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Abstract 

The present study proposes a new modified group chain sampling plan for truncated life test when the lifetime 

of products follow a Kumaraswamy Generalized Power Weibull (KGPW) distribution. The results of optimal 

group size, mean ratio of true mean to the specified mean, operating characteristic values, minimum angles, 

acceptance quality level, lower quality level are obtained against the specified producer’s, consumer’s risk, test 

termination time and mean ratios. The performance of the proposed chart is also monitored through a real life 

dataset of 63 single carbon fibers’ measurements with specified gauge length. Control limits are constructed to 

check the quality of strength of a single carbon fibers at gauge length of 20-mm. From the results, it is observed 

that when the test termination time increases the operating characteristic and mean ratio of proposed plan also 

increase disproportionately.  

Keywords: Optimal group size, producer’s risk, consumer’s risk, mean ratio, test termination time, acceptance 

quality level.  

Mathematics Subject Classification: 90B25· 60K10 62N05 

1. Introduction 

Acceptance sampling plan is considered as a well-known quality control tool, which is adopted to ensure the 

quality of product and services. It comprises a set of techniques which are implemented for the inspection of 

incoming products of lots and a decision is made about the lot’s acceptance or rejection. This technique 
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facilitates in such a way that instead of inspecting the entire lot, decision can be made based on a sample drawn 

from the entire lot. It is obvious that if the sample items are supposed to be good, the lot will be accepted 

accordingly. Whereas, the decision will lead us to the rejection of lot if the sample items are not as much good 

and it has to be returned back to the supplier. The specified sampling plan is used to decrease the expenses 

related to the inspection process and helps in identifying whether the products are good for marketing or not. In 

addition to this it protects both producers and consumers from future lose by minimizing the producer’s and 

consumer’s risks where producer’s risk is the risk of rejecting the good quality lot whereas, consumer’s risk is 

the risk of accepting the poor quality lot. Actual and expected difference of supplied quality products can also 

be figured out by using the sampling plan. Acceptance sampling plan is a cost-effective evaluation of many 

units in which all measurement equipment are capable and critical characteristics are being monitored. 

The particular sampling plan has an application in manufacturing unit and industries where inspection and 

quality assurance of every item is a necessity. Cost and time are the two major constraints which makes it 

impossible to conduct 100% inspection. The acceptance and rejection of items in inspection process is based on 

the samples drawn from submitted lot at regular intervals during manufacturing process. 

The basic concept of chain sampling inspection plan was actually proposed by Dodge [1] aimed to overcome 

the shortfalls of single acceptance sampling plan with the help of cumulative information of different random 

samples, not completely depends upon one sample anymore. Rosaiah et al. [2] considered the well-known 

Rayleigh distribution to model the lifetime of products based on acceptance sampling. Jun et al. [3] proposed 

single and double sampling plans for the lot of acceptance when the products followed the Weibull distribution. 

It was observed that in chain sampling plan, current submitted lot is accepted given that one defective item is 

found in the sample and further considering that all other samples have one defective product. For the testing of 

the group containing number of items, an acceptance sampling plan was proposed by Aslam and Jun [4]. The 

SKSP-3 plan was introduced by Balamurali and Subramani [5] which was the extension of the skip-lot 

sampling plan. The new proposed plan worked better than the skip-lot plan in terms of reduced inspection costs. 

According to the proposed plan, Weibull distribution was used for the lifetime of the products. Rao [6] also 

explored a sampling plan which comprises the lifetime of products following the generalized exponential 

distribution. Ramaswamy and Jayasri, [7] worked on time truncated chain sampling plans based on generalized 
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exponential distribution. Many studies about time truncated chain sampling plans for generalized exponential 

distribution, Marshall-Olkin extended exponential, log-logistic and inverse Rayleigh distributions have also 

been investigated by Ramaswamy and Jayasri [8-10]. Ramaswamy and Jayasri [11] also worked on the concept 

of chain sampling plans for time truncated based on Weibull distribution.  

Group chain sampling plan is an extensive idea from ordinary group sampling plan. The purpose of both plans 

is to reduce the inspection cost and time by placing groups of items where each group consists of a number of 

items for the considered procedure of inspection. To the best of our understanding, Aslam et al. [12] has 

designed a group sampling plan based on truncated life test for the items following gamma distribution. Under 

various distributions, Ramaswamy and Sutharani [13] designed a sampling plan based on time truncated life 

test with the help of minimum angle method.  

Mughal et al. [14] worked on time truncated group chain sampling strategy when the lifetime of items follow 

Pareto distribution of the second kind. Jamaludin et al. [15] developed a modified group chain sampling plans 

for lifetime following a Rayleigh distribution. Teh et al. [16] also proposed group chain sampling plans based 

on truncated life tests for log-logistic and Rayleigh distributions. 

Teh et al. [17] worked on group chain sampling plans based on truncated life tests for exponential distribution. 

the comparison of group chain acceptance plan was made with group acceptance sampling plan and 

performance of group chain sampling plan was found better in term of having minimum size of group,  cost, 

Labor and time efficient. In the next year, Teh et al. [18] proposed another approach in finding number of 

optimal groups for group chain acceptance sampling plans by using minimum angle method. By using this 

approach, the optimal group size was obtained.  

Many researchers consider group acceptance plans under different distributions in the recent years such as 

Sivakumar et al. [19] worked on a group acceptance sampling plan (GASP) when the lifetime of the products 

follows odd generalized exponential log-logistic distribution. Khan and Alqarni [20] proposed group 

acceptance sampling plan for inverse Weibull distribution, In these studies, design parameters values such as 

acceptance number, minimum group size, operating characteristic (OC) values and minimum mean ratios were 
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calculated under various quality levels. Hafeez et.al [21] used bayesian group chain sampling plan for Poisson 

distribution with gamma prior to minimize the average number of defective items. 

