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INTRODUCTION


In the present scenario of globalization, liberalization and privatization the need for maintaining and improving quality standards is gaining momentum due to increasing competitions. To market any product to domestic or international level reliable quality manufacturing becomes a prime concern. India too become quality conscious and it is necessary to keep continuous watch over the quality of the goods.


A product with a history of consistently good quality requires less inspection than one which has no history or history of erratic quality. Accordingly it is a good practice to include inspection depending on level of quality.


Both the manufacturer and buyer of goods set certain standards that a product must meet. The manufacturer knows that when his production process is working correctly the product will usually meet specifications. Producer wants to ensure himself that the manufactured goods are according to the specification and do not contain a large number of defectives and the consumer is anxious not to be paying for substandard merchandise. This brings often the inspection procedure to be agreed to by both manufacturer and consumer so as not to unfairly penalize either. Such procedures are referred to as acceptance sampling.


The basic tool for the examination of the finished product is called acceptance sampling, in which a decision to accept or reject a lot is made on the basis of random samples drawn from it.


Acceptance sampling plans pioneered by Dodge and Romig are widely used in industries to make a decision whether to accept or reject a lot. With the introduction of modern quality management systems such as ISO 9000, acceptance sampling plans are used in goods inwards, in-process and final inspection stages of the production process. The most popularly used sampling plan is the single sampling plan. 

For selecting single sampling plan one has to choose its parameters relating to the standard quality level with reference to which the plan should operate and the degree of sharpness of inspection around that level.

 These circumstances motivated the researcher to study designing methods of the single sampling acceptance plan indexed with various quality indices.

SYNOPSIS


This dissertation traces the development and design of single sampling plan indexed with various quality indices.


The relevant literature for the preparation of the dissertation is given in review of literature.


Basic concepts include definitions, formulas, theoretical distributions and terms pertaining to the designing of single sampling plans. 
The content of this dissertation is presented in three chapters.


Chapter I presents the study of behaviour of OC, AOQ and ATI functions with reference to single sampling plan parameters. C‑program is presented to calculate OC, AOQ and ATI values numerically.


Chapter II presents the designing of single sampling inspection plan with desired operating characteristic curve passing through two designated quality indices AQL and LQL.


Chapter III presents the designing of single sampling plan with Maximum Allowable Percent Defective and the point of meet of the inflexion tangent of operating characteristic curve to the proportion axis. Conversion from one set to other identical sets interms of various quality indices are provided.


For the plans considered, tables are constructed to facilitate the user in 

(i) Selection of plan for any given situation.

(ii) Method of selection of plans.

(iii) Conversion from one set of parameters to another set.

Results of the study and the directions for further research are also indicated in Summary and Conclusion.

A list of Bibliography is added at the end.

Profile of the Study

In this dissertation the following papers are considered.

(i) Maximum Allowable Percent Defective (MAPD) Single Sampling Inspection by Attributes Plan of Soundararajan (1975).

(ii) On the Design of Single Sample Acceptance Sampling Plans of McWilliams (2001).
(iii) Design of Single Sampling Plan by Discriminant at MAPD of Ramkumar (2009).

REVIEW OF LITERATURE


Several papers have appeared relating to acceptance sampling plans. Considerable research work is observed on designing of single sampling plans to suit different situations.


Dodge and Roming (1929) designed single sampling attribute plans based on LTPD with minimum amount of inspection for making decision on submitted lot. They developed sampling plans for known values of AQL and LQL with probabilities of acceptance 0.95 and 0.10 with minimum amount of total inspection.

Campbell (1922) prepared probability curves showing Poisson’s Exponential Summation.


Catherine (1941) constructed table of percentage points of (2 distribution. Peach and Littauer (1946) presented tables for designing single sampling plan when the fraction defective is not greater than 0.10 using Poisson approximation. Grubbs (1949) presented designing of single sampling plan using beta approximation to binomial distribution. Cameron (1952) prepared tables for computing the operating characteristic of single sampling plans and for constructing single sampling plans for desired operating ratio. MIL-STD-105D (1963) presents the sampling procedures and tables for inspection by attributes. Guenther (1969) derived tables of distributions of hypergeometric, binomial and Poisson to obtain sampling plans.


Gupta and Kapoor (1976) provided basic ideals, methods and the uses of acceptance sampling in quality control. Dodge (1969) presented the evolution of acceptance sampling plans. Hald (1981) presented optimal single sampling plans of desired strength and derived theorems related to the designing of single sampling plans with suitable examples. Schilling (1982) provided the mathematical back ground and various acceptance sampling procedures to maintain quality standards. Duncan (1986) proposed quality control methods to suit industrial purposes.

Chakraborty (1989) gave the procedure to determine single sampling attribute plans with given indifference quality level and the slope at that point. Chakraborty (1990) gave solution methods for designing single sampling plans by assuming the incoming quality AQL and LQL as random variables. Hamaker (1959) has explained the designing of SSP adjusting for finite lot sizes. 

Govindaraju (1991), Balamurali and Kalyanasundaram (1997) discussed a special type of double sampling plan which has the same OC curve as the fractional acceptance number single sampling plan introduced by Hamaker (1950).


Mandelson (1962) has explained the desirability of developing a system of sampling plans indexed through the Maximum Allowable Percentage Defective (MAPD). Mayer (1967) has suggested that MAPD can be considered as a quality level along with certain other specifications relating to the OC curve. Soundararajan (1975) has proposed a procedure for designing single sampling attributes plan indexed by MAPD. 


Singh and Palanki (1976) have obtained an expression for quality level for determining the plan parameters. Stephens (1978) derived expressions for the parameters n and c by using Borges approximation of Binomial to normal distribution. Jacch (1980) provided the method of determination of acceptance numbers and sample sizes for attribute sampling plans.


McWilliams et al. (2001) provided a method of finding exact for single sample acceptance sampling plan. Montgomery (2004) outlined the basic theory and application of quality control techniques to analyse quality in manufacturing industries. Vijayaraghavan et al. (2005) presented the discussion on choosing the prior distribution for lot fraction nonconforming. Vijayaraghavan et al. (2008) presented a design methodology and tables for the selection of parameters of single sampling plans for specified requirements (strengths) under the conditions of a Poisson sampling distribution. Ramkumar (2009) presents a procedure for designing a single sampling plan indexed through Maximum Allowable Proportion Defective (MAPD) along with discriminant.

BASIC CONCEPTS


Basic concepts includes the terms and definitions, basic probability distributions and their approximations which are essential to prepare this dissertation are given.

Acceptance Sampling

Acceptance sampling is a methodology that deals with procedures by which decision to accept or not to accept are based on the results of the inspection of samples. According to Professor Dodge (1969), the major areas of accepting sampling are : lot-by-lot sampling by the method of attributes, lot‑by-lot sampling by the method of variables and Continuous sampling. Acceptance sampling plans give a definite assurance against passing / rejecting any lot based on the degree of protection to the consumer and the producer along with reduction in inspection expenses.


This dissertation relates to the review of designing and selection of single sampling plans by the methods of attributes.


Conforming Unit

Conforming unit is one which meets the acceptance criteria established for the characteristic being considered.

Nonconforming Unit

Nonconforming unit is one which does not meet the acceptance established for the characteristic being considered.

Inspection

Inspection is the process of measuring, examining, testing or otherwise comparing the unit of product with the requirements.

100 Percent Inspection

100 percent inspection means the inspection of every unit of product for the defect listed for an inspection station.

Sampling Inspection

Sampling inspection means the inspection of selected units for the nonconforming units from a given lot or production process.

Inspection by Attributes

Inspection by attributes is an inspection where by certain characteristics of unit or product are inspected and classified simply as conforming or not conforming to the specified requirements.

Acceptance Sampling Plan

An acceptance sampling plan is a specific plan that states the sampling size or sizes to be used and the associated acceptance and non-acceptance criteria.

Single Sampling Plan

A single sampling plan is a lot sentencing procedure in which only one sample is selected at random from the lot, and the disposition of the lot is determined based on the information contained in that sample only.

Quality Indices

Acceptance Quality Level (AQL)

The maximum percentage or proportion of variant units in a lot or batch that, for the purpose of acceptance sampling, can be considered satisfactory as a process average. In this dissertation, the AQL is taken as an index for designing sampling plan at which the probability of acceptance is greater than or equal to (1 – ().

Limiting Quality Level (LQL)

The percentage or proportion of variant units in a lot or batch for which, for the purpose of acceptance sampling the consumer wishes the probability of acceptance to be restricted to a specific low value. In this dissertation, the LQL is considered as an index for designing sampling plan at which the probability of acceptance is less than or equal to (.

Indifference Quality Level (IQL)

The percentage or proportion of variant units in a lot or batch that, for the purpose of acceptance sampling, in which probability of acceptance and rejection are equal.

Maximum Allowable Percent Defective (MAPD)

The quality level that corresponds to the point of inflection of the OC curve. It is quality level at which the second order derivative of the OC function Pa(p) with respect to p is zero. 

Relative Slope at IQL
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Producer’s Risk (()

For a given sampling plan, the probability of not accepting a lot the quality of which has designated numerical value representing a level which it is generally desired to accept.

