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Abstract: Recently, the Darna distribution has been introduced as a new lifetime
distribution. The two-parameter Darna distribution represents is a mixture of two
well-known gamma and exponential distributions. A manufacturer or an engineer
of products conducts life testing to examine whether the quality level of products
meets the customer’s requirements, such as reliability or the minimum lifetime. In
this article, an attribute modified chain sampling inspection plan based on the time
truncated life test is proposed for items whose lifetime follows the Darna distribu-
tion. The plan parameters, including the sample size, the acceptance number, and
the past lot result of the proposed sampling plan, are determined with the help of
the two-point approach considering the acceptable quality level (AQL) and the
limiting quality level (LQL). The plan parameters and the corresponding operating
characteristic functions of a new plan are provided in tabular form for various Darna
distribution parameters. Also, a few illustrated examples are presented for various
distribution parameters. The usefulness of the proposed attribute modified chain
sampling plan is investigated using two real failure time datasets. The results indi-
cate that the proposed sampling plan can reduce the sample size when the termina-
tion ratio increases for fixed values of the producer’s risk and acceptance number.
Hence, the proposed attribute modified chain sampling inspection plan is recom-
mended to practitioners in the field.

Keywords: Attribute chain sampling inspection plan; consumer’s risk; Darna
distribution; operating characteristic curve; producer’s risk; truncated life test

1 Introduction

All manufacturing industries in this competitive world solely rely on the quality of products
manufactured by the company. The quality of products is the main metric that matters the same for both
consumers and producers. The greatest challenge for the manufacturing industry is to stay in the
competitive market with high revenue and market value of the products. High market value and revenue
can be achieved only by producing good-quality products. Therefore, quality control is an indispensable
part of the ongoing manufacturing process or full finished product. Hence, there is nothing more
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important than product quality in the manufacturing industry. Therefore, several tools and techniques have
been proposed for statistical quality control (SQC) to handle the product quality at various levels of
production. Two major types of SQC techniques are statistical process control and statistical product
control. The statistical process control is achieved using the techniques of the histogram, Pareto chart,
design of experiment, control chart, and process capability indices, while the statistical product control is
achieved using the technique of acceptance sampling inspection plan. The hundred percent inspection
method of items of a lot is another way to inspect the lot to control the quality of products. However, the
hundred percent inspection is not feasible in practice because it has high costs in terms of time, money,
and labor. Besides, when the quality of a product is tested by destructive testing (e.g., the life of a candle
or testing of electrical fuses), the hundred percent inspection will result in the destruction of products.

The acceptance sampling inspection plan (AcSIP) represents an alternative solution to the hundred
percent inspection. The AcSIP can be classified as AcSIP by attributes and AcSIP by variables. The
AcSIP development for different probability models has been increasing in recent years. A variety of
AcSIPs have been present in the literature of SQC, including the single acceptance sampling inspection
plan (SaSIP), double acceptance sampling inspection plan (DaSIP), group acceptance sampling inspection
plan (GaSIP), sequential acceptance sampling inspection plan (SeSIP), and multiple acceptance sampling
inspection plan (MaSIP). Many studies have been focused on the development of an extension of the
existing AcSIPs [1–4]. The time truncation technique is very useful when the nature of products is
destructive. The methodology of the time truncated AcSIP is that life test terminates at a predefined time
point t0 or when a cumulative number of failures larger than a given acceptance number c are observed.
If the observed cumulative number of failures is smaller than a given acceptance number c, then the lot is
accepted; otherwise, the lot is rejected. In recent times, exhaustive work has been done to develop the
time truncated AcSIP. In [5–8], the methods for Weibull distribution, Sushila distribution, transmuted
generalized inverse Weibull distribution, and Garima distribution have been developed, respectively. In
Aslam and Jun [9], the generalized log-logistic distribution was studied, and in Rao [10], the Marshall-
Olkin extended exponential distribution was analyzed. The generalized exponential distribution [11],
Maxwell distribution [12], half normal distribution [13], ASP with gamma distribution, Weibull
distribution, and Pareto distribution of the second type [14–16] have also been widely studied. In
addition, the generalized half-normal distribution with a single ASP and inverse log-logistic distribution
with the group and double ASP was examined in [17,18]. In Al-Omari et al. [19], an ASP based on
truncated life tests for Akash distribution was proposed. Further, in Al-Omari et al. [20], the authors
proposed an ASP when the lifetime follows the Rama distribution. The ASP based on the new Weibull-
Pareto distribution was presented in Al-Omari et al. [21], and the ASP for Ishita distribution was reported
in Al-Nasser et al. [22].

