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Abstract— Conventional Economic Order Quantity model tacitly assumes that the all items received are perfect. But, however, 

in practice, the items received may be imperfect. Inspection process helps to identify the defective items. 100% inspection is 

not feasible when the testing involved is destructive and costly. Acceptance sampling plan provides fool-proof solution to the 

problem. It is a trade-off between 100% inspection and zero inspection. Based on the above conditions, this paper incorporates 

the Economic Ordering Quantity model with permissible delay in payments and single sampling plan by attributes when the 

inspection requires destructive testing. Mathematical models are developed to characterize the scenario. Inspection errors are 

also included in the model. A hypothetical example is illustrated to validate the results in the proposed paper. 
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I. INTRODUCTION 

In the manufacturing and assembly industry testing, one of 

the indispensable tool in assessing the quality of the product. 

It involves the measurement of quality by comparing to the 

predetermined standard and specifications. It is crucial when 

there is a need to make efficient decision with the limited 

resources. Testing procedures will vary depends on the 

nature of the product. Some products involve the destructive 

methods of test. Destructive testing is defined as the test 

which alters the shape, form or size or structure of the 

product. The tested product is not available for future use. 

This test requires a high number of products to test which 

results in high testing cost also costs consumer a shortage 

cost and producer gets no return on investment.  In order, to 

keep the costs down, a practical tool for quality assessment is 

needed. 

Acceptance sampling plans consent the predicting the overall 

quality of a product through the inspection of a relatively 

small number of samples thus curtailing the redundant costs. 

It is mainly used when sole purpose of the inspection is to 

accept or reject the lot. It can be used in quality assessment 

of the raw materials, finished products etc. Acceptance 

sampling plans are ideal for the following situations: when 

the cost of inspection is extravagant; when 100% inspection 

is tedious & exhausting; when inspection requires destructive 

testing. 

When sampling plans involves arrangements for product 

characteristics that comprises of expensive or destructive 

testing by attributes a single sampling plan having a zero 

acceptance number with a small sample size is often engaged 

in practice. Schilling (1982) specified that in the field of 

compliance testing, and particularly for safety-related items, 

zero acceptance number is principally desirable. The small 

sample size is guaranteed due to the expensive nature of 

characteristic (OC) curve. According to Dodge (1955), in 

situations involving small sample size, single sampling plans 

with smaller acceptance numbers such as c = 0 and c = 1 can 

be used.  Hahn (1974) has presented that a single sampling 

plan with zero acceptance number is a minimum sample size 

plan giving protection to the consumer.  Zero acceptance 

number sampling plans developed by Squeglia (2008), 

provides better consumer protection. Although, originally 

developed for military products, these plans are now used in 

many commercial industries.  

Theoretically, the entire acclaimed sampling plan assumes 

that the inspection process is competently efficient i.e. the 

defectives are classified correctly as defectives and vice 

versa. But in practice, the effectiveness of the sampling plan 

requires the considerations of the presence of inspection 

http://www.isroset.org/
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errors. The primitive reference to inspection errors in 

statistical quality control literature appears to be Juran(1935) 

note in Mechanical Engineering. Lavin(1946) modified 

classical sampling inspection plans by pioneering the concept 

of effective fraction defective(ϖ) related to true fraction 

defective(ω)by the formula 
')1( pp  
    (1) 

 Lavin also stated the scenario‗s under which inspection 

errors are committed. Later on many authors for instance, Mc 

Kenzie(1957), Harris (1968), Minton(1972), Collins(1973), 

Bennet(1974), Hoag(1975), Kenneth(1975), 

Dorris(1978),considered inspection errors in the acceptance 

sampling plan. 

 Considering inspection error, Salameh(2011) determined the 

optimal order quantity when the items are of imperfect 

quality and destructive test emphasizing the zero acceptance 

number sampling plan. It developed cost function for optimal 

lot size and sample size constituting shortage cost. 

Previously all the research papers published on imperfect 

quality is based on 100% inspection process. Models with 

imperfect quality have fascinated many authors leading to 

immense publications Salamah(2000),Goyal(2002),Papa 

Christos(2006),Tsou(2007),Hsu(2009),Lin(2010),Jaber(2009

),Wang(2007),Yoo(2009),Maddah(2009),Rezaei(2005)andW

ee(2007),Roy(2011),Erogolou(2007),Wang(2008),Jaber(200

8),Wahab(2010),Khan(2010),Khan(2011). 

