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Abstract 

Acceptance Sampling plays a very important role in industry for monitoring 

process and evaluating complains. In this article, a new designing approach is 

followed under truncated life testing based on the percentiles for Modified 

Weibull Distribution (MWD). The OC curve and its associated risks were 

obtained for the specified percentile life. The ratio for the basic quality levels 

were carried out based on the percentile and specified percentile life. The 

Producer risk is fixed at 5% level and their ratio ensure the sampling plan values 

and its users. Suitable tables were developed for the plan parameter for the 

effective use of the end user’s.  

Keywords: Acceptance sampling, producer’s risk, truncated life test, operating 

characteristic curve. 

 

INTRODUCTION 

In today’s modern era quality plays an important role in maintaining quality product in 

industry, Quality can be evaluated by statistical monitoring of the process or acceptance 

sampling. According to Dodge and Romig (1929), Acceptance sampling (AS) 

technique is a methodology in which the decision is made whether to accept or reject a 

lot based on the sample inspection. Acceptance sampling can be classified as attribute 

sampling plan and variable sampling plan. If a decision is made on the quality of the 

product the sampling plan can applied is said to be attribute acceptance sampling plan 

and when it is based on the products mean and variance the acceptance sampling plan 
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adopted is said to be variable acceptance sampling plan. In this context the quality 

characteristic of lifetime of the product then the sampling plan is said to be reliability 

sampling plan or acceptance sampling plan used for life testing. If the lifetime of the 

product represents the quality characteristics, the acceptance sampling is as follows an 

illustration: a company receives a shipment of product from a seller. This product is 

often a component or raw material used in the company’s manufacturing process. A 

sample is taken from the lot and the relevant quality characteristic of the units in the 

sample is inspected. On the basis of the information in the sample, a decision is made 

regarding lot temperament. Traditionally, when the life test suggests that the mean life 

of products exceeds the specified one, the lot of products is accepted, otherwise it is 

rejected. Accepted lots are put into production, while rejected lots may be returned to 

the seller or may be subjected to some other lot disposition actions. For the purpose of 

shortening the test time and cost, a truncated life test may be conducted to determine 

the sample size to ensure a certain mean life of products when the life test is terminated 

at a time t0, and the number of failures does not exceed a given acceptance number 𝑐. 

A common practice in life testing is to terminate the life test by a predetermined time 

t0 and note the number of failures. One of the objectives of these experiments is to set 

a lower confidence limit on the mean life. It is then to establish a specified mean life 

with a given probability of at least 𝑝∗ which provides protection to consumers. The test 

may be terminated before the time is reached or when the number of failures exceeds 

the acceptance number 𝑐 in which case the decision is to reject the lot. 

Studies regarding truncated life tests can be found in Epstein [1], Sobel and Tischendrof 

[2], Goode and Kao [3], Gupta and Groll [4], Gupta [5], Fertig and Mann [6], Kantam 

and Rosaiah [7], Baklizi [8],Wu and Tsai [9], Rosaiah and Kantam [10], Rosaiah et al. 

[11], Tsai and Wu [12], Balakrishnan et al. [13], Srinivasa Rao et al. [14], Srinivasa 

Rao et al. [15], Aslam et al. [16], and Srinivasa Rao et al. [17]. All these authors 

developed acceptance sampling plans based on the mean life time under a truncated life 

test. In contrast, Lio et al. [18] considered acceptance sampling plans for percentiles 

using truncated life tests and assuming Birnbaum-Saunders distribution. Srinivasa Rao 

and Kantam [19] developed similar plans for the percentiles of log-logistic distribution. 

Balakrishnan et al. [20], Rao and Kantam [21], Roa et al. [22] and Rao [23] developed 

the Acceptance Sampling plans based on percentiles for truncated life tests. Percentiles 

are taken into account because lesser percentiles provide more information than mean 

life regarding the life distribution. The 50th percentile is the median which is equivalent 

to the mean life. So, literatures prove this as the generalization of acceptance sampling 

plans based on the mean life of products. 

Percentile is the most appropriate average for decision making rather than mean and 

median in case of skewed lifetime distributions and more generalized measure in case 

of symmetrical distributions. This motivated the researcher to develop truncated life 

test plans based on the percentiles. 
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Ammar et al [24] introduce a new three-parameter distribution function called as 

modified Weibull distribution(MWD) with three parameters α, β, γ and it will be 

denoted as MWD(α, β, γ). It is observed that the MWD(α, β, γ) has decreasing or 

unimodal PDF and it can have increasing (starting from the value of α), decreasing and 

constant hazard functions. 