Recently, Teh et al. [22] established new group chain acceptance sampling plans using minimum angle method 

for generalized exponential distribution. It functions with four acceptance criteria. The study suggested a 

balanced approach between group and modified group of chain acceptance sampling plans by minimizing both 

producer’s and consumer’s risks. Aziz et al [23] introduced two-sided group chain sampling plans based on 

generalized exponential distribution. The findings showed that proposed plan could reduce the inspection time, 

cost and resources using smaller number of groups by providing the desired consumer’s protection. Therefore, 

in this study, a group chain sampling plan with minimum angle approach is developed to sentence the submitted 

lot when the lifetime of items following Kumaraswamy generalized power Weibull distribution. Tables and 

graphs are also constructed for selected designed parameters using two-point approach along with respective 

consumer’s and producer’s risks. Control charts on different subgroups samples are also constructed on real life 

data set of strength of a single carbon fibers at gauge length of 20-mm. 

The main conditions for a lot formation under the group chain sampling plan (GCSP) can be described that 

the lot should be taken from lots of a sequential streams series and the required quality level of lot should be 

same. Hence by using the GCSP under Kumaraswamy generalized power Weibull distribution, we will be able 

to find optimal group size for truncated life test by satisfying the consumer’s and producer’s risks. Also the 

mean ratios and probability of acceptance by using optimal number of groups will be calculated. The parameter 

estimation through minimum angle method will also be provided. Finally, real life application will justify the 

findings. 

1.1 Kumaraswamy Generalized Power Weibull (KGPW) Distribution 

Kumaraswamy generalized power Weibull distribution is the extension of generalized power Weibull 

(GPW) distribution that was developed by Selim and Badr [24]. It is widely used for constructing 

accelerated failures times models that identify the dependence of the lifetime distribution on explanatory 

variables. It also provides a good fit to the well-known randomly censored survival time’s data for patients 

at arm-A of the head-and-neck cancer clinical trial. The cdf and pdf of GPW distribution is: 
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Kumaraswamy [25] proposed a two-parameter distribution on (0, 1) called Kumaraswamy distribution, it is 

denoted by Kum(a, b). The cumulative distribution function (cdf) of Kumaraswamy distribution is 

described as 
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and the probability density function (pdf) of Kumaraswamy distribution is 
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By substituting the pdf and cdf of GPW distribution in cdf of Kumaraswamy distribution, the pdf of KGPW 

distribution can be obtained as: 
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2. Methodology  

The cumulative distribution function (cdf) of Kumaraswamy generalized power Weibull (KGPW) distribution 

is 
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where , , , , 0b     and 0 t  . Furthermore , , ,b    are referred as shape parameters while  is scale 

parameter. 

The thr order moment about mean life of KGPW distribution is given by  
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The scale parameter for 1r   and    , , , 2,1,1,2  b     can be expressed as 

   0.489   

Moreover, the scale parameter   can be written as 

                                                                 
0.489


                                      (6) 

The time termination 
0t is multiple of pre-assumed constant 𝑎 and specified mean life 

0 i.e. 

0 0t a                        (7) 

To find out the probability of defective items, as lifetime distribution function always depends only on 

termination time 0t and scale parameter , thus the probability of defective items is given by 

                                                                0;p F t                                       (8) 

According to Equation 7 and Equation 8 as function of pre-assumed constant a and mean ratio of true mean to 

the specified mean
0/  , the probability of defective can be expressed as 

                                                         0 0; /p F a                                      (9) 

Therefore by substituting fixed values of shape parameters as    , , , 2,1,1,2b     and using Equation 6; the 

defective probability KGPW distribution through Equation 4; can be written as: 
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Operating characteristic curve is considered to reveal the practical performance of various sampling plans. To 

determine the basic ideas of modified group chain acceptance sampling plan (GCASP), suppose lot size N , 

from which sample size n rg is randomly taken from whole lot. The r items in g  groups are placed for the 

purpose of testing. It is stated that current lot will be accepted if the true mean to the specified mean is greater 

than or equal to one i.e. 
0  and hence the quality of the current lot is considered to be good. On the other 

hand, quality of the lot will be bad. 

The probability of acceptance is defined as a function of deviation of specified mean from true mean. This 

function is known as operating characteristic (OC) function. Minimum group size can be obtained using the OC 

values of the given lot. Therefore, by substituting the value of the probability of defective in the OC function, 

the OC function of KGPW distribution, in case of group chain acceptance sampling plan (GCASP) can be 

calculated using the following equation: 

      
 

 
1

L    1 1 1
gr gr gri

KGPW KGPW KGPW KGPW KGPWp p rgp p p


         (11) 

Hence the procedure of group chain acceptance sampling plan (GCASP) can easily be understood by Figure 1. 

The foremost purpose of the GCASP is to find out its design parameters. Some mathematical formulas of 

probability of acceptance are shown, with the help of two-point approach, design parameters, minimum 

producer’s and consumer’s risks by satisfying the following inequalities: 
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where  L p denotes probability of acceptance under AQL  1p  and LQL 2( )p . The AQL is defined as the 

Acceptance Quality Level which provides maximum number of defective per hundred items. The LQL is the 

Lower or Limiting Quality Level which provides percentage of various items a lot contains. Moreover, LQL 

provides minimum consumer’s risk which ultimately protects the consumers. 