Consumer’s Risk (()

For a given sampling plan, the probability of acceptance of a lot the quality of which has a designated numerical value representing a level which it is seldom desired to accept.

Operating Ratio (OR)

Operating ratio is used to characterize sampling plans. The operating ratio varies inversely with the acceptance number and may be used to derive individual plans for given values of ( and (.


Operating Ratio is defined by R  =  p2 / p1




where
   p1  =  Producer’s Quality Level






   p2  =  Consumer’s Quality Level

Operating Characteristic (OC) Curve


Associated with each sampling plan there is an OC curve which portrays the performance of the sampling plan against good and poor quality. OC curve shows graphically the interrelationship of risks, probabilities and qualities of a given sampling plan. Probability of acceptance of a lot with lot quality p is denoted by Pa(p).
Average Outgoing Quality Function (AOQ)

The average outgoing quality is the quality in the lot that results from the application of rectifying inspection. It is the average value of lot quality that would be obtained over a long sequence of lots from a process with fraction defective p.


Assume that the lot size is N and that all defectives are replaced with good units.


AOQ  =  p. Pa(p) (N – n) / N.


The average outgoing quality will vary as the fraction defective of the incoming lots varies. The curve that plots average outgoing quality against incoming lot quality is called an AOQ curve.The maximum ordinate on the AOQ curve represents the worst possible average quality that would result from the rectifying inspection program, and this point is called the average outgoing quality limit (AOQL).

Average Sample Number (ASN)

The average sample number is the expected value of the sample size required for coming to a decision either the acceptance or rejection of the lot in an acceptance-rejection sampling plan. Obviously it is a function of the incoming lot quality p.


ASN  =  sample size  =  n.

Average Total Inspection (ATI)

An important measure relative to rectifying inspection is the total amount of inspection required by the sampling program n + (1 – Pa(p)) (N – n) where p is lot quality and Pa(p) is probability of lot acceptance.

Theoretical Distributions

Attribute acceptance sampling plans use hyper geometric, binomial and Poisson distributions to calculate probability of acceptance. According to Schilling (1982), the conditions under which binomial, Poisson and hyper geometric models can be used are listed below.

Hyper Geometric Model

The hyper geometric distribution is fundamental to acceptance sampling. It is applicable when sampling an attribute characteristic from a finite lot without replacement. This method is exact for the case of nonconforming units for isolated lots. A random variable is said to have hyper geometric distribution, if its probability mass function is
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where N  
=  
lot size, N > 0


p  
=  
proportion defective in the lot, p  =  0, 1/N, 2/N ( 1


q  
=  
proportion effective in the lot, q  =  1 – p


n  
=  
sample size, n = 1, 2, 3 ( N

     Mean  
=  
np and Variance  =  npq (N – n) / ( N – 1)


A recursion formula to obtain successive values of the hyper geometric probability is


p(x + 1)  =  
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Binomial Model

This model is exact for the case of nonconforming units whenever n/N ( 0.10, where n and N are respectively the sample and lot size.


A random variable is said to have the binomial distribution if the probability mass function is


p(x)  =  
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where n  
=  
sample size, n > 0


p  
=  
proportion defective, 0 ( p ( 1


q  
=  
proportion effective, q = 1 – p


x  
=  
number of successes, x = 0, 1, 2 ( n

    Mean  
=  np and Variance  =  npq.


The successive probabilities can be calculated recursively using the formula


p(x + 1)  =  
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Poisson Model

This model is exact for the case of nonconformities when n/N < 0.10, n is large and p is small such that np is finite.


A random variable is said to have Poisson distribution, if its probability mass function is


p(x)  =  
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where (  
=  
mean number of defective, ( > 0


x  
=  
number of occurrence of defectives

      Mean  
=  
( and Variance  =  (

The successive values of the Poisson probabilities can be calculated using the recursion formula


p(x + 1)  =  
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CHAPTER  I 
SINGLE SAMPLING PLAN EVALUATION

This chapter presents the operating procedure of the single sampling plan, the performance measures of single sampling plan and construction of tables for OC, AOQ and ATI measures. The behaviour of performance measures with reference to change in parameters are also evaluated numerically when the number of defectives in the lot following Binomial and Poisson models. Selection of plans to the given specifications and a computer code to construct tables are also provided.

Single Sampling Plan

A single sampling plan is a lot-sentencing procedure in which a sample of n units is selected at random from the lot, and the disposition of the lot is determined based on the information contained in that sample only.

Operating Procedure

Let N be the lot size ; n, the sample size ; c, the acceptance number, i.e. maximum allowable number of defectives in the sample. The operating procedure of single sampling plan may be described as follows :

(i) Select a random sample of size n from a lot of size N.

(ii) Inspect all the units included in the sample. Let d be the number of defectives in the sample.

(iii) If d ( c, accept the lot, replacing defective units found in the sample by non-defective units.

(iv) If d > c, reject the lot and inspect the entire lot and replace all the defective units by standard ones.

Schematic Display of Operating Procedure of Single Sampling Plan


Example

Suppose that a lot of size N has been submitted for inspection. A single sampling plan is defined by the sample size n and the acceptance number c. 
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 It means that from a lot of size 1000 a random sample on n = 100 units is to be inspected and the number of nonconforming or defective units, d is to be observed. If the number of observed defectives, d is less than or equal to 2, accept the lot. If the number of observed defectives, d is greater than 2, reject the lot.

Performance Measures

Performance measures provide the basis for comparison of plans. By using these performance measures suitable plan may be identified to the given specifications.


The important performance measures are 

(i) OC function – describes the probability of acceptance in the long run for a given lot fraction defective. It highlights the degree of discrimination of the specification plan. It is defined by 

Pa(p)  =  
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(ii) Average Outgoing Quality function – describes the outgoing quality in the long run for a given lot fraction defective of submitted lot from the application of rectifying inspection

 AOQ  =  Pa(p) (N – n) / N.

(iii)
Average total inspection function – describes the amount of total inspection when we adopt a single sampling plan. If the lots contain no defective items, no lots will be rejected, and the amount of inspection per lot will be the sample size n. If the items are all defective, every lot will be submitted to 100 percent inspection, and the amount of inspection per lot will be the lot size N. Therefore


ATI  =  n + (1 – Pa(p)) (N – n)


Table 1.1 to 1.6 are constructed to estimate the OC, AOQ and ATI measures for different single sampling plans with binomial and Poisson models for lot fraction defective. Also performance measures curves are plotted.


The following salient features are observed from the table values and the graphical representations.

 A.
OC Function 

i)
When the lot quality deteriorates, irrespective of plan parameters n and c, the probability of acceptance decreases.

ii)
When the sample size remains the same, increase in the acceptance number increases the probability of acceptance irrespective of lot quality.

iii)
When the acceptance number remains constant, increase in the sample size decreases the probability of acceptance irrespective of lot quality.

B.
AOQ Function
i)
When the lot quality deteriorates, the average outgoing quality increases to a certain level and decreases again. It has an upper limit for certain quality irrespective of n and c.

ii)
When c remains constant, then the increases in n is accompanied with decrease in average outgoing quality value but it also exhibits increase to certain level of lot quality and then its starts decreasing from that quality.

iii)
When n remain fixed, the increase in c increases the average outgoing quality with the same trend of increasing to certain value of lot quality and then starts decreasing from that quality.

C.
ATI Function
i)
When the lot quality deteriorates, the average total inspection quality increases irrespective of n and c.

ii)
When c remains constant, then the increase in n is accompanied with increase in average total inspection.

iii)
When n remains fixed, the increase in c decrease the average total inspection.


Similar properties are observed for both Binomial and Poisson models.

Table – 1.1 OC function (Binomial Model)