In this paper the life time of the product is assumed to follow Modified Weibull 

Distribution. Operating characteristic (OC), producer’s risk and Examples based on real 

fatigue life data sets are provided for an illustration. 

 

2. The Modified Weibull Distribution  

The Cumulative Distribution Function (CDF) of the MWD (α, β, γ) takes the following 

Percentile form 

𝐹(𝑡; 𝛼, 𝛽, 𝛾) = 1 − 𝑒−𝛼𝑡−𝛽𝑡
𝛾
, 𝑡 > 0,   … (1) 

Where α, β≥0, γ>0 such that α + β > 0.  Here α is a scale parameter, while β and γ are 

shape parameters. 

The Probability Distribution Function (PDF) of MWD (α, β, γ) is 

𝑓(𝑡; 𝛼, 𝛽, 𝛾) = (𝛼 + 𝛽𝛾𝑡𝛾−1)𝑒−𝛼𝑡−𝛽𝑡
𝛾
, 𝑡 > 0, … (2) 

And the hazard function of MWD (α, β, γ) is 

ℎ(𝑡; 𝛼, 𝛽, 𝛾) = 𝛼 + 𝛽𝛾𝑡𝛾−1, 𝑡 > 0, )              … (3) 

When γ=2, the quantile function is  
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3. DEVELOPMENT OF THE ACCEPTANCE SAMPLING PLANS 

Assume that a common practice in life testing is to terminate the life test by pre-settled 

time t, the probability of rejecting a bad lot be at least p , and the maximum number 

of allowable bad items to accept the lot be c. The acceptance sampling plan for 

percentiles under a truncated life test is to set up the minimum sample size n for this 

given acceptance number c such that the consumer’s risk, the probability of accepting 

a bad lot, does not exceed 1- p . A bad lot means that the true 100qth percentile, tq 

below the specified percentile tq
0. Thus, the probability p is a confidence level in the 

sense that the chance of rejecting a bad lot with tq > tq
0 is at least equal to p . Therefore, 

for a given p , the proposed acceptance sampling plan can be characterized by the 

triplet (n, c, t/tq
0). 

 

3.1 Minimum Sample Size 

ASSP is an inspection procedure used to determine whether to accept or reject a specific 

lot.  Since the success and failure are experienced in frequent mode and also of larger 

sized lots the parameter is said to follow binomial distribution with parameter (n, c, p). 

Assumptions for the construction of ASP through MWD percentiles are, 

(1) Let the proposed single sampling plan procedure is said to follow binomial 

distribution with parameter (n, c, p). 

(2)  Let p be the failure probability observed during specified time t is obtained through,

);( 0tFp   

(3)  Let c be the acceptance number that is, if the number of failures is less than c for 

the specified time t we accept the lot and also we have,
 

0
);();( 0 qq tttFtF  

                                                  
 

SSP is the basic for all acceptance sampling. For an SSP, one sample of items 

is selected at random from a lot and the disposition of the lot is determined from the 

resulting information. These plans are also denoted as (n, c) plans since there are n 
observations and the lot is rejected if there are more than c defectives. Since the output 

is conforming or non-conforming, SSP follows binomial distribution denoted by B (n, 
c, p).  

The procedure is to develop single sampling plan whose parameter p is assumed to 

follow MWD with parameter δ0=t/tq
0. Where, t and tq

0 are the specified test duration 

and specified 100qth percentile of the MWD respectively. 

According to Cameron (1952), see [4] the smallest size n can be obtained by satisfying, 
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Where p* is the probability of rejecting a bad lot and (1-p*) is the consumer’s risk. 

Since p=F (t, δ0) depends on δ0, it is sufficient to specify δ0.  

 

3.2 Operating Characteristic Function and Producer’s Risk 

The operating characteristic function of the sampling plan B (n, c, p) gives the 

probability of accepting the lot L(p) with  
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The producer’s risk (α) is the probability of rejecting a lot when
0

qq tt  . And for the 

given producer’s risk (α), p as a function of dq should be evaluated from the condition 

given by Cameron (1952) as 








 



 1)1(
0

ini
c

i
pp

i
n

                                                            
 

Where p=F (t,δ0)  and F(.) can be obtained as a function of dq. For the sampling plan 

developed, the d0.1 values are obtained at the producer’s risk α=0.05.  

 

Construction of Tables 

Step 1: Find the value of η for α=0 and q=0.1. 

Step 2: Set the evaluated η, c=1 and t/tq= 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8 and 0.9. 