8 
 

By using the different levels of  , number of testers  r and producer’s risk 0.05,  the design parameters of 

proposed plan can be determined. 

A useful discriminating plan known as minimum angle technique with minimum angle which provides the 

tangent of angle between the lines joining the points  1  AQL,1p   ,
2( LQL,   )p  . It is shown in the Figure 

2. 

Tangent angle will be made by two lines AB and AC i.e.  

   
2 1

1 2

p pBC
tan

AC L p L p



 


       (14) 

If the tan  results in smaller value, the angle   will be close to zero. Thus the chord AB approaches to AC, 

which is the ideal condition, through  AQL,1   . Both consumer and producer favor this criterion because 

this approach minimizes producer’s and consumer’s risks simultaneously. In this paper, by using this minimum 

angle method, various parameters are designed by satisfying condition β 0.10 with producer’s risk 0.05, 

0

  4, 6, 8,1  0,1  2


  and 0.7, 0.8,1  .0,1  .2,1  .5, 2.0a  for the GCSP based on truncated life tests following KGPW 

distribution. 

3. Analysis and Interpretation  

The analysis section is comprised of four tables (Tables 1-4) and four figures (Figures 3-6). The Table 1 shows 

optimal group size of the proposed plan using fixed values of shape parameters while Table 2 addresses 

minimum ratio 
0




 
 
 

 of proposed plan. Table 3 and Table 4 are based on the operating characteristic (OC) 

values and minimum angle for proposed plan respectively. Similarly in Figure 3, the line chart of optimum 

number of groups of proposed plan is constructed. In Figure 4, mean ratio curves versus items in each group are 

compared and in Figure 5, OC curves regarding probability of acceptance of proposed plan are constructed. 

Finally, Figure 6 is constructed on the basis of minimum angle of proposed plan under different values of 

fraction defectives. 

The Illustration of the tables and figures can better be understood by the following interpretation: 
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Suppose an electrical device is manufactured by the investigator in a factory with the aim to ensure the lifetime 

of the electrical device. It is assumed that true unknown average life of the electrical device is at least 1200 

hours with 0.10  (Consumer’s risk), but it is stated that experiment will be stopped at 700 hours. It is also 

assumed that the number of preceding samples 1i  . Then minimum group size 4g  can be determined based 

on  and a  by satisfying the condition that  L p  . If no defective items are observed in 1i   for previous 

lot and for each group having 2r   number of items is tested, then the experiment can assert with 0.90 

confidence level that true average life is at least 1200 hours. While if one defective item found, it will provide 

that 1i   preceding samples 8n rg   are free from defective then lot will be accepted otherwise lot will be 

rejected. Thus, the required design of parameters of the proposed plan will be    , , , 0.7, 2,1  , 4a r i g  . For the 

parameters    , , , 2,1,1,2b     with 0.01,  the line chart of optimum number of groups of proposed plan 

is shown in Figure 3. From this figure, we understand that optimum groups g are decreased as the value of 

 2,3,4,5,6,7,8r  and    1,2,3,4,5,6,7i  are increased to a certain increase in test termination time multiplier 

. a Also, we observe that the proposed plan requires larger value of g when the value of 𝑎 is small. From Table 

2, suppose 8,   7r i  and if experiment time is taken 700 ( 0.7a  ) hours with 0.01  then it will provide the 

minimum mean ratio 
0

8.598


 under the same design of parameters, while if the specified time changes 

from 700 to 2000 then 
0




also increases from 8.598 to 17.378. From Figure 4, it is important to note that the 

values of mean ratio 
0




 are increased to their corresponding number of tester or items with 0.25  when 

the test termination time    a is high. 

For  
0

2


 , test termination time 700 hours  0.7  a   with 4g  , 4r  and 0.01  under the fixed values 

of consumer’s risk, the probability of accepting the lot will be 0.201 and if average mean ratio 
0

12,


 then 

the probability of accepting the lot will be    0.992L p   which is approximately equals to 1 (Table 3). 
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Therefore, it can be concluded from Table 3 and Figure 5 that probability of accepting of lot also increases as 

the mean ratio increases from 2 to 12. 

From Table 4 and Figure 6, let’s we take 0.7a  and 
0

6


 , each group having 3r  items and 2 i 

preceding lots with minimum producer’s and consumer’s risks  0.025,  0.038   satisfy the condition of 

inequality    1 20.95,   0.10L p L p  with 1 AQL 0.012p   and 2 LQL 0.304p   . The minimum producer’s 

and consumer’s risks will be found by taking 3 g  corresponding to minimum angle 17.311   . Thus, the 

required sampling plan has parameters  ( , ) 9,  2n i  . 

4. Application  

In this section, real data set regarding strength of data which is measured in GPA is taken from Bader and Priest 

[26]. They used different measurements of single carbon fibers at gauge lengths of 1, 10, and 20 and 50mm 

under tension for their experiments. Whereas, 63 observations of a sample contain only measurements of a 

single carbon fibers at gauge length of 20-mm is considered. The observations are listed below in increasing 

order. 

1.901, 2.132, 2.203, 2.228, 2.257, 2.350, 2.361, 2.396, 2.397, 2.445, 2.454, 2.474, 2.518, 2.522, 2.525, 2.532, 

2.575, 2.614, 2.616, 2.618, 2.624, 2.659, 2.675, 2.738, 2.740, 2.856, 2.917, 2.928, 2.937, 2.937, 2.977, 2.996, 

3.030, 3.125, 3.139, 3.145, 3.220, 3.223, 3.235, 3.243, 3.264, 3.272, 3.294, 3.332, 3.346, 3.377, 3.408, 3.435, 

3.493, 3.501, 3.537, 3.554, 3.562, 3.628, 3.852, 3.871, 3.886, 3.971, 4.024, 4.027, 4.225, 4.395, 5.020. 