In Dodge [23], a special AcSIP known as the chain sampling inspection plan (ChSP) was designed. The
usage of the past lot quality information is the crucial part of the ChSP, which reduces the consumer and
producer’s risks significantly. In the ChSP, the decision on lot acceptance or rejection is based not only
on the quality of the current sample but also on the quality of the past-submitted lots. The ChSP is also
known as ChSP-1. An extended version of the ChSP denoted as MChSP-1 was proposed in Govindaraju
and Balamurali [24]. In 2018, Luca developed a re-extended version of the MChSP-1 that is referred to
as the modified chain sampling plan (MChSP). The MChSP is suitable for both to attribute and variable
inspection plans. In addition, Luca showed that the MChSP could be preferable over the other existing
plans; more details about the MChSP can be found in Luca [25]. The modified group chain sampling
plans for lifetimes following the Rayleigh distribution were presented in Jamaludin et al. [26]. The chain
sampling plan for variables inspection was studied in [27,28].

To the best of the authors’ knowledge, in the SQC-related literature, there has been no study on the
development of MChSP time truncated life test for the Darna probability distribution in the case of
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attribute quality characteristic. In order to address this shortcoming, this paper presents an attribute MChSP
for the time truncated life test under the assumption of the Darna distribution (DD). Also, using the attribute
MChSP of the DD, estimation of the suggested parameters plan is studied with the help of the two-point
approaches, the acceptable quality level (AQL) and the limiting quality level (LQL).

The rest of the paper is organized as follows. In Section 2, the design of the proposed attribute sampling
plan is presented. A brief description of the DD and the proposed plan are described in detail in Section 3. In
Section 4, a study of the tables and hypothetical examples are provided to understand the methodology of the
proposed plan. In Section 5, the proposed plan is verified using two real datasets. Finally, concluding remarks
and future scope of the proposed ChSP are given in Section 6.

2 Darna Distribution

The DD that was proposed in Shraa and Al-Omari [29] is explained in the following. The DD represents

a special mixture of the exponential and gamma distributions (i.e., Exp
h
�

� �
and Gamma 3;

h
�

� �

distributions) with a mixing factor
2�2

2�2 þ h2
. The DD is a widely used lifetime distribution due to its

flexible properties. In Shraa and Al-Omari [29], several statistical properties of the Darna distribution
were derived. The probability density function (PDF) and cumulative distribution function (CDF) of the
two parameters DD are respectively given by:

f x; �; hð Þ ¼ h

2�2 þ h2
2�þ h4x2

2�3

� �
e
�
hx
� ; x > 0; � > 0; h > 0; h 6¼ �; (1)

F x; �; hð Þ ¼ 1� 4�4 þ 2�2h2 þ h4x2 þ 2�h3x

2�2 2�2 þ h2
� �

 !
e
�
hx
� ; x > 0; � > 0; h > 0; (2)

where � and u denote the shape and scale parameters of the DD, respectively, and the mean is expressed as:

l ¼ E Xð Þ ¼ � 4�2 þ 6h2
� �

2h 2�2 þ 6h2
� � : (3)

The reliability and hazard functions of the DD distribution are respectively given by:

Rðx; h; aÞ ¼ 4a4 þ 2a2h2 þ h4x2 þ 2ah3x

2a2 2a2 þ h2
� � e�

hx
a ; x > 0; a > 0; h > 0; (4)

Hðx; h; aÞ ¼ 4a4hþ h5x2

4a5 þ 2a3h2 þ ah4x2 þ 2a2h3x
: (5)

It has been observed that the DD possesses different characteristics, for instance, the increasing and
decreasing hazard rate functions depend on the distribution parameters. The behavior of the hazard rate
function of the DD is quite similar to some real-life situations. Hence, it is better to use the DD for the
truncated life test of the MChSP.
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3 Truncated Plan for DD