	p
	c = 0
	c = 1
	c = 2

	
	n = 50
	n = 100
	n = 200
	n = 50
	n = 100
	n = 200
	n = 50
	n = 100
	n = 200

	0.001
	0.9512
	0.9047
	0.8186
	0.9988
	0.9953
	0.9825
	0.9523
	0.9092
	0.8349

	0.002
	0.9047
	0.8185
	0.6700
	0.9954
	0.9826
	0.9386
	0.9091
	0.8348
	0.7236

	0.003
	0.8605
	0.7404
	0.5483
	0.9899
	0.9632
	0.8782
	0.8700
	0.7736
	0.6471

	0.004
	0.8184
	0.6697
	0.4486
	0.9827
	0.9387
	0.8089
	0.8345
	0.7232
	0.5925

	0.005
	0.7783
	0.6057
	0.3669
	0.9738
	0.9101
	0.7357
	0.8023
	0.6814
	0.5513

	0.006
	0.7401
	0.5478
	0.3002
	0.9635
	0.8784
	0.6624
	0.7731
	0.6466
	0.5177

	0.007
	0.7038
	0.4953
	0.2453
	0.9518
	0.8445
	0.5913
	0.7466
	0.6172
	0.4880

	0.008
	0.6692
	0.4478
	0.2006
	0.9390
	0.8090
	0.5241
	0.7225
	0.5920
	0.4602

	0.009
	0.6323
	0.4049
	0.1639
	0.9252
	0.7726
	0.4617
	0.7006
	0.5702
	0.4330

	0.010
	0.6050
	0.3660
	0.1339
	0.9105
	0.7357
	0.4046
	0.6806
	0.5508
	0.4060

	0.011
	0.5751
	0.3308
	0.1094
	0.8950
	0.6988
	0.3529
	0.6623
	0.5334
	0.3789

	0.012
	0.5468
	0.2990
	0.0894
	0.8789
	0.6621
	0.3066
	0.6456
	0.5173
	0.3518

	0.013
	0.5198
	0.2702
	0.0730
	0.8621
	0.6261
	0.2653
	0.6302
	0.5022
	0.3250

	0.014
	0.4941
	0.2441
	0.0596
	0.8449
	0.5908
	0.2289
	0.6161
	0.4878
	0.2988

	0.015
	0.4696
	0.2206
	0.0486
	0.8273
	0.5565
	0.1968
	0.6031
	0.4738
	0.2732

	0.016
	0.4464
	0.1993
	0.0397
	0.8093
	0.5233
	0.1688
	0.5910
	0.4601
	0.2487

	0.017
	0.4243
	0.1800
	0.0324
	0.7911
	0.4913
	0.1445
	0.5797
	0.4465
	0.2253

	0.018
	0.4032
	0.1626
	0.0264
	0.7728
	0.4606
	0.1233
	0.5692
	0.4330
	0.2032

	0.019
	0.3832
	0.1468
	0.0215
	0.7543
	0.4312
	0.1051
	0.5593
	0.4195
	0.1825

	0.020
	0.3641
	0.1326
	0.0175
	0.7353
	0.4032
	0.0893
	0.5499
	0.4060
	0.1633

	0.025
	0.2819
	0.0795
	0.0063
	0.6435
	0.2834
	0.0387
	0.5090
	0.3383
	0.0890

	0.030
	0.2180 
	0.0475
	0.0022
	0.5552
	0.1946
	0.0162
	0.4735
	0.2727
	0.0453

	0.035
	0.1684
	0.0283
	0.0008
	0.4738
	0.1312
	0.0066
	0.4397
	0.2130
	0.0218

	0.040
	0.1298
	0.0168
	0.0002
	0.4004
	0.0871
	0.0026
	0.4061
	0.1618
	0.0101

	0.050
	0.0769
	0.0059
	0.0000
	0.2794
	0.0370
	0.0004
	0.3380
	0.0871
	0.0019

	0.060
	0.0453
	0.0020
	0.0000
	0.1900
	0.0151
	0.0000
	0.2715
	0.0434
	0.0003

	0.070
	0.0265
	0.0007
	0.0000
	0.1264
	0.0060
	0.0000
	0.2108
	0.0204
	0.0000

	0.080
	0.0154
	0.0003
	0.0000
	0.0827
	0.0023
	0.0000
	0.1587
	0.0091
	0.0000

	0.090
	0.0089
	0.0001
	0.0000
	0.0532
	0.0008
	0.0000
	0.1162
	0.0039
	0.0000


Effect of c and n on OC function (Binomial Model)
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Fig. 1.1 OC curve for SSP with different sample sizes 
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Fig. 1.2 OC curve for SSP with different acceptance numbers 

Table – 1.2 OC function (Poisson Model)

	p
	c = 0
	c = 1
	c = 2

	
	n = 50
	n = 100
	n = 200
	n = 50
	n = 100
	n = 200
	n = 50
	n = 100
	n = 200

	0.001
	0.9512
	0.9048
	0.8187
	0.9987
	0.9953
	0.9824
	0.9524
	0.9093
	0.8351

	0.002
	0.9048
	0.8187
	0.6703
	0.9952
	0.9824
	0.9384
	0.9093
	0.8351
	0.7239

	0.003
	0.8607
	0.7408
	0.5488
	0.9898
	0.9630
	0.8780
	0.8703
	0.7741
	0.6475

	0.004
	0.8187
	0.6703
	0.4493
	0.9824
	0.9384
	0.8087
	0.8351
	0.7239
	0.5931

	0.005
	0.7788
	0.6065
	0.3678
	0.9735
	0.9097
	0.7357
	0.8031
	0.6823
	0.5518

	0.006
	0.7408
	0.5488
	0.3011
	0.9630
	0.8780
	0.6626
	0.7741
	0.6475
	0.5180

	0.007
	0.7046
	0.4965
	0.2465
	0.9513
	0.8441
	0.5918
	0.7478
	0.6182
	0.4882

	0.008
	0.6703
	0.4493
	0.2018
	0.9384
	0.8087
	0.5249
	0.7239
	0.5931
	0.4603

	0.009
	0.6376
	0.4065
	0.1652
	0.9245
	0.7724
	0.4628
	0.7021
	0.5712
	0.4330

	0.010
	0.6065
	0.3678
	0.1353
	0.9097
	0.7357
	0.4060
	0.6823
	0.5518
	0.4060

	0.011
	0.5769
	0.3328
	0.1108
	0.8942
	0.6990
	0.3545
	0.6642
	0.5342
	0.3789

	0.012
	0.5488
	0.3011
	0.0907
	0.8780
	0.6626
	0.3084
	0.6475
	0.5180
	0.3519

	0.013
	0.5220
	0.2725
	0.0742
	0.8613
	0.6268
	0.2673
	0.6323
	0.5028
	0.3253

	0.014
	0.4965
	0.2465
	0.0608
	0.8441
	0.5918
	0.2310
	0.6182
	0.4882
	0.2991

	0.015
	0.4723
	0.2231
	0.0497
	0.8266
	0.5578
	0.1991
	0.6052
	0.4741
	0.2738

	0.016
	0.4493
	0.2018
	0.0452
	0.8087
	0.5249
	0.1712
	0.5931
	0.4603
	0.2494

	0.017
	0.4274
	0.1826
	0.0333
	0.7907
	0.4932
	0.1468
	0.5818
	0.4466
	0.2262

	0.018
	0.4065
	0.1652
	0.0273
	0.7724
	0.4628
	0.1256
	0.5712
	0.4330
	0.2043

	0.019
	0.3867
	0.1495
	0.0223
	0.7541
	0.4337
	0.1073
	0.5612
	0.4195
	0.1838

	0.020
	0.3678
	0.1353
	0.0183
	0.7357
	0.4060
	0.0915
	0.5518
	0.4060
	0.1648

	0.025
	0.2865
	0.0820
	0.0067
	0.6446
	0.2872
	0.0404
	0.5103
	0.3386
	0.0909

	0.030
	0.2231 
	0.0497
	0.0024
	0.5578
	0.1991
	0.0173
	0.4741
	0.2738
	0.0470

	0.035
	0.1737
	0.0301
	0.0009
	0.4778
	0.1358
	0.0072
	0.4398
	0.2151
	0.0232

	0.040
	0.1353
	0.0183
	0.0003
	0.4060
	0.0915
	0.0030
	0.4060
	0.1648
	0.0110

	0.050
	0.0820
	0.0067
	0.0000
	0.2870
	0.0404
	0.0000
	0.3386
	0.0909
	0.0023

	0.060
	0.0497
	0.0024
	0.0000
	0.1991
	0.0173
	0.0000
	0.2738
	0.0470
	0.0004

	0.070
	0.0301
	0.0009
	0.0000
	0.1358
	0.0072
	0.0000
	0.2151
	0.0232
	0.0000

	0.080
	0.0183
	0.0003
	0.0000
	0.0915
	0.0030
	0.0000
	0.1648
	0.0110
	0.0000

	0.090
	0.0111
	0.0001
	0.0000
	0.0610
	0.0012
	0.0000
	0.1235
	0.0051
	0.0000


Effect of c and n on OC function (Poisson Model)
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Fig. 1.3 OC curve for SSP with different sample sizes 
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Fig. 1.4 OC curve for SSP with different acceptance number 

Table – 1.3 Average Outgoing Quality (Binomial Model)

	p
	c = 0
	c = 1
	c = 2

	
	n = 50
	n = 100
	n = 200
	n = 50
	n = 100
	n = 200
	n = 50
	n = 100
	n = 200

	0.001
	0.000951
	0.000905
	0.000819
	0.000999
	0.000995
	0.000983
	0.000952
	0.000909
	0.000835

	0.002
	0.001809
	0.001637
	0.00134
	0.001991
	0.001965
	0.001877
	0.001818
	0.00167
	0.001447

	0.003
	0.002582
	0.002221
	0.001645
	0.00297
	0.00289
	0.002635
	0.00261
	0.002321
	0.001941

	0.004
	0.003274
	0.002679
	0.001794
	0.003931
	0.003755
	0.003236
	0.003338
	0.002893
	0.00237

	0.005
	0.003892
	0.003029
	0.001835
	0.004869
	0.004551
	0.003679
	0.004012
	0.003407
	0.002757

	0.006
	0.004441
	0.003287
	0.001801
	0.005781
	0.00527
	0.003974
	0.004639
	0.00388
	0.003106