Step 3: Find the smallest value of n satisfying 
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  where p* is 

the probability of rejecting the bad lot. 

Step 4: For the n value obtained find the ratio d0.1 such that 
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4. ILLUSTRATIVE EXAMPLES 

Example 

Suppose γ=2, t=20hrs, t0.1=50hrs, c=1, α = 0.05, β=0.01, Then, η =0.6491 is calculated 

from the equation derived under percentile estimator and the ratio, t/t0.1=0.4 and from 

Table 2 the minimum sample size suitable for the given information is found to be as 

n=42 and the respective L(p) values for the Acceptance sampling plan (n, c,  t/t0.1) = 

(42, 1, 0.01) with p* = 0.75 under WPD from Table 4 are, 

 

Table 4: (n, c, t/t0.1) = (42, 1, 0.01) with p* = 0.75 under MWD 

t0.1/t0.1
0 0.25 0.5 0.75 1 1.25 1.5 1.75 2 2.25 2.5 2.75 

L(p) 0000 0.0001 0.0413 0.2314 0.4655 0.6469 0.7674 0.8443 0.8934 0.9252 0.9463 

 

This shows that if the actual 10th percentile is equal to the required 10th percentile (

1/ 0

1.01.0 tt ) the producer’s risk is approximately 0.7686(1- 0.2314). From Table 3, we 

get the values of d0.1 for different choices of c and t/t0.1
0in order to assert that the 

producer’s risk is less than or equals 0.05. In this example, the value of d0.1 should be 8 

for     c = 1, t/t0.1=0.01 and p* =0.95. This means the product can have a 10th percentile 

life of 8 times the required 10th percentile lifetime in order that under the above 

acceptance sampling plan the product is accepted with probability of at least 0.95.  

Figure1. Shows the OC curves for the sampling plan ( n ,c, t/tq0.1
0) with p∗=0.75 for 

δ0 =1, where c = 1.  

 

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 0.5 1 1.5 2 2.5 3

P
ro

b
ab

ili
ty

 O
f 

A
cc

ep
ta

n
ce

d 

OC Curve for MWD



Certain Studies on Acceptance Sampling Plans for Percentiles.. 349 

 

 

 

 



350 V. Kaviyarasu and P. Fawaz 

 

 



Certain Studies on Acceptance Sampling Plans for Percentiles.. 351 

 

Table 3: Operating Characteristic values of the sampling plan (n, c = 1, t/tq 0 
0.1) for a 

given *P under Modified Weibull Distribution 

P* n 
0

1.0qt
t  

0

1.0

1.0

tq
t   

0.25 0.5 0.75 1 1.25 1.5 1.75 2 2.25 2.5 2.75 

0.75 640 0.01 0.0000 0.0002 0.048 0.2495 0.4855 0.6634 0.7797 0.8532 0.8998 0.9298 0.9497 

161 0.02 0.0000 0.0002 0.0473 0.2476 0.4834 0.6617 0.7785 0.8523 0.8991 0.9294 0.9493 

72 0.03 0.0000 0.0002 0.0469 0.2465 0.4822 0.6607 0.7777 0.8518 0.8987 0.9291 0.9491 

42 0.04 0.0000 0.0001 0.0413 0.2314 0.4655 0.6469 0.7674 0.8443 0.8934 0.9252 0.9463 

28 0.05 0.0000 0.0001 0.0357 0.2151 0.4470 0.6312 0.7556 0.8357 0.8871 0.9206 0.9429 

19 0.06 0.0000 0.0001 0.0409 0.2302 0.4642 0.6457 0.7665 0.8437 0.8929 0.9248 0.9460 

15 0.07 0.0000 0.0000 0.0310 0.2005 0.4296 0.6163 0.7442 0.8273 0.8810 0.9161 0.9396 

12 0.08 0.0000 0.0000 0.0265 0.1852 0.4108 0.5999 0.7315 0.8179 0.8741 0.9110 0.9358 

9 0.09 0.0000 0.0001 0.0361 0.2159 0.4475 0.6316 0.7558 0.8358 0.8872 0.9207 0.9429 

0.90 924 0.01 0.0000 0.0000 0.0078 0.0998 0.2891 0.4840 0.6371 0.7456 0.8199 0.8705 0.9053 

231 0.02 0.0000 0.0000 0.0079 0.1003 0.2900 0.4849 0.6379 0.7462 0.8204 0.8708 0.9055 

103 0.03 0.0000 0.0000 0.0078 0.1001 0.2897 0.4846 0.6376 0.7460 0.8202 0.8707 0.9054 