This section discusses the proposed plan when the time of the items follows the DD. The main part of
designing the proposed plan is to estimate the plan parameters. The plan parameters characterize the AcSIP,
and they include the sample size n, acceptance number C, and the number of previous lots i. The design steps
of the proposed plan are as follows:

1. Select a sample of size n from the current lot and test it for time s0.
2. Observe the number of defective units D till s0 and reject the lot if D > C.
3. If D � C; the lot is accepted provided that there is at most one lot among the preceding i lots in which the

number of defective units exceeds the criterion C; otherwise, the lot is rejected.
The acceptance probability in the proposed AcSIP is based on the plan parameters, i.e., the operating

characteristic (OC) function of the MChSP ([21]), which is given by:

Pa p; n; C; ið Þ ¼ r ri þ iri�1 1� rð Þ� �� 	
; (6)

where r ¼ P D � Cð Þ is defined by the probability that the observed number of defective units found in a
lot is less than the criterion C. In Luca [25], the special case of MChSP� n; C; ið Þ has been discussed, and it
has been stated that special case is as follows: the OC-curve of an MChSP� n; 0; ið Þ plan will approximate
that of an MChSP�1� n; ið Þ plan. The mathematical expression of the OC function can be obtained by
Eq. (2) as follows:

Pa p; n; C; ið Þ ¼
XC

j¼0

n

j

� �
pj 1� pð Þn�j

� �
�

XC
j¼0

n

j

� �
pj 1� pð Þn�j

� �i

þ i
XC

j¼0

n

j

� �
pj 1� pð Þn�j

� �i�1

1�
XC

j¼0

n

j

� �
pj 1� pð Þn�j

� �
 �" #
:

(7)

The probability of item failure before the predefined termination time s0 can be expressed in the form of
CDF of a Darna distribution as p ¼ F s0ð Þ.

A main part of the MChSP is to determine the sampling plan parameters. The problem of determining the
plan parameters n; C; ið Þ can be handled by the two-point approach considering the AQL and LQL. A certain
condition associated with the two-point approach is that the OC curve passes approximately through the two
points AQL; 1 � að Þ½ �; LQL; b½ � and satisfies the following non-linear conditions simultaneously:

Pa p0; n; C; ið Þ � 1� að Þ; (8)

Pa p1; n; C; ið Þ � b: (9)

Two risks are associated with the AcSIP, the producer’s risk that is denoted as a,which represents the
probability of rejection of a good lot, and consumer’s risk that is denoted as b, which represents the
probability of acceptance of a bad lot. Basically, the two-point approach result depends on the two risks.
The acceptance probabilities of a lot regarding the values of AQL p0ð Þ and LQL p1ð Þ denoted as
Pa p0; n; C; ið Þ and Pa p1; n; C; ið Þ, respectively, are beneficial to determine the plan parameter by the
two-point approach as follows:
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Pa p0; n; C; ið Þ ¼
XC
j¼0

n

j

� �
pj0 1� p0ð Þn�j

 !
�

PC
j¼0

n

j

� �
pj0 1� p0ð Þn�j

 !i

þi
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j¼0
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� �
pj0 1� p0ð Þn�j

 !i�1

1� PC
j¼0

n

j

� �
pj0 1� p0ð Þn�j

 !( )
2
666664

3
777775;

(10)

Pa p1; n; C; ið Þ ¼
XC
j¼0

n

j

� �
pj1 1� p1ð Þn�j

 !
�

PC
j¼0

n

j

� �
pj1 1� p1ð Þn�j

 !i

þi
PC
j¼0

n

j

� �
pj1 1� p1ð Þn�j

 !i�1

1� PC
j¼0

n

j

� �
pj1 1� p1ð Þn�j

 !( )
2
666664

3
777775:

(11)

Hence, the suggested plan parameters can be determined with the help of the two-point approach for
various values of AQL, LQL, a and b: In this way, the acceptance probability of a good lot is larger than
the producer’s confidence level 1 � að Þ; and that the acceptance probability of a bad lot is smaller than
the consumer’s risk bð Þ:

4 Proposed Plan Tables and Hypothetical Example

This section describes the proposed plan tables for various combinations of distribution parameters �
and h. The plan parameters of the proposed time truncated MChSP for the DD parameters of
� ¼ 1; h ¼ 2, and producer’s risk a = 0:05 and for the predefined values of termination ratio
s0=l ¼ 0:5; 0:75; 1:00 and the quality level l=l0 ¼ 2; 3; 4; 5; 6; 7; 8 are given in Tab. 1. The
acceptance probability Pa p; n; C; ið Þð Þ of a lot for some pre-specified values of �; h; a, and l=l0 is also
presented in Tab. 1. As shown in Tab. 1, in most of the cases, when the value of termination ratio
increases, the required sample size decreases, and this result holds for all the values of quality level l=l0
and b. In practice, the required sample size for the decision is directly related to the lot quality and the
number of non-conforming units present in the lot, so if the quality level increases and the tolerable
number of non-conforming units in a lot decreases, then the required sample size to make a decision on a
lot at a particular b value decreases with the predefined value of the termination ratio a.

Similarly, as shown in Tab. 2 the required sample size nð Þ; acceptance number Cð Þ, and past information
ið Þ are in favor of the predefined values of termination ratio að Þ, quality level m=m0ð Þ, and producer’s risk
a ¼ 0:05ð Þ when � ¼ 2 and h ¼ 2: The trend of the required sample size in Tab. 2 is similar to that in
Tab. 1, where it can be noted that the quality level increases and the acceptance number decreases when
the required sample size decreases. Also, the acceptance probability of a lot for specific parameters of the
proposed plan and predefined values of �; u; a; and m=m0 is given in Tab. 2.

For � ¼ 3 and h ¼ 4, the plan parameters n; C; ið Þ for predefined values of termination ratio að Þ,
quality level m=m0ð Þ, and producer’s risk a ¼ 0:05ð Þ are given in Tab. 3. Based on values given in
Tab. 3, when the termination ratio increase, the required sample size decreases for all values of quality
level m=m0 and b: This result is similar to those in Tabs. 1 and 2.
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Table 1: Plan parameters of the MChSP for the DD when � ¼ 1; h ¼ 2, and a ¼ 0:05

a ¼ s0=l0 ¼ 0:5 a ¼ s0=l0 ¼ 0:75 a ¼ s0=l0 ¼ 1:00

b l=l0 n c i Pa p; n; C; ið Þ n c i Pa p; n; C; ið Þ n c i Pa p; n; C; ið Þ
0.25 2

3
4
5
6
7
8

19
15
14
10
8
8
4

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.9129326
0.9784324
0.9715519
0.9702509
0.9217422
0.9393697
0.8299037

13
11
9
7
6
6
3

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.9301482
0.9770062
0.9814941
0.9721130
0.9111660
0.9308453
0.8135238

10
8
7
5
4
4
2

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.9415789
0.9867023
0.9839336
0.9808507
0.9351930
0.9499143
0.8343976

0.10 2
3
4
5
6
7
8

21
18
16
13
12
12
7

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.8597598
0.9509138
0.9542991
0.9378454
0.8421201
0.8751623
0:7216032

14
12
11
9
8
8
4

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.8963390
0.9648046
0.9597415
0.9412188
0.8521258
0.8831545
0.7594404

11
9
8
6
6
6
3

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.8974846
0.9744644
0.9716313
0.9649588
0.8607577
0.8902303
0.7621836

0.05 2
3
4
5
6
7
8

23
19
18
14
14
14
9

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.7899453
0.9379399
0.9318432
0.9241577
0.7983393
0.8389675
0:6573736

15
13
12
10
9
9
6

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.8531295
0.9486578
0.9447756
0.9210757
0.8203283
0.8569940
0:6618210

12
10
9
7
7
7
4

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.8356943
0.9559457
0.9547299
0.9436621
0.8190513
0.8559769
0:6962194

0.01 2
3
4
5
6
7
8

26
22
22
17
19
19
3

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0:6582939
0.8854602
0.8706815
0.8747187
0:6857136
0:7430569
0:5455568

17
15
14
11
12
12
8

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0:7387327
0.9023452
0.9060818
0.8978667
0.7211636
0.7733539
0.5767497

13
11
11
8
9
9
6

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.7562429
0.9297346
0.9058262
0.9169203
0.7320368
0.7827361
0:5809239