By using the scheme of modified group chain sampling, to check whether the quality of real data set as strength 

of a single carbon fibers at gauge length of 20-mm is satisfactory or not, the lower, upper and central control 

limits are constructed based on the estimates of mean and standard deviation by using different optimal 

subgroups or group sizes and these subgroups are drawn randomly without replacement from the lot. The 

control limits structure is defined under different parameters of group chain sampling plan such as number of 

preceding samples or subgroups (  i ), group size ( g ) and item in each group (  r ). The required results under the 
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optimal parameters are described in Tables 5-7. Moreover, for the final decision, the control limits are 

constructed by using the following expression 

1X A S       (15) 

where 

 
1

22

3 A
A

cn c
   and 

2c depends upon subgroup size n i.e.
2

2
!

2 2

3
!

2

n

c
nn

 
 
 

 
 
 

. Further details are 

provided in the book by Agerwal [27]. 

Tables 5-7 demonstrate different results of upper, central and lower control limits which are based on different 

subgroups. In order to ensure the quality of 20-mm gauge length strength of single carbon fibers, the means of 

each group are placed along y-axis against x-axis which shows the subgroups.   

Then central limits are parallel to x-axis, whereas upper and lower control limits are parallel to abscissa drawn 

with smooth line. Thus it is observed from control charts that all sample means lie within the control limits 

under 7 and 3 optimal groups each having 9 and 21 items (Tables 5-6 and Figure 7, panels a-b) so it can be 

concluded that the quality strength of single carbon fibers is good. Taking subgroups of items can reduce cost 

and save the time that consume in inspection. Furthermore, greater efficiency can be seen due to little 

inspection time. 

Figure 7 (panels a-b) shows that the manufacturing products are under control but if all the 63 observations of 

carbon fibers are considered (Table 7 and Figure 7, panel-c), then some observations are above the upper 

control limit due to deterioration and some are below the lower control limits due to slackness. Such types of 

measurements are occurred due to faulty process. 

5.  Conclusion  

In this paper, a group chain acceptance sampling plan based on truncated life tests is presented. Assuming 

lifetime of items follows Kumaraswamy Generalized Power Weibull distribution. The minimum number of 

groups, probability of acceptance, minimum mean ratio and minimum angle are calculated. It is observed from 
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the table and figure of operating characteristic that as the test termination time increases, operating 

characteristic and mean ratio values of proposed plan also increase disproportionately even operating 

characteristic values reaches at maximum to 1. It can be suggested that the proposed sampling plan can be used 

in real practical situations for the industrial purposes to save time, to reduce cost and labor of the life test 

experiment.      

Glossary of Symbols and Abbreviations 

GCAS Group chain acceptance sampling ( )KGPWL p  probability of acceptance of  KGPW 

KGPW Kumaraswamy generalized power Weibull  , , , b    shape parameters 

GPW  Generalized Power Weibull 
Kgpwf  pdf of KGPW distribution 

  Kgpwf  pdf of GPW distribution 
KgpwF  cdf of KGPW distribution 

gpwF  cdf of GPW distribution r  Each groups having items 

0 t  termination time   scale parameter 

g  Number of groups d  Number of defectives 

c  Acceptance number   Minimum Angle 

a  Test termination time multiplier 
1p AQL  Acceptance Quality level (AQL) 

  Producer’s risk 
2p LQL  Lower Quality level (LQL) 

  Consumer’s risk  1L p   AQL, 1    

p  Probability of failure  2L p    LQL,     

 L p  Operating characteristics function  LCL Lower Control Limit 

0




 
 
 

 
Ratio of True average life  to the 

specified average life 0  

CL Central Limit 

𝜇0 Specified mean  UCL Upper Control Limit 

  True mean X  Estimated Mean 

KGPWp  probability of Failure under KGPW 
is  Estimated Standard Deviation 
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i  The number of preceding samples n  Random sample size 

 

References 

[1] Dodge, H. F. “Chain sampling inspection plan”. Industrial Quality Control, 11(4), pp. 10-13 (1955). 

[2] Rosaiah, K. and Kantam, R. R. L. “Acceptance sampling plan based on the inverse Rayleigh distribution”. 

Economic Quality Control, 20(2), pp. 277-286 (2005). 

[3] Jun, C. H. and Balamurali, S., and Lee, S. H. “Variable sampling plan for Weibull distribution lifetimes 

under sudden death testing”. IEEE Transections on Reliability, 55, pp. 53-58 (2006). 

[4] Aslam, M., and Jun, C. H.”A group acceptance sampling plan for truncated life test having Weibull 

distribution.” Journal of Applied Statistics, 36(9), pp. 1021-1027 (2009). 

[5] Balamurali, S. and Subaramani, J. “Economic design of SkSP-3 skip lot sampling plans”. International 

Journal of Applied Mathematics and Statistics, 6(A10), pp. 23-39 (2010). 

[6] Rao, G.S. “A group acceptance sampling plans based on truncated life tests for generalized exponential 

distribution”, Economic Quality Control, 24(1), pp. 75-85 (2009). 

[7] Ramaswamy, A. R. S. and Jayasri, S. “Chain sampling plans for time truncated based on generalized 

exponential distribution”. International Journal of Computational Engineering Research, 2(5), pp. 1402-

1407 (2012). 

