952 0.950 0.950 0.952 0.945 0.949 0.948
o Lasie
m=18 m =13 m =10

L |[A=001 A=1 A=5|1A=001 A=1 A=5|1=001 A=1 A=5

0.01 9949 106 0.33 122,10 130 0.38 143.03 153 043
0.1 9042 098 031 110.83 1.18 0.36 130.69 140 041

05 50.41 0.59 0.26 61.66 0.71 0.28 72.80 0.83 0.32
1 0.20 0.20 0.20 0.21 0.21 0.21 0.23 0.23 0.23
2 100.14 0.98 0.26 123.37 1.19 0.27 145.10 1.40 0.31
5 401.58 3.94 0.78 490.00 4.89 0.95 577.07 5.73 1.12
10 901.07 9.01 1.78 | 111054 11.02 2.17 | 130556 12.94 2.55
n =30 l’CL Lgl).g MLW Ol;.:.o..lo‘ alols J5.|a .la...;5.';.o 9 Uiy Jla=1 Y JS“‘?
m=18 m=13 m =10
L A=001 A=1 A= A=001 A=1 A= A=001 A=1 A=

0.01 0.948 0.952 0.948 0.950 0.953 0.951 0.954 0.949 0.950
0.1 0.946 0.949 0.955 0.951 0.947 0.948 0.954 0.951 0.953

0.5 0.952 0.951 0.952 0.951 0.950 0.952 0.953 0.953 0.951
1 0.952 0.953 0.950 0.949 0.945 0.948 0.950 0.953 0.950
2 0.951 0.952 0.947 0.954 0.950 0.952 0.955 0.954 0.949
5 0.946 0.951 0.943 0.952 0.952 0.951 0.951 0.953 0.954
10 0.949 0.951 0.954 0.954 0.951 0.950 0.952 0.955 0.954
o Lasie
m =18 m =13 m =10
L A=001 A= A= A=001 A= A= A=001 A= A=

0.01 9983 1.04 0.28 12260 127 032 14525 150 0.37
0.1 91.14 095 0.26 11114 116 0.30 132.08 138 0.34
50.26 056 0.20 6182 0.67 0.22 7408 079 0.24

0.13 013 013 0.14 014 014 014 014 014

10066 098 0.21 12331 120 0.25 146.86 142 0.28

403.35 398 0.79 493.74 491 0.95 589.32 585 114
908.06 9.07 178 | 111241 1111 219 | 1326.60 13.16  2.59

= o
B oN e o

[ Downloaded from mmr.khu.ac.ir on 2025-11-24 ]


https://mmr.khu.ac.ir/article-1-2823-fa.html

[ Downloaded from mmr.khu.ac.ir on 2025-11-24 ]

ind e s 05l 99 (2 lod &1 jgi g0 pes Job 0 pSlos asli o,by0 bliuw]

i Jlo wizy -0

3 €y il colls (asls gl b sla i o sndion slablanul m s 4 i ool o
SFINL) 65 Dgei slag b 51 S0 50 09 oo il Jlhe diz jloolitul b 6 5ellgs (oo e
(Upper) oYU 5 (Lower) ;b slagyl,S s UMVUE (MLE) olaiis s pounSle ;55,51 5 d(laosls
lodds ey L Cilites jyolie conm 1 doy A0 lisabsl g o b 4l grasd lipabl alols

ods 0330w (sladluce suiadylid § Wilowds ai8,5 » (VAVY) Ll 3 5l ools dcgomme ol =V-0 JLlw
25 Oy 4 (bl s ool ailoads Gl Cuas sl 0 4 cnl sollas dgeme VA Lawgs
RTINS

YYY Yof AYQ DY BoA [FAY YoV YV (Yoo N\FY

YAAe YYOH NAAF AFEY NV VAY Vo) (VooA AAY
&9 &S Sl ool ooy lis g el a8 )T 13 ) 050 VAVA) (o g 0,LdSS) gy Waosls oyl
Sl caslie Wools ol (gl (g al,b g0 oles
loiiin )0 ponSle LgLa:)fo)ﬂﬁ ol €85 118 daslllas 0,90 (V2 0 V) o)) 562 5 99 Jawgs Losls oyl
V USCs jo ) sl clllB el o)l blacul gl o AYO/YY s VPY gl 40 gl y
Abor Gl 8l o 5 (2ol ol liebsl alols Jobo 4 098 oo odalive 45 4igSilen .aSloads 03 4]
shls plcesl alold ol (0 oloiziw ;o pownSlo 35915 Jlaie) VEY L ol L jlade a5 o5in
SN RAPNENCR
SS el o aiiie o s o YU glaeals 5l ol aalin Ve LS aS 0,5 5,8 (YY) jail 8
55,50 cnlplo malo LSl 0 L, 5T =10 s n =19 L cwly 5l pgd g5 0o yguilis diges
Sl 2l o)l blocul auls acwa AT /Y g VPY s a0 d 90 olp olaiin o oSl
5 LielS ol laedol alols Jobo a5 550 oo sanlice 45 43g5la Lailoas 00,91 ¥ i j0 £ il )3
ol el (0 (oloiins ;o pownSlo 3,90 5 Jlaie) VEY L ol p L Jladie a5 ol .l o (il 38) s

ol Jsbo 70555 s il


https://mmr.khu.ac.ir/article-1-2823-fa.html

[ Downloaded from mmr.khu.ac.ir on 2025-11-24 ]

) 1P ol o)londs it 0,50 o 8l sLo a9y

o 100 200 300 400 S00 S00

L
N-0 e Jol5 slaosls (sl olirabol alols sla S L ol e b 53401 Jloges 3 S

06

04

02

O 100 200 300 400 S00 S00

L
N0 s 0 ygeiles slmosls sl labl alols slay]S L ol o a5 )T 0 Jlogas ¥ S

oo 4 ol el londs Hloys 5o o b 4 el (55 ol ) (comms) & Mine jlos Yo (Jlus

W )


https://mmr.khu.ac.ir/article-1-2823-fa.html

[ Downloaded from mmr.khu.ac.ir on 2025-11-24 ]

e e s 05l 99 (2 lod &1 jgi g0 pes Job 0 pSlos asli o,by0 bliuw]

1.0131.034 1.109 1.169 1.266 1.509 1.533 1.563 1.716 1.929
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3.20 1.38 0.96 0.28 0.44 0.59 0.25 0.51 1.61 1.85

0.47 0.41 1.46 0.09 2.18 0.07 0.02 0.64 0.28 0.68

1.07 3.25 0.59 2.39 0.27 0.34 2.18 0.41 1.08 0.57

0.35 0.69 0.25 0.57 1.90 0.56 0.09 0.28
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