	0.007
	0.004927
	0.003467
	0.001717
	0.006663
	0.005912
	0.004139
	0.005226
	0.00432
	0.003416

	0.008
	0.005354
	0.003582
	0.001605
	0.007512
	0.006472
	0.004193
	0.00578
	0.004736
	0.003682

	0.009
	0.005727
	0.003644
	0.001475
	0.008327
	0.006953
	0.004155
	0.006305
	0.005132
	0.003897

	0.010
	0.00605
	0.00366
	0.001339
	0.009105
	0.007357
	0.004046
	0.006806
	0.005508
	0.00406

	0.011
	0.006326
	0.003639
	0.001203
	0.009845
	0.007687
	0.003882
	0.007285
	0.005867
	0.004168

	0.012
	0.006562
	0.003588
	0.001073
	0.010547
	0.007945
	0.003679
	0.007747
	0.006208
	0.004222

	0.013
	0.006757
	0.003513
	0.000949
	0.011207
	0.008139
	0.003449
	0.008193
	0.006529
	0.004225

	0.014
	0.006917
	0.003417
	0.000834
	0.011829
	0.008271
	0.003205
	0.008625
	0.006829
	0.004183

	0.015
	0.007044
	0.003309
	0.000729
	0.01241
	0.008348
	0.002952
	0.009047
	0.007107
	0.004098

	0.016
	0.007142
	0.003189
	0.000635
	0.012949
	0.008373
	0.002701
	0.009456
	0.007362
	0.003979

	0.017
	0.007213
	0.00306
	0.000551
	0.013449
	0.008352
	0.002457
	0.009855
	0.007591
	0.00383

	0.018
	0.007258
	0.002927
	0.000475
	0.01391
	0.008291
	0.002219
	0.010246
	0.007794
	0.003658

	0.019
	0.007281
	0.002789
	0.000409
	0.014332
	0.008193
	0.001997
	0.010627
	0.007971
	0.003468

	0.020
	0.007282
	0.002652
	0.00035
	0.014706
	0.008064
	0.001786
	0.010998
	0.00812
	0.003266

	0.025
	0.007048
	0.001988
	0.000158
	0.016088
	0.007085
	0.000968
	0.012725
	0.008458
	0.002225

	0.030
	0.00654
	0.001425
	0.000066
	0.016656
	0.005838
	0.000486
	0.014205
	0.008181
	0.001359

	0.035
	0.005894
	0.000991
	0.000028
	0.016583
	0.004592
	0.000231
	0.01539
	0.007455
	0.000763

	0.040
	0.005192
	0.000672
	0.000008
	0.016016
	0.003484
	0.000104
	0.016244
	0.006472
	0.000404

	0.050
	0.003845
	0.000295
	0.0000
	0.01397
	0.00185
	0.00002
	0.01629
	0.004355
	0.000095

	0.060
	0.002718
	0.00012
	0.0000
	0.0114
	0.000906
	0.0000
	0.01629
	0.002604
	0.000018

	0.070
	0.001855
	0.000049
	0.0000
	0.008848
	0.00042
	0.0000
	0.014756
	0.001428
	0.0000

	0.080
	0.001232
	0.000024
	0.0000
	0.006616
	0.000184
	0.0000
	0.012696
	0.000728
	0.0000

	0.090
	0.000801
	0.000009
	0.0000
	0.004788
	0.000072
	0.0000
	0.010458
	0.000351
	0.0000


Table – 1.4 Average Outgoing Quality (Poisson Model)

	p
	c = 0
	c = 1
	c = 2

	
	n = 50
	n = 100
	n = 200
	n = 50
	n = 100
	n = 200
	n = 50
	n = 100
	n = 200

	0.001
	0.000951
	0.000905
	0.000819
	0.000999
	0.000995
	0.000982
	0.000952
	0.000909
	0.000835

	0.002
	0.00181
	0.001637
	0.001341
	0.00199
	0.001965
	0.001877
	0.001819
	0.00167
	0.001448

	0.003
	0.002582
	0.002222
	0.001646
	0.002969
	0.002889
	0.002634
	0.002611
	0.002322
	0.001943

	0.004
	0.003275
	0.002681
	0.001797
	0.00393
	0.003754
	0.003235
	0.00334
	0.002896
	0.002372

	0.005
	0.003894
	0.003033
	0.001839
	0.004868
	0.004549
	0.003679
	0.004016
	0.003412
	0.002759

	0.006
	0.004445
	0.003293
	0.001807
	0.005778
	0.005268
	0.003976
	0.004645
	0.003885
	0.003108

	0.007
	0.004932
	0.003476
	0.001726
	0.006659
	0.005909
	0.004143
	0.005235
	0.004327
	0.003417

	0.008
	0.005362
	0.003594
	0.001614
	0.007507
	0.00647
	0.004199
	0.005791
	0.004745
	0.003682

	0.009
	0.005738
	0.003659
	0.001487
	0.008321
	0.006952
	0.004165
	0.006319
	0.005141
	0.003897

	0.010
	0.006065
	0.003678
	0.001353
	0.009097
	0.007357
	0.00406
	0.006823
	0.005518
	0.00406

	0.011
	0.006346
	0.003661
	0.001219
	0.009836
	0.007689
	0.0039
	0.007306
	0.005876
	0.004168

	0.012
	0.006586
	0.003613
	0.001088
	0.010536
	0.007951
	0.003701
	0.00777
	0.006216
	0.004223

	0.013
	0.006786
	0.003543
	0.000965
	0.011197
	0.008148
	0.003475
	0.00822
	0.006536
	0.004229

	0.014
	0.006951
	0.003451
	0.000851
	0.011817
	0.008285
	0.003234
	0.008655
	0.006835
	0.004187

	0.015
	0.007085
	0.003347
	0.000746
	0.012399
	0.008367
	0.002987
	0.009078
	0.007112
	0.004107

	0.016
	0.007189
	0.003229
	0.000723
	0.012939
	0.008398
	0.002739
	0.00949
	0.007365
	0.00399

	0.017
	0.007266
	0.003104
	0.000566
	0.013442
	0.008384
	0.002496
	0.009891
	0.007592
	0.003845

	0.018
	0.007317
	0.002974
	0.000491
	0.013903
	0.00833
	0.002261
	0.010282
	0.007794
	0.003677

	0.019
	0.007347
	0.002841
	0.000424
	0.014328
	0.00824
	0.002039
	0.010663
	0.007971
	0.003492

	0.020
	0.007356
	0.002706
	0.000366
	0.014714
	0.00812
	0.00183
	0.011036
	0.00812
	0.003296

	0.025
	0.007163
	0.00205
	0.000168
	0.016115
	0.00718
	0.00101
	0.012758
	0.008465
	0.002273

	0.030
	0.006693
	0.001491
	0.000072
	0.016734
	0.005973
	0.000519
	0.014223
	0.008214
	0.00141

	0.035
	0.00608
	0.001054
	0.000031
	0.016723
	0.004753
	0.000252
	0.015393
	0.007529
	0.000812

	0.040
	0.005412
	0.000732
	0.000012
	0.01624
	0.00366
	0.00012
	0.01624
	0.006592
	0.00044

	0.050
	0.0041
	0.000335
	0.0000
	0.01435
	0.00202
	0.0000
	0.01693
	0.004545
	0.000115

	0.060
	0.002982
	0.000144
	0.0000
	0.011946
	0.001038
	0.0000
	0.016428
	0.00282
	0.000024

	0.070
	0.002107
	0.000063
	0.0000
	0.009506
	0.000504
	0.0000
	0.015057
	0.001624
	0.0000

	0.080
	0.001464
	0.000024
	0.0000
	0.00732
	0.00024
	0.0000
	0.013184
	0.00088
	0.0000

	0.090
	0.000999
	0.000009
	0.0000
	0.00549
	0.000108
	0.0000
	0.011115
	0.000459
	0.0000