[8] Ramaswamy, A. S. and Jayasri, S. “Time truncated chain sampling plans for Marshall-Olkin extended 

exponential distribution” .IOSR Journal of Mathematics, 5(1), pp. 1-5 (2013a). 

[9] Ramaswamy, A. S. and Jayasri, S. “Time truncated chain sampling plans for log-logistic distribution”. 

International Journal of Engineering Research and Development, 7(4), pp. 9-13 (2013b). 

[10] Ramaswamy, A. S. and Jayasri, S. “Time truncated chain sampling plans for inverse Rayleigh 

distribution”. International Journal of Engineering Science Technologies, 3(6), pp. 41-45 (2014). 

[11] Ramaswamy, A. S. and Jayasri, S. “Time truncated chain sampling plan for Weibull distribution”. 

International Journal of Engineering Research and General Science, 3(2), pp. 59-67 (2015). 

 



14 
 

[12] Aslam, M., Jun, C.H., and Ahmad, M. “A group sampling plan based on truncated life test for gamma 

distribution items”. Pakistan journal of Statistics, 25(3), pp. 333-340 (2009). 

 

[13] Ramaswamy, A.R.S. and Sutharani, R. “Designing double acceptance sampling plans based on truncated 

life tests in Rayleigh distribution using minimum angle method”. American Journal of Mathematics and 

Statistics,3(4), pp. 227-236 (2013). 

[14] Mughal, A. R., Zain, Z., and Aziz, N. “Time truncated group chain sampling strategy for Pareto 

distribution of the 2nd kind”. Research Journal of Applied Sciences, Engineering and Technology, 10(4), 

pp. 471-474 (2015). 

[15] Jamaludin, A. F., Zain, Z., and Aziz, N. “A modified group chain sampling plans for lifetimes following a 

Rayleigh distribution”. Global Journal of Pure and Applied Mathematics, 12(5), pp. 3941-3947 (2016). 

[16] Teh, M. A. P., Aziz, N., and Zain, Z. “Group chain sampling plans based on truncated life tests for log-

logistic distribution”. International Journal of Applied Engineering Research, 11(16), pp. 8971-8974 

(2016). 

[17] Teh, M. A. P., Aziz, N., and Zain, Z. “Group chain sampling plans based on truncated life tests for 

exponential distribution”. International Journal of Pure and Applied Mathematics, 119(3), pp. 491-500 (2018). 

[18] Teh, M. A. P., Aziz, N., and Zain, Z. “Group chain acceptance sampling plans (GChSP) for truncated life test 

by using minimum angle method”. AIP Conference Proceedings, 2184, (2019). 

https://doi.org/10.1063/1.5136399  

[19] Sivakumar, D. C. U., Kanaparthi, R., Rao. S. G., et al. “Odd generalized exponential log-logistic distribution 

group acceptance sampling plan”. Statistics in Transition New Series, 20(1), pp. 433-446 (2019). 

[20] Khan, K., and Alqarni, A. “A group acceptance sampling plan using mean lifetime as a quality parameter for 

inverse weibull distribution” .Advances and Applications in Statistics, 64(2), pp. 237-249 (2020). 

[21] Hafeez, W., Aziz, N., Zain, Z., et al. “Bayesian group chain sampling plan for Poisson distribution with 

gamma prior”. Computers, Materials & Continua,70(2), pp. 3891-3902 (2022). 

[22] Teh, M. A. P., Aziz, N., and Zain Z. “New group chain acceptance sampling plans (NGChSP-1) using 

minimum angle method for generalized exponential distribution”. Sains Malaysiana, 50(4), pp. 1121-1129 