 

The main objective of the paper is to study the Salameh‘s 

model with permissible delay in payments. Goyal initiated 

the model for economic ordering quantity with permissible 

delay in the payments. Enormous research papers are 

published under the condition of permissible delay in 

payments. J.T.Teng(2002) amended the Goyal‘s model by 

considering varying unit price and unit cost. It is practical 

and efficient to consider trade credit when evolving the order 

quantity. So, this study overhauls the Salameh‘s model under 

the assumption of permissible delay in payments. 

Specifically cost function and optimal replenishment cycle 

time are determined under the conditions of the zero 

acceptance single sampling plan with inspection error 

involving destructive testing. Theorems are developed. 

Simulation is carried out. The paper is organized as follows 

Section II involves the assumptions of the study, Section III 

contains the ideology of the model formulation and the total 

costs involved in the study. Section IV consists of cost 

optimization theory and techniques. Section 5 includes the 

theorems .Numerical illustrations are provided in the section 

6 and the conclusion are given in the section 6.  

 

II. ASSUMPTIONS 

 The following assumptions are used in the study. The 

single sampling procedure is applied under the 

conditions of binomial distribution with parameters 

c,n,pe. 

 The acceptance number is considered as zero. 

 Inspection process is imperfect with errors. 

 Sampling is done without replacement. 

 The replenishment order is dispatched rapidly. 

 Lead time is zero. 

 Demand is known and constant. 

 Single product inventory is considered. 

 The vendor grant to settle the account for the items 

replenished in credit period M, during which interest is 

earned on the sales earnings at the rate of Ie per unit. 

Thenceforth, the interest is to paid at the rate of Ip per 

unit on the stockpiled items. 

 W<P,Ie<Ip 

III. MODEL FORMULATION AND TOTAL COSTS 

INVOLVED 

In the study, it is assumed that the buyer uses the acceptance 

sampling procedure to locate the defects. The sampling is 

done without replacement based on destructive testing. Total 

costs included in the model are ordering costs, holding cost, 

inspection cost, acceptance cost. The model is formulated in 

such a way that the items of the rejected lot are sold. 

 Consider that the consumer places a order of Q to 

the producer. The ordering cost is fixed and denoted as co 

and Demand rate D. After receiving the lot, testing is done 

on the sample of size n. Proportion defective in the lot is p. It 

is assumed that single sampling by attributes is carried out 

with some inspection error .e1is the probability of 

committing type I error where defective is classified as non-

defective. e2 is the probability of committing type II error i.e. 

classifying non-defective as defective.  The executing 

procedure of the single sampling plan as in Schilling (1982) 

is as follows: 

1. A Random sample of size n is taken from a lot of 

size N 

2. The number of defectives d is counted and 

compared to the acceptance number c. If d<c, the lot is 

accepted or otherwise rejected.  

The probability of the acceptance of the lot is 

  dndc

0d
a p1p

d

n
p 











      (2) 

Satisfying the conditions, 

 Pa(p1)≤1- &   (3) 
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 Pa(p2)≥     (4) 

Since in case of destructive testing, it is in practice to use 

acceptance number .Then the probability of acceptance 

becomes, 

 na p1P             (5) 

Since the inspection process involves the errors, the apparent 

fraction defective pe can be expressed as a function of the 

known true fraction defective p, 

  12e e)p1(e1pp            (6) 

By substituting in eqn (1), obtaining, 

 n21ea )e(p)p1)(e1(p           (7) 

Since,  the process involves zero acceptance sampling plan 

the sample size n can be obtained by using β and LQL .where 

β representing consumer risk, LQL representing the 

probability of accepting rejectable quality. It is assumed that 

the inspection is faulty with inspection error then the LQL is 

replaced by LQL‘=e1(1-LQL)+(1-e2)LQL. 