Table – 1.5 Average Total Inspection (Binomial Model)

	p
	c = 0
	c = 1
	c = 2

	
	n = 50
	n = 100
	n = 200
	n = 50
	n = 100
	n = 200
	n = 50
	n = 100
	n = 200

	0.001
	96.36
	185.77
	345.12
	51.14
	104.23
	214
	95.315
	181.72
	332.08

	0.002
	140.535
	263.35
	464
	54.37
	115.66
	249.12
	136.355
	248.68
	421.12

	0.003
	182.525
	333.64
	561.36
	59.595
	133.12
	297.44
	173.5
	303.76
	482.32

	0.004
	222.52
	397.27
	641.12
	66.435
	155.17
	352.88
	207.225
	349.12
	526

	0.005
	260.615
	454.87
	706.48
	74.89
	180.91
	411.44
	237.815
	386.74
	558.96

	0.006
	296.905
	506.98
	759.84
	84.675
	209.44
	470.08
	265.555
	418.06
	585.84

	0.007
	331.39
	554.23
	803.76
	95.79
	239.95
	526.96
	290.73
	444.52
	609.6

	0.008
	364.26
	596.98
	839.52
	107.95
	271.9
	580.72
	313.625
	467.2
	631.84

	0.009
	395.515
	635.59
	868.88
	121.06
	304.66
	630.64
	334.43
	486.82
	653.6

	0.010
	425.25
	670.6
	892.88
	135.025
	337.87
	676.32
	353.43
	504.28
	675.2

	0.011
	453.655
	702.28
	912.48
	149.75
	371.08
	717.68
	370.815
	519.94
	696.88

	0.012
	480.54
	730.9
	928.48
	165.045
	404.11
	754.72
	386.68
	534.43
	718.56

	0.013
	506.19
	756.82
	941.6
	181.005
	436.51
	787.76
	401.31
	548.02
	740

	0.014
	530.605
	780.31
	952.32
	197.345
	468.28
	816.88
	414.705
	560.98
	760.96

	0.015
	553.88
	801.46
	961.12
	214.065
	499.15
	842.56
	427.055
	573.58
	781.44

	0.016
	575.92
	820.63
	968.24
	231.165
	529.03
	864.96
	438.55
	585.91
	801.04

	0.017
	596.915
	838
	974.08
	248.455
	557.83
	884.4
	449.285
	598.15
	819.76

	0.018
	616.96
	853.66
	978.88
	265.84
	585.46
	901.36
	459.26
	610.3
	837.44

	0.019
	635.96
	867.88
	982.8
	283.415
	611.92
	915.92
	468.665
	622.45
	854

	0.020
	654.105
	880.66
	986
	301.465
	637.12
	928.56
	477.595
	634.6
	869.36

	0.025
	732.195
	928.45
	994.96
	388.675
	744.94
	969.04
	516.45
	695.53
	928.8

	0.030
	792.9
	957.25
	998.24
	472.56
	824.86
	987.04
	550.175
	754.57
	963.76

	0.035
	840.02
	974.53
	999.36
	549.89
	881.92
	994.72
	582.285
	808.3
	982.56

	0.040
	876.69
	984.88
	999.84
	619.62
	921.61
	997.92
	614.205
	854.38
	991.92

	0.050
	926.945
	994.69
	1000
	734.57
	966.7
	999.68
	678.9
	921.61
	998.48

	0.060
	956.965
	998.2
	1000
	819.5
	986.41
	1000
	742.075
	960.94
	999.76

	0.070
	974.825
	999.37
	1000
	879.92
	994.6
	1000
	799.74
	981.64
	1000

	0.080
	985.37
	999.73
	1000
	921.435
	997.93
	1000
	849.235
	991.81
	1000

	0.090
	991.545
	999.91
	1000
	949.46
	999.28
	1000
	889.61
	996.49
	1000


Table – 1.6 Average Total Inspection (Poisson Model)

	p
	c = 0
	c = 1
	c = 2

	
	n = 50
	n = 100
	n = 200
	n = 50
	n = 100
	n = 200
	n = 50
	n = 100
	n = 200

	0.001
	96.36
	185.68
	345.04
	51.235
	104.23
	214.08
	95.22
	181.63
	331.92

	0.002
	140.44
	263.17
	463.76
	54.56
	115.84
	249.28
	136.165
	248.41
	420.88

	0.003
	182.335
	333.28
	560.96
	59.69
	133.3
	297.6
	173.215
	303.31
	482

	0.004
	222.235
	396.73
	640.56
	66.72
	155.44
	353.04
	206.655
	348.49
	525.52

	0.005
	260.14
	454.14
	705.76
	75.175
	181.27
	411.44
	237.055
	385.93
	558.56

	0.006
	296.24
	506.08
	759.12
	85.15
	209.8
	469.92
	264.605
	417.25
	585.6

	0.007
	330.63
	553.15
	802.8
	96.265
	240.31
	526.56
	289.59
	443.62
	609.44

	0.008
	363.215
	595.63
	838.56
	108.52
	272.17
	580.08
	312.295
	466.21
	631.76

	0.009
	394.28
	634.15
	867.84
	121.725
	304.84
	629.76
	333.005
	485.92
	653.6

	0.010
	423.825
	668.98
	891.76
	135.785
	337.87
	675.2
	351.815
	503.38
	675.2

	0.011
	451.945
	700.48
	911.36
	150.51
	370.9
	716.4
	369.01
	519.22
	696.88

	0.012
	478.64
	729.01
	927.44
	165.9
	403.66
	753.28
	382.875
	533.8
	718.48

	0.013
	504.1
	754.75
	940.64
	181.765
	435.88
	786.16
	399.315
	547.48
	739.76

	0.014
	528.325
	778.15
	951.36
	198.105
	467.38
	815.2
	412.71
	560.62
	760.72

	0.015
	551.315
	799.21
	960.24
	214.73
	497.98
	840.72
	425.06
	573.31
	780.96

	0.016
	573.165
	818.38
	963.84
	231.735
	527.59
	863.04
	436.555
	585.73
	800.48

	0.017
	593.97
	835.66
	973.36
	248.835
	556.12
	882.56
	447.29
	598.06
	819.04

	0.018
	613.825
	851.32
	978.16
	266.22
	583.48
	899.52
	457.36
	610.3
	836.56

	0.019
	632.635
	865.45
	982.16
	283.605
	609.67
	914.16
	466.86
	622.45
	852.96

	0.020
	650.59
	878.23
	985.36
	301.085
	634.6
	926.8
	475.79
	634.6
	868.16

	0.025
	727.825
	926.2
	994.64
	387.63
	741.52
	967.68
	515.215
	695.26
	927.28

	0.030
	788.055
	955.27
	998.08
	470.09
	820.81
	986.16
	549.605
	735.58
	962.4

	0.035
	834.985
	972.91
	999.28
	546.09
	877.78
	994.24
	582.19
	806.41
	981.44

	0.040
	871.465
	983.53
	999.76
	614.3
	917.65
	997.6
	614.3
	851.68
	991.2

	0.050
	922.1
	993.97
	1000
	727.35
	963.64
	1000
	678.33
	918.9
	998.16

	0.060
	952.785
	997.84
	1000
	810.855
	984.43
	1000
	739.89
	957.7
	999.68

	0.070
	971.405
	999.19
	1000
	870.99
	993.52
	1000
	795.655
	979.12
	1000

	0.080
	982.615
	999.73
	1000
	913.075
	997.3
	1000
	843.44
	990.1
	1000

	0.090
	989.455
	999.91
	1000
	942.05
	998.92
	1000
	882.675
	995.41
	1000


C-Program for Performance Measures (Binomial Model)

#include<stdio.h>

#include<conio.h>

#include<math.h>

void main()

{

int n,c,x, N = 1000 ;

float p, q, e, sum, AOQ, ATI ;

clrscr() ;

printf(“Enter the value of n”);

scanf(“%d”, &n);

printf(“Enter the value of p”);

scanf(“%f”, &p);

printf(“Enter the value of c”);

scanf(“%d”, &c);

q=1-p;

e=pow(q,n);

if(c==0)

{

sum=e;

printf(“\n\n The value of P(a) is %f”, sum);

}

else

{

for(x=0;x<c;x++)

{

e=((n-x)*p*e)/q*(x+1));

}

sum=e+pow(q,n);

printf(“\n\n The value of P(a) is %f”, sum);

}

AOQ = sum*P;

ATI = n + (1 – sum) * (N – n) ;

printf(“\n\n The value of AOQ is % f”, AOQ); 

 printf(“\n\n The value of ATI is % f”, ATI) ;

getch ();

}

C-Program for Performance Measures (Poisson Model)

#include<stdio.h>

#include<conio.h>

#include<math.h>

void main()

{

int n,c,x, N = 1000 ;

float p, d, sum, AOQ, ATI ;

clrscr() ;

printf(“Enter the value of n”);

scanf(“%f”, &n);

printf(“Enter the value of c”);

scanf(“%d”, &c);

printf(“Enter the value of p”);

scanf(“%f”, &p);

d=exp(-n*p);

if(c==0)

{

sum=d;

printf(“\n\n The value of P(a) is %f”, sum);

}

else

{

for(x=0;x<c;x++)

{

d=(n*p*d)/(x+1));

}

sum=d+exp(-n*p);

printf(“\n\n The value of P(a) is %f”, sum);

}

AOQ = sum*P;

ATI = n + (1 – sum) * (N – n) ;

printf(“\n\n The value of AOQ is % f”, AOQ); 

printf(“\n\n The value of ATI is % f”, ATI) ;

getch();

}

CHAPTER  II 

SINGLE SAMPLING PLANS INDEXED BY AQL AND LQL
This chapter presents the designing of the single sampling inspection plans to have desired operating characteristics (OC) curve which passes through two specified quality indices namely AQL and LQL.

Operating characteristic of single sampling plan and the values of the plan parameters for a desired OC are evaluated when the number of defectives follow Poisson distribution. Probability of acceptance are derived by using (2-distribution which is the approximation of partial sums of the Poisson distribution and also it becomes the satisfactory approximation when the distribution of defectives follow binomial.

Designing method, construction of OC curve for any given plan, selection of plans to the given specifications and method of construction of tables are also provided.