https://www.researchgate.net/profile/Mohd_Azri_Pawan_Teh?_sg%5B0%5D=qt0Yuk7goVe2NgJPkf0ZLGOTR2WVobxB-pNOASlQrniDJV7VDHR5NxfqDw3YaIvKArLuz5k.qTS9a4k9SWlzaZG-iYgWKtnRy9Fw4a7GCzeHkaFBszVwINsPWUv5MGtEReLh99tomuGt-QFGbbTFmcCb2oEAYw&_sg%5B1%5D=S-jc7HPilCt23azGuEtEtINW8LfuyI1MeoH7SOcsgb20osgztohj82HwJZ9dTbbksGFST_8.qWfGVmOiZMJycOUD09OT8iZ4rkN3t9_Ql5Y4YRTFwln9ERa51hU1kc2dYUQDNFVpWTQKZoHaAcjy00lO5UAHIg
https://www.researchgate.net/profile/Nazrina_Aziz?_sg%5B0%5D=qt0Yuk7goVe2NgJPkf0ZLGOTR2WVobxB-pNOASlQrniDJV7VDHR5NxfqDw3YaIvKArLuz5k.qTS9a4k9SWlzaZG-iYgWKtnRy9Fw4a7GCzeHkaFBszVwINsPWUv5MGtEReLh99tomuGt-QFGbbTFmcCb2oEAYw&_sg%5B1%5D=S-jc7HPilCt23azGuEtEtINW8LfuyI1MeoH7SOcsgb20osgztohj82HwJZ9dTbbksGFST_8.qWfGVmOiZMJycOUD09OT8iZ4rkN3t9_Ql5Y4YRTFwln9ERa51hU1kc2dYUQDNFVpWTQKZoHaAcjy00lO5UAHIg
https://www.researchgate.net/profile/Zakiyah_Zain?_sg%5B0%5D=qt0Yuk7goVe2NgJPkf0ZLGOTR2WVobxB-pNOASlQrniDJV7VDHR5NxfqDw3YaIvKArLuz5k.qTS9a4k9SWlzaZG-iYgWKtnRy9Fw4a7GCzeHkaFBszVwINsPWUv5MGtEReLh99tomuGt-QFGbbTFmcCb2oEAYw&_sg%5B1%5D=S-jc7HPilCt23azGuEtEtINW8LfuyI1MeoH7SOcsgb20osgztohj82HwJZ9dTbbksGFST_8.qWfGVmOiZMJycOUD09OT8iZ4rkN3t9_Ql5Y4YRTFwln9ERa51hU1kc2dYUQDNFVpWTQKZoHaAcjy00lO5UAHIg
https://www.researchgate.net/profile/Mohd_Azri_Pawan_Teh?_sg%5B0%5D=qt0Yuk7goVe2NgJPkf0ZLGOTR2WVobxB-pNOASlQrniDJV7VDHR5NxfqDw3YaIvKArLuz5k.qTS9a4k9SWlzaZG-iYgWKtnRy9Fw4a7GCzeHkaFBszVwINsPWUv5MGtEReLh99tomuGt-QFGbbTFmcCb2oEAYw&_sg%5B1%5D=S-jc7HPilCt23azGuEtEtINW8LfuyI1MeoH7SOcsgb20osgztohj82HwJZ9dTbbksGFST_8.qWfGVmOiZMJycOUD09OT8iZ4rkN3t9_Ql5Y4YRTFwln9ERa51hU1kc2dYUQDNFVpWTQKZoHaAcjy00lO5UAHIg
https://www.researchgate.net/profile/Nazrina_Aziz?_sg%5B0%5D=qt0Yuk7goVe2NgJPkf0ZLGOTR2WVobxB-pNOASlQrniDJV7VDHR5NxfqDw3YaIvKArLuz5k.qTS9a4k9SWlzaZG-iYgWKtnRy9Fw4a7GCzeHkaFBszVwINsPWUv5MGtEReLh99tomuGt-QFGbbTFmcCb2oEAYw&_sg%5B1%5D=S-jc7HPilCt23azGuEtEtINW8LfuyI1MeoH7SOcsgb20osgztohj82HwJZ9dTbbksGFST_8.qWfGVmOiZMJycOUD09OT8iZ4rkN3t9_Ql5Y4YRTFwln9ERa51hU1kc2dYUQDNFVpWTQKZoHaAcjy00lO5UAHIg
https://www.researchgate.net/profile/Zakiyah_Zain?_sg%5B0%5D=qt0Yuk7goVe2NgJPkf0ZLGOTR2WVobxB-pNOASlQrniDJV7VDHR5NxfqDw3YaIvKArLuz5k.qTS9a4k9SWlzaZG-iYgWKtnRy9Fw4a7GCzeHkaFBszVwINsPWUv5MGtEReLh99tomuGt-QFGbbTFmcCb2oEAYw&_sg%5B1%5D=S-jc7HPilCt23azGuEtEtINW8LfuyI1MeoH7SOcsgb20osgztohj82HwJZ9dTbbksGFST_8.qWfGVmOiZMJycOUD09OT8iZ4rkN3t9_Ql5Y4YRTFwln9ERa51hU1kc2dYUQDNFVpWTQKZoHaAcjy00lO5UAHIg
https://doi.org/10.1063/1.5136399


15 
 

(2021). 

[23] Aziz, N., Hasim, Z.,  and Zain, Z. “Two sided group chain sampling plans based on truncated life test for 

generalized exponential distribution”.  Mathematics and Statistics, 9(4), pp. 439-444 (2021). 

[24] Selim, M. A., and Badr, A. M. “The Kumaraswamy generalized power Weibull 

distribution”. Mathematical Theory and Modeling, 6(2), pp. 110-124 (2016). 

[25] Kumaraswamy, P. “A generalized probability density function for double-bounded random 

processes”. Journal of hydrology, 46(1-2), pp. 79-88 (1980). 

[26] Bader, M.G. and Priest, A.M., “Statistical aspects of fibre and bundle strengthin hybrid composites”. 

Progress in science and engineering of composites. In Hayashi, T., Kawata, K., Umekawa S., (eds.), Tokyo: 

ICCM-IV, pp. 1129-1136 (1982). 

[27] Agerwal, B. L. Basic statistics. Rev. 4th ed. New Delhi: New Age International, India (2007). 

Table Captions 

Table 1. Optimal group size of the proposed plan with shape parameter    δ,b, γ, 2,1,1,2 

Table 2. Minimum ratio 
0




 
 
 

 of proposed plan with shape parameter    , , , 2,1,1,2b     

Table 3. Operating Characteristic of proposed plan with 4,  3r i  under shape parameter 

   , , , 2,1,1,2b     

Table 4. Minimum angle for proposed plan with 3,  2r i   

Table 5. Control limits for mean chart with 63,   9,  7 n rg r g     

Table 6. Control limits for mean chart with 63,  21n rg r   and   3g   

Table 7. Control limits for mean chart with 63,  63n rg r   and 1g   

Figure Captions 

https://www.researchgate.net/profile/Zakiyah_Zain?_sg%5B0%5D=qt0Yuk7goVe2NgJPkf0ZLGOTR2WVobxB-pNOASlQrniDJV7VDHR5NxfqDw3YaIvKArLuz5k.qTS9a4k9SWlzaZG-iYgWKtnRy9Fw4a7GCzeHkaFBszVwINsPWUv5MGtEReLh99tomuGt-QFGbbTFmcCb2oEAYw&_sg%5B1%5D=S-jc7HPilCt23azGuEtEtINW8LfuyI1MeoH7SOcsgb20osgztohj82HwJZ9dTbbksGFST_8.qWfGVmOiZMJycOUD09OT8iZ4rkN3t9_Ql5Y4YRTFwln9ERa51hU1kc2dYUQDNFVpWTQKZoHaAcjy00lO5UAHIg