)'LQL1log(

log
n




            (8) 

When a lot is accepted the number of shortage items in the 

lot is (DT-n)pe+n. Then the cost of accepting the lot is 

ca((DT-n)+n)pa.If the lot is rejected then, it is sold at reduced 

rate k per unit. Then the cost associated with the rejection is 

K(DT-n)/T. Then the other costs associated with the model is  

i. Annual Ordering cost=
T

Co          (9) 

ii. Annual Inventory Holding Cost= )10(
DT2

C)nDT( h
2

                

iii. Annual Cost of Inspection 

The expected number of units destructed in a sample of size 

n, providing the fraction defective pe is npe. Then the 

expected cost of inspection is n(ci+cd.p) 

Annual Cost of Inspection

 

=
T

)p.cc(n edi 

      
(11) 

iv. Annual Interest Earned is twofold 

1. When T≥M 

Annual Interest Earned=
T2

DM.I.P 2
e   

                      (12) 

2. When T≤M 

Annual Interest Earned= )TM(D.I.P
2

DT.I.P
e

e    (13)  

v.Annual Interest Paid 

1. When T≥M 

Annual Interest paid = 
T

)MT.(I.WD
2

p 
 (14)  

2. When T≤M 

Annual Interest charge =0. In this case, no interest charge is 

paid for the items. 

It is assumed that when the lot is rejected the consumer sells 

the defective items at reduced cost, and then places a new 

order.  

1. When T≥M, 

when the lot is accepted at the first time, the total cost 

becomes,
  

)15(

p,
T2

)MT(I.D.W

T2

DM.I.P

T

)np)nDT((c

T

n).p.cc(

DT2

c)nDT(

T

c

)T(Tc

a

2
p

2
e

eaedih
2

o

1



































 

If the lot is rejected for the first time sold the items (DT-n) in 

reduced rate, then the consumer reorder the lot.  If that 

reordered lot is accepted, cost function then becomes, 

)(1 TTc
 

)16(

p)p1(,
T2

)MT(I.D.W

T2

DM.I.P

T

)np)nDT((c

DT2

c)nDT(

T

)nDT(K
)

T

n)p.c.c(

T

c
(2

aa

2
p

2
e

eah
2

edio






































 

Expanding up to i
th

, the expected total cost becomes, 
))T(Tc(E 1

)17(

)p1(],
T2

)MT(I.D.W

T2

DM.I.P

T

)np)nDT((c

2

c)nDT(

T

)nDT(K
i)

T

n)p.cc(

T

c
()i1[(p

i
a

2
p

2
e

*
a

h
2

edio

0i
a










































   

The results of this series expansion are converging, 

2
ae

i

0i
ae

p

1
])p1)(i1[( 



                       (18) 

2
ae

eai

0i
ae

p

p1
)p1(i






                       (19) 

ae

i

oi
ea

p

1
)p1( 



          (20) 

Substituting the values of the eqn 18to 20 in 17, the total 

expected cost function becomes,
  

))T(Tc(E 1  

)21(

T2

)MT(I.D.W

T

)np)nDT((c

T2

DM.I.P

DT2

c)nDT(

p

p1

T

)nDT(K

p

1
)

T

n).p.cc(

T

c
(

2
pea

2
e

h
2

ae

ae

ae

edio




































Since the zero acceptance number sampling plan is implied, 

then pae=(1-p)
n
, thus reducing the cost function to, 

)T(Tc1
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)22(

T2

)MT(I.D.W

T2

DM.I.P

T

)np)nDT((c

DT2

c)nDT(

)p1(

)p1(1

T

)nDT(K

)p1(

1
)

T
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T

c
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




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






























 

Similarly, total cost of TC2(T) when T≤M,is obtained as, 
 

)T(Tc2
 

)23(

)TM(DI.P
2

DT.I.P

T

)np)nDT((c

DT2

c)nDT(

)p1(

)p1(1

T

)nDT(K

)p1(

1
)

T

n).p.cc(

T

c
(

e
eeah

2

n
e

n
e

n
e

edio







































Total cost is defined only on the condition that, T>0.Relevant 

details should be given including experimental design and 

the technique (s) used along with appropriate statistical 

methods used clearly along with the year of experimentation 

(field and laboratory).

 
IV. COST OPTIMIZATION THEORY AND TECHNIQUES  

Cost optimization is necessary conditions for the profit 

maximization of management. In cost optimization 

techniques, the convexity of the twice differentiable is 

important & well-known implications. It comprehends the 

subsequent steps 

 A cost function is convex if and only if the first order 

derivative f
1
(x) is decreasing fun 

 f
11

(x) ≥0  

 In order to optimize the cost function and to determine 

the optimal replenishment cycle time, first order and 

second order derivative function of TC1(T),TC2 (T)with 

respect to T are obtained. 