Designing Method

The number of defective units in a sample from a lot determines whether the lot will be accepted on the basis of the sample. Obviously the smaller the percentage of defective items produced by the process from which the lot originated, the more likely the lot is to be accepted.


The probability of acceptance based on Poisson distribution for a single sampling plan with parameter n and c is


Pa(p)
=
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where p is the process average. (2-distribution is used to derive the various probabilities or acceptance to the partial sums of a Poisson distribution. Since for even degrees of freedom (2-gives the partial sums of the Poisson series.
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can be computed for various values of (, ( and c.

Construction of Tables

Table 2.1 gives the values of np for which the probability of acceptance corresponding to 0.99, 0.95, 0.90, 0.50, 0.01 and acceptance numbers c = 0, 1, 2, (, 40  in a sample of size n. Values of np are located for some fraction defective p0,  with desired probability acceptance Pa(p0) and the corresponding c. This determines the sampling plan to be used.


Table 2.2 is constructed to derive sampling plans with desired quality indices. The two points through which the OC curve requires to pass are the fraction defective p1 (AQL) which has the probability of acceptance greater than or equal to 1 – ( and p2 (LQL) which has the probability of acceptance less than or equal to (. Table 2.2 gives values of np1 and c for the operating ratio p2 / p1 corresponding to the various combinations of ( [0.05, 0.01] and ( [0.10, 0.05, 0.01].


Table 2.3 presents the probability acceptance corresponding to various incoming quality levels of desired plans. This table is derived from Table 2.1 by dividing each entry in the row for given c by the number n. Table 2.3 is constructed for single sampling plans (60, 1) and (60, 2).

Selection of Plans for given AQL and LQL

To construct a sampling plan for given AQL and LQL the ratio p2 / p1 is to be calculated. The value which is greater than or equal to the desired ratio is located in the appropriate column of Table 2.2. Corresponding to this ratio the values of np1 and c can be selected. The sample size is determined by dividing np1 by p1​ and acceptance number c is read directly from the table.


To find the sampling plan which will accept material with fraction defective p1 = 0.01, p2 = 0.026. Compute p2 / p1 = 0.026 / 0.01 = 2.6 and enter Table 2.2 for ( = 0.05 and ( = 0.10 and select the value of the ratio p2 / p1 in the column for ( = 0.05 ( = 0.10 equal to or just greater than 2.6. The value is 2.618 which has associated with it a value of np1 = 5.426 and value of c = 9. The sample size for the desired plan is taken as


n  =  
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gives 543

and the acceptance number c = 9. Thus the single sampling plan is (543, 9).

Conclusion

In case of single sampling plan (n, c) one may see that np value increases

(i) for increase in c when probability of acceptance remains constant.

(ii)  for decrease in  probability of acceptance when the acceptance number c remains constant.

Table – 2.1 Values of np corresponding to c and Pa(p)
	Pa(p)

c
	.99
	.95
	.90
	.50
	.10
	.05
	.01
	.005

	0
	0.101
	0.103
	0.105
	0.693
	2.303
	2.996
	4.605
	5.298

	1
	0.149
	0.355
	0.532
	1.678
	3.890
	4.774
	6.638
	7.430

	2
	0.436
	0.818
	1.102
	2.674
	5.322
	6.296
	8.406
	9.274

	3
	0.823
	1.366
	1.745
	3.672
	6.681
	7.754
	10.045
	10.978

	4
	1.279
	1.970
	2.433
	4.671
	7.994
	9.154
	11.605
	12.594

	5
	1.785
	2.613
	3.152
	5.670
	9.275
	10.513
	13.108
	14.150

	
	
	
	
	
	
	
	
	

	6
	2.330
	3.286
	3.895
	6.670
	10.532
	11.842
	14.571
	15.660

	7
	2.906
	3.981
	4.656
	7.669
	11.771
	13.148
	16.000
	17.134

	8.
	3.507
	4.695
	5.432
	8.669
	12.995
	14.434
	17.403
	18.578

	9
	4.130
	5.426
	6.221
	9.669
	14.206
	15.707
	18.783
	19.998

	10
	4.771
	6.169
	7.021
	10.668
	15.407
	16.962
	20.145
	21.398

	
	
	
	
	
	
	
	
	

	11
	5.428
	6.924
	7.829
	11.668
	16.598
	18.208
	21.490
	22.779

	12
	6.099
	7.690
	8.646
	12.668
	17.782
	19.442
	22.821
	14.145

	13
	6.782
	8.464
	9.470
	13.668
	18.958
	20.668
	24.139
	25.496

	14
	7.477
	9.246
	10.300
	14.668
	20.128
	21.886
	25.446
	26.836

	15
	8.181
	10.035
	11.135
	15.668
	21.292
	23.098
	26.743
	28.166

	
	
	
	
	
	
	
	
	

	16
	8.895
	10.831
	11.976
	16.668
	22.452
	24.302
	28.031
	29.484

	17
	9.616
	11.633
	12.822
	17.668
	23.606
	25.500
	29.310
	30.792

	18
	10.346
	12.442
	13.672
	18.668
	24.756
	26.692
	30.581
	32.092

	19
	11.082
	13.254
	14.525
	19.668
	25.902
	27.879
	31.845
	33.382

	20
	11.825
	14.072
	15.383
	20.668
	27.045
	29.062
	33.103
	34.668

	
	
	
	
	
	
	
	
	


Continuation of Table – 2.1 

	Pa(p)

c
	.99
	.95
	.90
	.50
	.10
	.05
	.01
	.005

	21
	12.574
	14.894
	16.244
	21.668
	28.184
	30.241
	34.355
	35.947

	22
	13.329
	15.719
	17.108
	22.668
	29.320
	31.416
	35.601
	37.219

	23
	14.088
	16.548
	17.975
	23.668
	30.453
	32.586
	36.841
	38.485

	24
	14.853
	17.382
	18.844
	24.668
	31.584
	33.752
	38.077
	39.745

	25
	15.623
	18.218
	19.717
	25.667
	32.711
	34.916
	39.308
	41.000

	
	
	
	
	
	
	
	
	

	26
	16.397
	19.058
	20.592
	26.667
	33.836
	36.077
	40.535
	42.252

	27
	17.175
	19.900
	21.469
	27.667
	34.959
	37.234
	41.757
	43.497

	28
	17.957
	20.746
	22.348
	28.667
	36.080
	38.389
	42.975
	44.738

	29
	18.742
	21.594
	23.229
	29.667
	37.198
	39.541
	44.190
	45.976

	30
	19.532
	22.444
	24.113
	30.667
	38.315
	40.690
	45.401
	47.210

	
	
	
	
	
	
	
	
	

	31
	20.324
	23.298
	24.998
	31.667
	39.430
	41.690
	46.609
	48.440

	32
	21.120
	24.152
	25.885
	32.667
	40.543
	42.982
	47.813
	49.666

	33
	21.919
	25.010
	26.774
	33.667
	41.654
	44.125
	49.105
	50.888

	34
	22.721
	25.870
	27.664
	34.667
	42.764
	45.266
	50.213
	52.108

	35
	23.525
	26.731
	28.556
	35.667
	43.872
	46.404
	51.409
	53.324

	
	
	
	
	
	
	
	
	

	36
	24.333
	27.594
	29.450
	36.667
	44.978
	47.540
	52.601
	54.538

	37
	25.143
	28.460
	30.345
	37.667
	46.083
	48.676
	53.791
	56.748

	38
	25.955
	29.327
	31.241
	38.667
	47.187
	49.808
	54.979
	56.956

	39
	26.770
	30.196
	32.139
	39.667
	48.289
	50.940
	56.164
	58.160

	40
	27.587
	31.066
	33.038
	40.667
	49.390
	52.069
	57.347
	59.363

	
	
	
	
	
	
	
	
	


Table – 2.2 Values of p2 / p1 for various (, ( and acceptance number c
	c
	Value of p2 / p1 for
	np1
	c
	Value of p2 / p1 for
	np1

	
	( = .05 ( = .10
	( = .05 ( = .05
	( = .05 ( = .01
	
	
	( = .01 ( = .10
	( = .01 ( = .05
	( = .01 ( = .01
	

	0
	44.890
	58.404
	89.781
	.052
	0
	229.105
	298.073
	458.210
	.010

	1
	10.946
	13.349
	18.681
	.355
	1
	26.184
	31.933
	44.686
	.149

	2
	6.509
	7.699
	10.280
	.818
	2
	12.206
	14.439
	19.278
	.436

	3
	4.890
	5.675
	7.352
	1.366
	3
	8.115
	9.418
	12.202
	.823

	4
	4.057
	4.646
	5.890
	1.970
	4
	6.249
	7.156
	9.072
	1.279

	5 
	3.549
	4.023
	5.017
	2.613
	5
	5.195
	5.889
	7.343
	1.785

	
	
	
	
	
	
	
	
	
	