16 
 

Figure 1.  Group Chain Acceptance Sampling Plan 

Figure 2. Minimum angle for 
1 p  and 

2p  

Figure 3. Line chart of optimum number of groups of proposed plan 

Figure 4: Mean ratio curve in respect different number of testers or items in each groups of proposed plan 

Figure 5. OC curve regarding probability of acceptance of proposed plan 

Figure 6. Minimum angle of proposed plan under different values fraction defectives 

Figure 7. Control charts for process mean under different group sizes 

Table 1. Optimal group size of the proposed plan with shape parameter    , , , 2,1,1,2b   

  r   i  a  

0.7 0.8 1.0 1.2 1.5 2.0 

0.25 

 

2 1 3 2 2 1 1 1 

3 2 2 1 1 1 1 1 

4 3 1 1 1 1 1 1 

5 4 1 1 1 1 1 1 

6 5 1 1 1 1 1 1 

7 6 1 1 1 1 1 1 

8 7 1 1 1 1 1 1 

0.10 

 

 

2 1 4 3 2 2 1 1 

3 2 3 1 1 1 1 1 

4 3 2 2 1 1 1 1 

5 4 2 1 1 1 1 1 

6 5 2 1 1 1 1 1 

7 6 1 1 1 1 1 1 

8 7 1 1 1 1 1 1 

0.05 2 1 5 4 3 2 1 1 
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3 2 3 3 2 2 1 1 

4 3 3 2 2 1 1 1 

5 4 2 2 1 1 1 1 

6 5 2 2 2 1 1 1 

7 6 2 1 1 1 1 1 

8 7 1 1 1 1 1 1 

0.01 

 

 

2 1 7 6 4 3 1 1 

3 2 5 4 3 2 2 1 

4 3 4 3 2 2 1 1 

5 4 3 2 2 1 1 1 

6 5 2 2 2 1 1 1 

7 6 2 2 1 1 1 1 

8 7 2 2 1 1 1 1 

[ 

Table 2. Minimum ratio 
0




 
 
 

 of proposed plan with shape parameter    , , , 2,1,1,2b     

  r  i  a  

0.7 0.8 1.0 1.2 1.5 2.0 

0.25 2 1 3.491 3.241 3.991 3.291 4.121 5.421 

3 2 3.989 3.159 3.919 4.709 5.889 7.861 

4 3 3.611 3.989 4.979 5.975 7.475 9.965 

5 4 4.365 4.765 5.985 7.385 8.996 11.958 

6 5 4.885 5.484 6.885 8.583 10.280 13.880 

7 6 5.477 6.257 7.757 9.258 11.659 15.438 

8 7 5.998 6.968 8.768 10.578 12.778 17.378 

0.10 2 1 4.278 3.978 3.991 4.978 4.121 5.421 

3 2 4.975 3.159 3.919 4.709 5.889 7.861 

4 3 5.178 5.878 4.979 5.975 7.475 9.965 

5 4 5.978 4.765 5.985 7.385 8.996 11.985 
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6 5 6.888 5.484 6.885 8.583 10.280 13.880 

7 6 5.477 6.257 7.757 9.258 11.658 15.438 

8 7 5.998 6.968 8.768 10.578 12.778 17.378 

0.05 2 1 4.628 4.718 4.984 4.978 4.121 5.421 

3 2 4.975 5.684 5.674 6.814 5.889 7.861 

4 3 6.214 5.878 7.204 5.975 7.475 9.965 

5 4 5.978 6.875 5.985 7.385 8.996 11.985 

6 5 6.888 7.864 9.854 8.583 10.280 13.880 

7 6 7.754 6.257 7.757 9.258 11.659 15.438 

8 7 5.998 6.968 8.768 10.578 12.778 17.378 

0.01 2 1 5.454 5.756 5.864 5.984 4.121 5.421 

3 2 6.484 6.554 7.253 6.814 8.514 7.861 

4 3 7.214 7.111 7.204 8.611 7.475 9.965 

5 4 7.410 6.875 8.611 7.385 8.996 11.985 

6 5 6.888 7.864 9.854 8.583 10.280 13.880 

7 6 7.754 8.801 7.757 9.258 11.659 15.438 

8 7 8.598 9.788 8.768 10.578 12.778 17.378 

 

Table 3. Operating Characteristic of proposed plan with 4,  3r i  under shape parameter    , , , 2,1,1,2b     

  g  a  

0




 

2 4 6 8 10 12 

0.25 1 0.7 0.751 0.969 0.993 0.997 0.999 0.999 

1 0.8 0.664 0.951 0.988 0.996 0.998 0.999 

1 1.0 0.493 0.900 0.973 0.990 0.996 0.998 

1 1.2 0.349 0.832 0.951 0.982 0.992 0.996 

1 1.5 0.197 0.708 0.900 0.960 0.982 0.990 

1 2.0 0.065 0.493 0.779 0.900 0.951 0.973 

0.10 2 0.7 0.478 0.898 0.973 0.990 0.996 0.998 
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2 0.8 0.371 0.849 0.958 0.984 0.993 0.997 