Table 2: Plan parameters of the MChSP for the DD at � ¼ 2; h ¼ 2, and a ¼ 0:05

a ¼ s0=l0 ¼ 0:5 a ¼ s0=l0 ¼ 0:75 a ¼ s0=l0 ¼ 1:00

b l=l0 n c i Pa p; n; C; ið Þ n c i Pa p; n; C; ið Þ n c i Pa p; n; C; ið Þ
0.25 2

3
4
5
6
7
8

15
12
11
8
6
6
4

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.8628052
0.9638656
0.9586899
0.9577203
0.9110972
0.9312825
0.7609789

11
9
8
6
5
5
3

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.8735199
0.9614834
0.9585323
0.9521457
0.8779204
0.9045707
0.737232

9
8
6
5
4
4
2

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.8846118
0.9420008
0.9711721
0.9465927
0.8735824
0.9008579
0.7642155
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Table 2 (continued).

a ¼ s0=l0 ¼ 0:5 a ¼ s0=l0 ¼ 0:75 a ¼ s0=l0 ¼ 1:00

b l=l0 n c i Pa p; n; C; ið Þ n c i Pa p; n; C; ið Þ n c i Pa p; n; C; ið Þ
0.10 2

3
4
5
6
7
8

16
14
12
10
9
9
5

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.8129313
0.9261359
0.9433650
0.9201482
0.8202025
0.8578244
0.7107482

12
10
9
7
6
6
4

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.7997378
0.9341099
0.9345892
0.9237010
0.8317033
0.8669749
0.6659969

10
9
8
6
5
5
3

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.7871961
0.8926667
0.9047780
0.9053365
0.8114497
0.8499800
0.6680727

0.05 2
3
4
5
6
7
8

18
15
14
11
10
10
6

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.6881306
0.8998719
0.9037905
0.8966911
0.7875085
0.830736
0:6638331

13
11
10
8
8
8
5

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.7075964
0.8959305
0.9040856
0.8884320
0:7337722
0.7850338
0:6016449

11
9
9
6
6
6
4

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0:6593909
0.8926667
0.8545550
0.9053365
0:7464169
0.7954056
0:5840253

0.01 2
3
4
5
6
7
8

20
17
16
13
14
14
10

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.5421337
0.8310758
0.8522989
0.8411079
0.6548935
0.7173080
0.5051629

15
13
12
10
10
10
5

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.4924086
0.7842636
0.8237325
0.7995875
0.6357844
0.6999346
0.4909942

12
10
10
7
8
8
5

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.5156488
0.8228549
0.7938558
0.8526048
0.6172351
0.6829456
0.5105515

Table 3: Plan parameters of the MChSP for the DD at � ¼ 3; h ¼ 4, and a ¼ 0:05

a ¼ s0=l0 ¼ 0:5 a ¼ s0=l0 ¼ 0:75 a ¼ s0=l0 ¼ 1:00

b l=l0 n c i Pa p; n; C; ið Þ n c i Pa p; n; C; ið Þ n c i Pa p; n; C; ið Þ
0.25 2

3
4
5
6
7
8

16
13
11
8
7
7
4

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.8764381
0.9641666
0.9695051
0.9666782
0.8988053
0.9213037
0.7787090

12
10
8
6
5
5
3

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.8677807
0.9558582
0.9699064
0.9627240
0.8956280
0.9185155
0.7573046

10
8
7
5
4
4
2

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.8562117
0.9614357
0.9592349
0.9587332
0.8925261
0.9158215
0.7832200

0.10 2
3
4
5
6
7
8

18
15
14
10
10
10
6

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.7854251
0.9310744
0.9276257
0.9365151
0.8144558
0.8527220
0.6871678

13
11
8
6
5
5
4

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.8010336
0.9295978
0.9699064
0.9627240
0.8956280
0.9185155
0.6902835

11
9
8
6
5
5
3

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.7602712
0.9277248
0.9302402
0.9261764
0.8381095
0.8715330
0.6931594

(Continued)
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Hypothetical example: Suppose that the lifetime of an item follows the DD with parameters � and u as
given in Tab. 1 when the producer’s risk is a ¼ 0:05 and the consumer’s risk is b. Also, suppose that the
termination ratio and quality level are 0:5 and 4, respectively. Then, the plan parameters n; C; ið Þ of the
proposed plan are 14; 3; 2ð Þ, and the probability of lot acceptance is 0:9715519. Assume the sample size
is 14, and that all 14 units are tested. Truncate the lifetime test of 14 selected units of the sample at
time t. Record the number of failures from the lifetime test and reject the lot if the number of failures is
D > C. Accept the lot if D � C ¼ 3ð Þ and if there is at-most one lot among the preceding two lots in
which the number of defective units D exceeds the criterion of C ¼ 3.