	6
	3.206
	3.604
	4.435
	3.286
	6
	4.520
	5.082
	6.253
	2.330

	7
	2.957
	3.303
	4.019
	3.981
	7
	4.050
	4.524
	5.506
	2.906

	8
	2.768
	3.074
	3.707
	4.695
	8
	3.705
	4.115
	4.962
	3.507

	9
	2.618
	2.895
	3.462
	5.426
	9
	3.440
	3.803
	4.548
	4.130

	10
	2.497
	2.750
	3.265
	6.169
	10
	3.229
	3.555
	4.222
	4.771

	
	
	
	
	
	
	
	
	
	

	11
	2.397
	2.630
	3.104
	6.924
	11
	3.058
	3.354
	3.959
	5.428

	12
	2.312
	2.528
	2.968
	7.690
	12
	2.915
	3.188
	3.742
	6.099

	13
	2.240
	2.442
	2.852
	8.464
	13
	2.795
	3.047
	3.559
	6.782

	14
	2.177
	2.367
	2.752
	9.246
	14
	2.692
	2.927
	3.403
	7.477

	15
	2.122
	2.302
	2.665
	10.035
	15
	2.603
	2.823
	3.269
	8.181

	
	
	
	
	
	
	
	
	
	

	16
	2.073
	2.244
	2.588
	10.831
	16
	2.524
	2.732
	3.151
	8.895

	17
	2.029
	2.192
	2.520
	11.633
	17
	2.455
	2.652
	3.048
	9.616

	18
	1.990
	2.145
	2.458
	12.442
	18
	2.393
	2.580
	2.956
	10.346

	19
	1.954
	2.103
	2.403
	13.254
	19
	2.337
	2.516
	2.874
	11.082

	20
	1.922
	2.065
	2.352
	14.072
	20
	2.287
	2.458
	2.799
	11.082

	
	
	
	
	
	
	
	
	
	


Continuation of Table – 2.2 
	c
	Value of p2 / p1 for
	np1
	c
	Value of p2 / p1 for
	np1

	
	( = .05 ( = .10
	( = .05 ( = .05
	( = .05 ( = .01
	
	
	( = .01 ( = .10
	( = .01 ( = .05
	( = .01 ( = .01
	

	21
	1.892
	2.030
	2.307
	14.894
	21
	2.241
	2.40
	2.733
	12.574

	22
	1.865
	1.999
	2.265
	15.719
	22
	2.200
	2.357
	2.671
	13.329

	23
	1.840
	1.969
	2.226
	16.548
	23
	2.162
	2.313
	2.615
	14.088

	24
	1.817
	1.942
	2.191
	17.382
	24
	2.126
	2.272
	2.564
	14.853

	25
	1.795
	1.917
	2.158
	18.218
	25
	2.094
	2.235
	2.516
	15.623

	
	
	
	
	
	
	
	
	
	

	26
	1.775
	1.893
	2.127
	19.058
	26
	2.064
	2.200
	2.472
	16.397

	27
	1.757
	1.871
	2.098
	19.900
	27
	2.035
	2.168
	2.431
	17.175

	28
	1.739
	1.850
	2.071
	20.746
	28
	2.009
	2.138
	2.393
	17.957

	29
	1.723
	1.831
	2.046
	21.594
	29
	1.985
	2.110
	2.358
	18.742

	30
	1.707
	1.813
	2.023
	22.444
	30
	1.962
	2.083
	2.324
	19.532

	
	
	
	
	
	
	
	
	
	

	31
	1.692
	1.796
	2.001
	23.298
	31
	1.940
	2.059
	2.293
	20.324

	32
	1.679
	1.780
	1.980
	24.152
	32
	1.920
	2.035
	2.264
	21.120

	33
	1.665
	1.764
	1.960
	25.010
	33
	1.900
	2.013
	2.236
	21.919

	34
	1.653
	1.750
	1.941
	25.870
	34
	1.882
	1.992
	2.210
	22.721

	35
	1.641
	1.736
	1.923
	26.731
	35
	1.865
	1.973
	2.185
	23.525

	
	
	
	
	
	
	
	
	
	

	36
	1.630
	1.723
	1.906
	27.594
	36
	1.848
	1.954
	2.162
	24.333

	37
	1.619
	1.710
	1.890
	28.460
	37
	1.833
	1.936
	2.139
	25.143

	38
	1.609
	1.698
	1.875
	29.237
	38
	1.818
	1.920
	2.118
	25.955

	39
	1.599
	1.687
	1.860
	30.196
	39
	1.804
	1.903
	2.098
	26.770

	40
	1.590
	1.676
	1.846
	31.066
	40
	1.790
	1.887
	2.079
	27.587

	
	
	
	
	
	
	
	
	
	


Table – 2.3

Operating characteristic points for two single sampling plans 

(60, 1) and (60, 2)
	​n = 60 ; c = 1
	
	n = 60 ; c = 2

	p
	P(A)
	
	p
	P(A)

	.0025
	.99
	
	.0073
	.99

	.0059
	.95
	
	.0136
	.95

	.0089
	.90
	
	.0183
	.90

	.0280
	.50
	
	.0446
	.50

	.0648
	.10
	
	.0887
	.10

	.0790
	.05
	
	.1049
	.05

	.1107
	.01
	
	.1401
	.01

	.1238
	.005
	
	.1546
	.005


Graphical representation of two single sampling plans (60, 1) and (60, 2) are provided in the following graph. 
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CHAPTER  III 

SINGLE SAMPLING PLAN INDEXED BY MAPD
​​


This chapter presents the designing of Single Sampling Plan indexed by MAPD and the point of intersect of the inflection tangent on the proportion defective axis. The suitability of indexing parameters are also established. Tables are constructed using Poisson model to select plans. Transition from one set of parameters to the other similar sets on the basis of matched operating characteristic curves is also discussed.


The specification of the OC curve is usually done by suitably chosen parameters. While selecting the parameters one should see that they relate to the standard quality level with reference to which the plan should operate and the degree of sharpness of inspection around that level.


Designing of single sampling plan indexed by inflection point of the OC curve, denoted by p( and interpreted as the maximum allowable fraction defective by Mayer (1967) as the quality standard, and pT the point at which the inflection tangent to the OC curve cuts the proportion defective axis as the degree of sharpness of inspection about this quality level is carried out.


OC curve for the sampling plan (n, c) under the conditions for the application of the Poisson model with proportion defective, p  is given by


Pa(p)
=
e(np 
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Maximum Allowable Percent Defective, p( is defined by the point of inflection of the OC curve, which is obtained by assuming 
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         (3.3)

Therefore, the p-coordinate of the inflection point (p() of the OC curve is 
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The quality standard p( corresponds to the inflection point of the OC curve and the value of second derivative of average probability of acceptance provides the discrimination at the inflection point as follows.
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This implies that the decrease of Pa(p) is lower for lesser values of p. This property declares that p( may be used as quality standard. The equation of the tangent to the OC curve at the inflection point p( is given by


f(p) – e(c 
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The point at which the inflection tangent cuts the p-axis, pT is derived by taking f(p) = 0 in (3.5)


      pT 
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The parameters p( and pT given respectively in (3.4) and (3.6) are the defining parameters of the OC curve. pT is the measure of sharpness of inspection of the sampling plan around a specified quality standard p(. Sampling plans are designed by p( and k where  k = pT / p(.
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where k is purely a function of c. 


To design single sampling plan indexed with p( and pT, Table 3.1 is prepared, for c values ranging between 1 to 30, by using (3.4), (3.6) and (3.7). This table includes np(, npT and the ratio k, for various values of k. Values of k in Table 3.1 reveal that increase in c decreases the value of k.

Selection of Plans
(i)
For specified p( and k : Assume p( = 0.02 and k = 1.8. From Table 3.1 one can see that c = 4 and one obtains n = c/ p( = 4/0.02 = 200.


Therefore, the single sampling plan is (200, 4).

(ii)
For specified pT and k : Assume pT = 0.045 and k = 1.4. From Table 3.1 one can see that c = 13 and npT = 18.278 gives n = 406

Therefore, the single sampling plan is (406, 13).

(iii)
For specified p( and pT : Assume that p( = 0.02, pT = 0.045, one requires a single sampling plan for obtain k = 2.25. From Table 3.1, one can see that c = 2 for k = 2.25 which gives 100.

Therefore, the single sampling plan is (100, 2).

Conversion from one set of parameters to other similar set

Here we consider other similar sets of parameters which are used to fix the OC curve from which the sampling inspection plans are to be selected. 

(i) (p1, 1 – () and (p2, () and 

(ii) p0 and h0
where    p1   =   AQL,  p2 = LQL, ( = producer’s   risk and ( = consumer’s risk, 

   p0  =   indifference quality level

   h0  =  
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Single sampling plan be designed using various quality indices such as (i) p(, pT, (ii) p0, h0, (iii) p1, p2 and so on. In practice, engineers may prefer p( and k whereas statisticians may prefer (p1, 1 – () and (p2, () or (p0, h0).


By definition
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To convert from one set of parameters to other similar sets, Table 3.2 is constructed for values of c ranging from 1 to 30. This table gives the values of np0, np1 and np2 corresponding various quality indices relating to the probabilities of acceptance 0.5, 0.95 and 0.10.


Table  3.3 is constructed using the Tables 3.1 and 3.2.