1 1.0 0.493 0.900 0.973 0.990 0.996 0.998 

1 1.2 0.349 0.832 0.951 0.982 0.992 0.996 

1 1.5 0.196 0.708 0.900 0.960 0.982 0.990 

1 2.0 0.065 0.493 0.779 0.900 0.951 0.973 

0.05 3 0.7 0.306 0.812 0.945 0.980 0.991 0.996 

2 0.8 0.371 0.849 0.958 0.985 0.994 0.997 

2 1.0 0.211 0.731 0.912 0.966 0.985 0.992 

1 1.2 0.350 0.833 0.951 0.982 0.992 0.996 

1 1.5 0.197 0.708 0.901 0.961 0.982 0.990 

1 2.0 0.065 0.493 0.779 0.901 0.951 0.973 

0.01 4 0.7 0.201 0.726 0.911 0.966 0.984 0.992 

3 0.8 0.213 0.737 0.915 0.967 0.985 0.992 

2 1.0 0.211 0.730 0.912 0.966 0.985 0.992 

2 1.2 0.112 0.601 0.849 0.937 0.971 0.984 

1 1.5 0.196 0.708 0.900 0.960 0.982 0.990 

1 2.0 0.065 0.493 0.779 0.900 0.951 0.973 

 

Table 4. Minimum angle for proposed plan with 3,  2r i   

a  

0




 
g  

1p   1L p  2p   2L p  tan    

0.7 6 3 0.012 0.975 0.304 0.038 0.312 17.311 

8 4 7.01×
310
 0.985 0.304 0.013 0.306 17.001 

10 4 4.52×
310
 0.993 0.304 0.013 0.306 16.993 

12 5 3.16×
310
 0.995 0.304 4.34×

310
 0.304 16.903 

0.8 6 2 0.016 0.981 0.369 0.064 0.385 21.070 

8 2 9.091×
310
 0.993 0.369 0.064 0.387 21.178 

10 2 5.880×
310
 0.997 0.369 0.064 0.389 21.272 

12 3 4.112×
310
 0.997 0.369 0.016 0.372 20.414 
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1.0 6 2 0.024 0.959 0.496 0.017 0.500 26.573 

8 2 0.014 0.985 0.496 0.017 0.497 26.438 

10 3 9.091×
310
 0.986 0.496 2.115×

310
 0.495 26.318 

12 3 6.369×
310
 0.993 0.496 2.115×

310
 0.494 26.283 

1.2 6 1 0.034 0.978 0.610 0.060 0.627 32.081 

8 2 0.020 0.971 0.610 3.532×
310
 0.610 31.365 

10 3 0.013 0.972 0.610 2.099×
410
 0.614 31.547 

12 4 9.091×
310
 0.975 0.610 1.248×

510
 0.616 31.625 

1.5 6 1 0.052 0.953 0.749 0.016 0.743 36.616 

8 1 0.031 0.983 0.749 0.016 0.743 36.614 

10 2 0.020 0.971 0.749 2.509×
410
 0.751 36.898 

12 3 0.014 0.968 0.749 3.973×
610
 0.759 37.201 

2.0 8 1 0.052 0.953 0.894 1.181×
310
 0.884 41.488 

10 1 0.034 0.978 0.894 1.181×
310
 0.880 41.349 

12 2 0.024 0.959 0.894 1.394×
610
 0.908 42.225 

 

Table 5. Control limits for mean chart with 63,   9,   7n rg r g     

Subgroups  i  Total  iX  Estimated Means  X  Estimated Subgroup SD ( )is  

1 29.416 3.269 0.600 

2 27.658 3.074 0.723 

3 25.966 2.885 0.735 

4 27.880 3.098 0.507 

5 29.240 3.249 0.799 

6 25.342 2.816 0.419 

7 27.234 3.026 0.546 

Total 192.736 21.415 4.331 
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Mean 3.059 3.059 0.619 

Control Limit LCL CL UCL 

2.382 3.060 3.737 

 

Table 6. Control limits for mean chart with 63,  21n rg r   and 3g   

Subgroups  i  Total  
iX  Estimated Means  X  Estimated Subgroup SD ( )is  

1 66.979      3.190        0.644 

2 61.518      2.930        0.574 

3 64.239      3.059        0.646 

Total 192.736 9.178 1.863 

Mean 3.059 3.059 0.621 

Control Limit  LCL CL UCL 

2.638 3.059 3.481 

 

Table 7. Control limits for mean chart with 63,  63n rg r   and 1g   

Subgroups  i  Total  iX  Estimated Means  X  Estimated Subgroup SD ( )is  

1 94.930 1.507 0.325 

Control Limit  LCL CL UCL 

2.825 3.059 3.294 
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Figure 1.  Group Chain Acceptance Sampling Plan 

 

 

 

 

 

 

 

 

 

Figure 2. Minimum angle for 1p and 2p  

 

 

Draw the Number of Groups  

Count the Number of Defective or Non-

Conforming items " "d  

Reject the submitted 

Lot 

 

0if    d  1if    d  
1if    d

 

Accept the submitted 

Lot 

 
Accept the Lot if zero Defective or non-

conforming items in i Previous lots 

 



23 
 

 

Figure 3. Line chart of optimum number of groups of proposed plan 

 

Figure 4. Mean ratio curve in respect different number of testers or items in each groups of proposed plan 
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Figure 5. OC curve regarding probability of acceptance of proposed plan 

 

Figure 6. Minimum angle of proposed plan under different values fraction defectives 
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Figure 7. Control charts for process mean under different group sizes 

a. 9,  7r g   

 
 

b. 21,  3r g   

 
 

c. 63,  1r g   
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