5 Proposed Plan Evaluation using Real Data

In this section, two real-life situations are discussed and the descriptions of these examples are presented.
The descriptive statistics of the data includes the minimum, first quartile Q1ð Þ, median, mean, third quartile
Q3ð Þ, maximum, CS (coefficient of skewness), and CK (coefficient of kurtosis), as given in Tab. 4. Before the
verification of the proposed plan using these data, it was checked whether the considered datasets supported
the DD by conducting the goodness-of-fit test. The goodness-of-fit test based on the Kolmogorov-Smirnov
(K-S) statistics compares the empirical and theoretical models by computing the maximum absolute
difference between the empirical and theoretical CDFs, and it is defined as Dn ¼ Supx Fn xð Þ � F x; �ð Þj j,
where, � ¼ u; �ð Þ, Supx represents the supremum of the set of distances, Fn xð Þ denotes the empirical
distribution function, and F x; �ð Þ is the cumulative distribution function. The two discrimination criteria,
Akaike information criteria (AIC) and Bayesian information criteria (BIC), were considered based on the
likelihood function evaluated at the maximum likelihood estimates (MLEs). The criteria were defined as

AIC ¼ �2l �̂
� 

þ 2k and BIC ¼ �2l �̂
� 

þ 2ln nð Þ, where l �̂
� 

denoted the log-likelihood function

evaluated at the MLEs, k was the number of model parameters, and n denoted the sample size. The
model with the lowest values of AIC and BIC was chosen as the best model to fit the data. The MLE

values of l �̂
� 

; AIC; BIC; K � S statistic, and p are given in Tab. 5. The plots of histogram

densities, empirical versus theoretical CDFs, and P-P plots for datasets I and II are displayed in Figs. 1
and 2, respectively.

Table 3 (continued).

a ¼ s0=l0 ¼ 0:5 a ¼ s0=l0 ¼ 0:75 a ¼ s0=l0 ¼ 1:00

b l=l0 n c i Pa p; n; C; ið Þ n c i Pa p; n; C; ið Þ n c i Pa p; n; C; ið Þ
0.05 2

3
4
5
6
7
8

19
16
15
12
12
12
7

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.7295450
0.9085753
0.9087760
0.8959352
0.7542229
0.8023383
0.6455154

14
12
11
8
8
8
5

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.7194027
0.9295978
0.9006042
0.9118991
0.7675100
0.8130548
0.6291937

11
9
9
7
6
6
4

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.7602712
0.9277248
0.8919891
0.8839194
0.7801846
0.8233456
0.6134476

0.01 2
3
4
5
6
7
8

22
19
18
14
16
16
11

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.5358335
0.8146093
0.8375831
0.8455975
0.6336429
0.6979492
0.5026686

16
13
13
10
11
11
7

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.5282448
0.8497188
0.8280175
0.8392868
0.6336912
0.6972853
0.5227549

13
11
10
8
8
8
6

5
4
3
2
1
1
0

3
3
2
2
1
1
1

0.5117059
0.8127723
0.8446347
0.8327703
0.6621827
0.7219010
0.4804700
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Dataset I: The dataset I was taken from Lawless [30], and it included the failure times in minutes for
15 electronic components obtained by the accelerated life test, which were as follows: 1.4, 5.1, 6.3, 10.8,
12.1, 18.5, 19.7, 22.2, 23, 30.6, 37.3, 46.3, 53.9, 59.8, and 66.2. This dataset follows the DD, and the
maximum likelihood estimates of the distribution parameters were �̂ ¼ 2:10832758 and

ĥ ¼ 0:07659991. The mean lifetime l0ð Þ of the dataset based on the estimated parameters was 27:5602.
It was supposed that an experimenter set the termination ratio t=m0ð Þ at 0:5; then, the termination time
was 13:7801 when the consumer’s risk was 0:25. The optimal parameters of the suggested sampling plan
for the considered specifications were n ¼ 13; C ¼ 6; and i ¼ 11. When the experimenter set up the
MChSP plan according to the above-mentioned specifications, the MChSP was as follows:

Table 4: Descriptive summary of real datasets

Dataset Minimum Q1 Median Mean Q3 Maximum CS CK

I 1.40 11.45 22.20 27.55 41.80 66.20 0.5660 2.0596

II 0.013 1.390 5.320 7.831 10.043 48.105 2.3105 9.4268

Table 5: Model fitting results of real datasets

Dataset Estimates L-L AIC BIC K-S p-value

I �̂ ¼ 2:1083 −64.74054 133.4811 134.8972 0.1558 0.8077

ĥ ¼ 0:0766

II �̂ ¼ 2:0433 −152.8345 309.6691 313.4931 0.1079 0.6056

ĥ ¼ 0:2666
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Figure 1: Histogram-density, CDFs, and P-P plots for dataset I
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� Select a sample of size 13 from a submitted lot and start with the normal inspection; then, test the units
up to the truncation time of 13:7801 minutes.

� Record the number of non-conforming units Dð Þ from the selected sample of the submitted lot and
reject the lot if D > C.

� IfD > C 6ð Þ, accept the lot if there is at-most one lot among the preceding 11 lots in which the number
of defective units D exceeds the criterion C 6ð Þ.

At the true mean lifetime of 82:6806 minutes, i.e., the quality ratio of m=m0 ¼ 3; the probability of lot
acceptance was 0:9984183.

Dataset II: The second dataset consisted of the failure times (in weeks) of 50 components. This dataset
was considered by Jose and Paul [31], and the failure times in this dataset were as follows: 0.013, 0.065,
0.111, 0.111, 0.613, 0.309, 0.426, 0.535, 0.684, 0.747, 0.997, 1.284, 1.304, 1.647, 1.829, 2.336, 2.838,
3.269, 3.997, 3.981, 4.52, 4.789, 4.849, 5.202, 5.291, 5.349, 5.911, 6.018, 6.427, 6.456, 6.572, 7.023,
7.087, 7.291, 7.787, 8.596, 9.388, 10.261, 10.731, 11.658, 13.006, 13.388, 13.842, 17.152, 17.283,
19.418, 23.471, 4.777, 32.795, and 48.105.

The lifetime of this dataset followed the Darna distribution, and the maximum likelihood estimates were

�̂ ¼ 2:0432835 and ĥ ¼ 0:2666318. Accordingly, based on the estimated parameters, the mean lifetime l0ð Þ
of the dataset was 7:792705. It was supposed that the termination ratio t=l0ð Þ was set at 0:5; then, the
termination time was 3:896352 for the consumer’s risk of 0:01. For these specifications, the optimal design
parameters were n ¼ 50; C ¼ 20, and i ¼ 12. Based on these assumptions, the MChSP was as follows:

� Select a sample of size 50 from a submitted lot with the normal inspection and test the units up to the
truncation time of 3:896352 minutes.

� Record the number of non-conforming units Dð Þ from the selected sample of the submitted lot and
reject the lot if D > C.

� IfD > C 20ð Þ; accept the lot if there is at-most 1 lot among the preceding 12 lots in which the number
of defective units D exceeds the criterion C ¼ 20ð Þ.
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Figure 2: Histogram-density, CDFs, and P-P plots for dataset II
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At the true mean lifetime of 15:58541 minutes, i.e., the quality ratio of m=m0 ¼ 2; the probability of lot
acceptance was 0:9984634.

6 Conclusions

In this paper, an MChSP for the time truncated test when the lifetime of products follows the DD is
proposed. The proposed plan parameters at the producer’s risk of a ¼ 0:05 and consumer’s risk of
b ¼ 0:25; 0:10; 0:05; 0:01 are provided. A hypothetical example is also presented for a better
understanding of the proposed MChSP. Also, examples of two rel data sets are considered to show the
usefulness of the suggested plan. In addition, the proposed method for the DD can be used as a reference
for the development of MChSP for other non-normal distributions. Also, the suggested MChSP in this
paper can be modified by using other sampling methods, such as the ranked set sampling methods [32–35].
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