58 0.04 0.0000 0.0000 0.0080 0.101 0.2911 0.486 0.6389 0.7470 0.8210 0.8713 0.9059 

38 0.05 0.0000 0.0000 0.0071 0.0952 0.2815 0.4761 0.6303 0.7403 0.8158 0.8674 0.9029 

27 0.06 0.0000 0.0000 0.0064 0.0902 0.2727 0.4668 0.6224 0.7339 0.8109 0.8636 0.9000 

20 0.07 0.0000 0.0000 0.0063 0.0898 0.2721 0.4661 0.6217 0.7334 0.8105 0.8633 0.8998 

15 0.08 0.0000 0.0000 0.0076 0.0987 0.2872 0.4819 0.6353 0.7442 0.8188 0.8696 0.9046 

11 0.09 0.0000 0.0000 0.0128 0.1281 0.3333 0.5280 0.6740 0.7743 0.8417 0.8869 0.9177 

0.95 1125 0.01 0.0000 0.0000 0.0020 0.0501 0.1942 0.3780 0.5420 0.6681 0.7592 0.8237 0.8692 

282 0.02 0.0000 0.0000 0.0045 0.0755 0.2462 0.4382 0.5972 0.7137 0.7952 0.8516 0.8908 

125 0.03 0.0000 0.0000 0.0021 0.0509 0.1958 0.3799 0.5438 0.6696 0.7604 0.8246 0.8699 

71 0.04 0.0000 0.0000 0.0020 0.0496 0.1929 0.3763 0.5405 0.6668 0.7581 0.8228 0.8685 

45 0.05 0.0000 0.0000 0.0022 0.0523 0.1991 0.3838 0.5475 0.6727 0.7629 0.8266 0.8714 

32 0.06 0.0000 0.0000 0.0019 0.0486 0.1906 0.3735 0.5378 0.6645 0.7563 0.8214 0.8675 

23 0.07 0.0000 0.0000 0.0024 0.0543 0.2033 0.3889 0.5522 0.6766 0.7660 0.829 0.8733 

19 0.08 0.0000 0.0000 0.0014 0.0409 0.1723 0.3506 0.5157 0.6457 0.7412 0.8095 0.8581 

14 0.09 0.0000 0.0000 0.0025 0.0562 0.2074 0.3937 0.5567 0.6803 0.769 0.8313 0.8751 

0.99 1552 0.01 0.0000 0.0000 0.0017 0.0456 0.1838 0.3652 0.5299 0.6578 0.7509 0.8172 0.8641 

388 0.02 0.0000 0.0000 0.0001 0.0109 0.0792 0.214 0.3711 0.5143 0.6302 0.7191 0.7857 

175 0.03 0.0000 0.0000 0.0000 0.0101 0.0757 0.208 0.3641 0.5074 0.6242 0.714 0.7815 

98 0.04 0.0000 0.0000 0.0001 0.0105 0.0775 0.2111 0.3677 0.5109 0.6273 0.7166 0.7836 

64 0.05 0.0000 0.0000 0.0000 0.0095 0.0729 0.2031 0.3583 0.5018 0.6192 0.7098 0.778 

44 0.06 0.0000 0.0000 0.0001 0.0103 0.0765 0.2094 0.3657 0.509 0.6255 0.7152 0.7824 

33 0.07 0.0000 0.0000 0.0000 0.0094 0.0722 0.2018 0.3567 0.5002 0.6178 0.7086 0.7771 

25 0.08 0.0000 0.0000 0.0001 0.0103 0.0762 0.2089 0.3651 0.5084 0.625 0.7147 0.7821 

20 0.09 0.0000 0.0000 0.0000 0.0099 0.0744 0.2057 0.3613 0.5047 0.6217 0.712 0.7798 
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5. CONCLUSIONS 

This Paper has derived the acceptance sampling plans based on the Modified Weibull 

Distribution percentiles when the life test is truncated at a pre-fixed time. The procedure 

is provided to construct the proposed sampling plans for the percentiles of the Modified 

Weibull Distribution with known Parameter γ=2. To ensure that the life quality of 

products exceeds a specified one in terms of the life percentile, the acceptance sampling 

plans based on percentiles should be used. Also provides the sensitivity of the sampling 

plans in terms of the OC.  The industrial Designer and the experimenter to adopt this 

plan in order to save the cost and time of the experiment. This plan can be further 

studied for many other distributions, various quality levels, various Risks’(s) and 

reliability characteristics as future research. 
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