Selection of Identical Plans

Suppose that one needs to convert the single sampling plan indexed with p( = 0.02 and pT = 0.045 to other similar sets interms of (p1, 1 – (), (p2, () or (p​0, h0).


Table 3.3 can be used for conversion. One has to start with obtaining k = 
[image: image46.wmf]*

p

p

T

 = 2.25. This corresponds to c = 2 from Table 3.1.


From Table 3.3

p2 / p1 =
6.509 ; p( / p1  =  2.445 


p0 / p( = 1.337 and h0 = 1.319.

Dividing p(
by (p( / p1), one finds



p1
=
0.02 / 2.445  =
0.00818

and multiplying (p2 / p1) by p1, one obtains



p2
=
(6.509) (0.00818)  =
0.0532.

Multiplying (p0 / p() by p( we get



p0
=
(1.337) (0.02)  =  0.0267.

Therefore for the set p( = 0.02 and pT = 0.045 the other similar sets of parameters are



p1
=
0.00818 for (  =  0.05



p2
=
0.0532 for (  =  0.10

        and  p0
=
0.0267, h0  =  1.319.


In a similar manner, the transition from (p1, 1 – () and (p2, () or from (p0, h0) to the other equivalent sets for various quality indices can be easily achieved.

Table 3.1 Parameters of Single Sampling Plan

	c
	np(                    
	npT                 
	k              

	1
	1
	3
	3.000

	2
	2
	4.5
	2.250

	3
	3
	5.889
	1.963

	4
	4
	7.212
	1.803

	5
	5
	8.52
	1.704

	
	
	
	

	6
	6
	9.816
	1.636

	7
	7
	10.997
	1.571

	8
	8
	12.24
	1.530

	9
	9
	13.284
	1.476

	10
	10
	14.62
	1.462

	
	
	
	

	11
	11
	15.961
	1.451

	12
	12
	17.064
	1.422

	13
	13
	18.278
	1.406

	14
	14
	19.376
	1.384

	15
	15
	20.58
	1.372

	
	
	
	

	16
	16
	21.76
	1.360

	17
	17
	22.814
	1.342

	18
	18
	23.994
	1.333

	19
	19
	25.118
	1.322

	20
	20
	26.24
	1.312

	
	
	
	

	21
	21
	27.426
	1.306

	22
	22
	28.556
	1.298

	23
	23
	29.693
	1.291

	24
	24
	30.816
	1.284

	25
	25
	31.95
	1.278

	
	
	
	

	26
	26
	33.072
	1.272

	27
	27
	34.182
	1.266

	28
	28
	35.308
	1.261

	29
	29
	36.424
	1.256

	30
	30
	37.53
	1.251


Table 3.2  Values of np
	c
	np0                    

(0.5)
	np1                 

(0.95)
	np2               

  (0.10)

	1
	1.678
	0.355
	3.890

	2
	2.674
	0.818
	5.322

	3
	3.672
	1.366
	6.681

	4
	4.671
	1.970
	7.994

	5
	5.670
	2.613
	9.275

	
	
	
	

	6
	6.670
	3.286
	10.532

	7
	7.669
	3.981
	11.771

	8
	8.669
	4.695
	12.995

	9
	9.669
	5.426
	14.206

	10
	10.668
	6.169
	15.407

	
	
	
	

	11
	11.688
	6.924
	16.598

	12
	12.668
	7.690
	17.782

	13
	13.668
	8.464
	18.958

	14
	14.668
	9.246
	20.128

	15
	15.668
	10.035
	21.292

	
	
	
	

	16
	16.668
	10.831
	22.452

	17
	17.668
	11.633
	23.606

	18
	18.668
	12.442
	24.756

	19
	19.668
	13.254
	25.902

	20
	20.668
	14.072
	27.045

	
	
	
	

	21
	21.668
	14.894
	28.184

	22
	22.668
	15.719
	29.320

	23
	23.668
	16.548
	30.453

	24
	24.668
	17.382
	31.584

	25
	25.667
	18.218
	32.711

	
	
	
	

	26
	26.667
	19.058
	33.836

	27
	27.667
	19.900
	34.959

	28
	28.667
	20.746
	36.080

	29
	29.667
	21.594
	37.198

	30
	30.667
	22.444
	38.315


Table 3.3  Ratios for quality indices conversion and h0
	c
	pt / p(
	p2 / p1
	p( / p1
	p0 / p(
	p0 / p1
	h0

	1
	3.0000
	10.946
	2.8169
	1.6780
	4.7268
	1.052

	2
	2.2501
	6.509
	2.4450
	1.3370
	3.2689
	1.319

	3
	1.9632
	4.890
	2.1962
	1.2240
	2.6881
	1.539

	4
	1.8034
	4.057
	2.0305
	1.1678
	2.3711
	1.735

	5
	1.7040
	3.549
	1.9135
	1.1240
	2.1699
	1.910

	
	
	
	
	
	
	

	6
	1.6360
	3.206
	1.8259
	1.1117
	2.0298
	2.069

	7
	1.5712
	2.957
	1.7584
	1.0956
	1.9264
	2.218

	8
	1.5299
	2.768
	1.7039
	1.0836
	1.8464
	2.358

	9
	1.4760
	2.618
	1.6587
	1.0743
	1.7820
	2.488

	10
	1.4622
	2.497
	1.6210
	1.0668
	1.7293
	2.613

	
	
	
	
	
	
	

	11 
	1.4509
	2.397
	1.5887
	1.0607
	1.6852
	2.732

	12
	1.4219
	2.312
	1.5605
	1.0556
	1.6473
	2.846

	13
	1.4059
	2.240
	1.5359
	1.0514
	1.6148
	2.956

	14
	1.3841
	2.177
	1.5142
	1.0477
	1.5864
	3.061

	15
	1.3717.
	2.122
	1.4940
	1.0445
	1.5613
	3.178

	
	
	
	
	
	
	

	16
	1.3596
	2.073
	1.4772
	1.0418
	1.5389
	3.263

	17
	1.3423
	2.029
	1.4614
	1.0393
	1.5188
	3.358

	18
	1.3327
	1.990
	1.4467
	1.0371
	1.5004
	3.453

	19
	1.3217
	1.954
	1.4335
	1.0352
	1.4839
	3.542

	20
	1.3116
	1.922
	1.4213
	1.0334
	1.4687
	3.632

	
	
	
	
	
	
	

	21
	1.306
	1.892
	1.409
	1.0318
	1.4548
	3.7188

	22
	1.298
	1.865
	1.399
	1.0303
	1.4420
	3.8034

	23
	1.291
	1.840
	1.389
	1.0290
	1.4302
	3.8862

	24
	1.284
	1.817
	1.380
	1.0278
	1.4191
	3.9673

	25
	1.278
	1.795
	1.372
	1.0266
	1.4088
	4.0466

	
	
	
	
	
	
	

	26
	1.272
	1.775
	1.364
	1.0256
	1.3992
	4.1246

	27
	1.266
	1.757
	1.356
	1.0247
	1.3903
	4.2010

	28
	1.261
	1.739
	1.349
	1.0238
	1.3818
	4.2761

	29
	1.256
	1.723
	1.342
	1.0230
	1.3738
	4.3499

	30
	1.251
	1.707
	1.336
	1.0222
	1.3663
	4.4225


C-Program for np values corresponding to various probability of acceptance

#include<stdio.h>

#include<math.h>

#include<conio.h>

int fact (int);

void main()

{

int c, i = 0, k, n, s;

float f = 1, p, x, m, g, r, A;

clrscr() ;

printf(“Enter the value of c”);

scanf(“%d”, &c);

printf(“Enter the value of A”);

scanf(“%f”, &A);

for(m = 0.0001 ; m< = 15 ; m = m + 0.0001)

{

p = 0.0;

for(k=0; k<=c; k = k+1)

{

p = p + (exp((m) ( pow(m, k)) / fact (k) ;

}

g = ((f(p) + (1 – f) ( pow (p, i)) / (f + (1 – f) ( pow (p, i));

r = g – (1 – A);

if(fabs(r) < = 0.0001)

{

break;

}

}

Print (“m = % f”, m);

getch() ;

}

int fact (int k)

{

int s;

if (k = = 1  k = = 0)

{

return (1);

}

else

s = k(fact (k – 1) ;

return (s) ;

}
SUMMARY AND CONCLUSION


This dissertation traces the design of single sampling plan indexed with various quality indices.


Basic distributions and their approximations, terms and definitions, relevant for the preparation of dissertation are included in the basic concept.


In chapter I, OC, AOQ and ATI functions are obtained numerically using C program, to evaluate their performance under binomial and Poisson models.


In chapter II, design of single sampling plan indexed with AQL and LQL is described.


Chapter III presents the design of single sampling plan indexed with MAPD and the conversion of one set of parameters to another identical set of parameters.


Construction of tables and selection of plans are highlighted.

Recommendations for Further Study

The methods described for designing single sampling plans with various indices may be extended to design double and multiple sampling plans for attributes and variations.
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				To resize chart data range, drag lower right corner of range.
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				To resize chart data range, drag lower right corner of range.
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