)24(

)p1)(I.Wc(TD

)p1)(I.PI.W(MD

)p1)(n)1p((Dc2)p1)(c(n
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)26(
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The optimal replenishment cycle time associated with least 

possible cost is obtained when; the non-negative term of first 

order derivative is equated to zero. Then by equating 

equations 24& 26 to zero, the values of T1
*
and T2

*
 are 

obtained. 

)28(
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The total cost function,  










MTTTc

MTTTc
TTc
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eea

n
eedio

)p1(cn))p1)(np)n((c(
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


 .Let T
*
denote the point where total 

cost is least possible. Inreality, 

both,
2

I.PDM
&

2

cDM e
2

h
2

represents stock holding cost 

excluding interest charges for the trade credit.  

V. THEOREM 

(i)If ∆>0, Then the optimal replenishment cycle associated 

with the least possible cost is T
*
=T2

*
,T≤M. 

(ii)If ∆<0, Then the optimal replenishment cycle associated 

with the least possible cost is T
*
=T1

*
,T≥M. 

(ii)If ∆=0, Then the optimal replenishment cycle associated 

with the least possible cost is T
*
=T1

*
=T2,T=M. 

Proof: 

(i)If ∆>0, then TC1(T) >0, TC2(T)>0.Hence total cost has 

minimum value at Tc1(T) is minimum at M, leads to 

Tc2(T2
*
)≤.Tc2(M)=Tc1(M) therefore the minimum value at 

T2
*
  leads to Tc2

*
with least possible minimum cost. 

(ii)If ∆<0, then TC1(T) <0, TC2(T)<0.Hence total cost has 

minimum value at Tc2(T) is minimum at M, leads to 

Tc2(M
*
)=Tc2(M)≤Tc1(T1) therefore the minimum value at T2

*
  

leads to Tc1
*
with least possible minimum cost. 

(iii)If ∆=0, then TC1(T) =0, TC2(T)=0.Hence total cost has 

minimum value at Tc1(M)=Tc2(M) is minimum at M, leads 
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toTc2(M)=Tc1(M) therefore the minimum value  at M=T
*
1= 

T2
*
  leads to Tc

*
=Tc(T1)

*
= Tc(T2

*
) with least possible 

minimum cost.
 

The main conclusions of the study may be presented in a 

short Conclusion Section. In this section, the author(s) should 

also briefly discuss the limitations of the research and Future 

Scope for improvement.  

VI. NUMERICAL ILLUSTRATIONS 

To illustrate the results, proposed method is applied to 

hypothetical numerical examples where the associated costs 

and parameters are,c0=$50, ci=$0.1perunit; cd=$0.2perunit; 

ch=0.5; D=1000; k=0.05; M=0.5; ca=0.7; W=5 per unit 

;P=7;Ie=.10;Ip=.15;β=0.1;p=0.1; in appropriate units. Based 

on the theorem, for various integral values of LQL,e1,e2, the 

corresponding values of n, T*,Tc are obtained. Computed 

results are presented in the table 1. Results from the table 

shows that the Tc is reduced with the reduction inspection 

errors. With the increase in inspection errors the total cost 

also increases. 

 

Table 1: total cost and associated optimal replenishment time 

for different values of errors in dollars. 
LQL‘ e1 e2 n T* TC(T*) 

0.05 0.05 0.06 21 T1
*=0.5388 250.91 

0.05 0.06 0.07 19 T1
*=0.5590 268.00 

0.05 0.07 0.08 18 T1
*=0.5940 290.85 

0.05 0.08 0.09 16 T1
*=0.5952 297.57 

 

VII. CONCLUSION 

This study integrates the trade credit and acceptance 

sampling by attributes with zero acceptance number in the 

integrated producer-consumer model and developed 

theorems. Theorem demonstrates that by computing ∆, the 

optimal replenishment cycle T1
*
and T2

*
with least possible 

costs are determined. The theorem efficiently simplifies the 

solution procedure. By including the inspection error in the 

model, the consequence is mitigated by expending the 

resources. Future research focuses on the applying the EOQ 

model with permissible delay in payments with non-

destructive system and applying to other acceptance 

sampling plans such as SkSP-2, QSS-1. 
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