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ABSTRACT 

The Economic Production Quantity (EPQ) model is commonly used by practitioners in the fields of production and in-
ventory management to assist them in making decision on production lot size. The common assumptions in this model 
are that all units produced are perfect and shortages are not allowed. But, in real situation the defective items will be 
produced in each cycle of production and shortages and scrap are possible. These assumptions will underestimate the 
actual required quantity. Hence, the defective items can not be ignored in the production process. Rework process is 
necessary to convert those defective into finished goods. This study proposes EPQ model that incorporates both imper-
fect production quality and falsely not screening out a proportion of defects, thereby passing them on to customers, re-
sulting in defect sales returns. To active this objective a suitable mathematical model is developed and the optimal pro-
duction lot size which minimizes the total cost is derived. An illustrative example is provided and numerically verified. 
The validation of result in this model was coded in Microsoft Visual Basic 6.0. 
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1. Introduction 

The primary operation strategies and goals of most man- 
ufacturing firms are to seek a high satisfaction to cus- 
tomer’s demands and to become a low-cost producer. To 
achieve these goals, the company must be able to effec- 
tively utilize resources and minimize costs. The Eco- 
nomic Production Quantity (EPQ) model is commonly 
used by practitioners in the fields of production and in-
ventory management to assist them in making decision 
on production lot size. Classic EPQ model assumes that 
all items produced are of perfect quality and a continuous 
inventory issuing policy for satisfying product demand. 
However, in a real life production environment, due to 
controllable and/or uncontrollable factors, generation of 
defective items is inevitable and the defective rate cannot 
be ignored in the production process. Defective items 
will be produced in each cycle of production in most 
practical situations. It is clear that there are many in- 
stances in which the produced imperfect quality items 
should be reworked or repaired with additional costs. A 
portion of defective items produced are not successfully 
screened out internally during the production process and 
passed on to customers, thereby causing defect sales re- 
turns and reverse logistics from customers back to the 
manufacturer. Little research has addressed the important 
issues of handling sales return and/or various options of  

disposing of defects. A considerable amount of research 
has been carried out to address the problems of imperfect 
quality EPQ models. Several scholars have investigated 
the effect of imperfect quality production on economic 
production models. Gupta and Chakraborty [1] consi- 
dered the reworking option of rejected items. They con- 
sidered recycling from the last stage to the first stage and 
obtained an economic batch quantity model. Rosenblatt 
and Lee [2] assumed that the time from the beginning of 
the production run until the process goes out of control is 
exponential and that defective items can be reworked 
instantaneously at a cost and kept in stock. DaeSoo Kim 
et al. [3] presented a profit maximizing EPQ model that 
incorporates both imperfect production quality and 
two-way imperfect inspection, i.e. Type I inspection er- 
ror of falsely screening out a proportion of non-defects 
and disposing of them like defects and Type II inspection 
error of falsely not screening out a proportion of defects, 
thereby passing on to customers resulting in defect sales 
returns. Maity et al. [4] presented an optimal control re- 
covery production inventory system with shortages under 
inflation and discounting in fuzzy stochastic environment. 
The product defectiveness is random. The defective 
product also is treated as return product. Remanufactured 
product can be used for assembly of new products which 
is sold again and demand depends on the stock of ser- 
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viceable product and time. Nita H. Shah et al. [5] deve- 
loped an inventory model that jointly optimizes cost of 
manufacturer and retailer under buoyant market condi- 
tion. Proposed model also considers imperfect production 
processes and partly backlogging is allowed only at the 
retailer’s end. Gour Chandra Mahata et al. (2010) deve- 
loped an [6] developed an EPQ model for deteriorating 
items in the fuzzy sense where delay in payments for 
both retailer and customer are permissible to reflect rea- 
listic situations. Swapan Kumar Manna [7] developed 
two deterministic economic production quantity (EPQ) 
models for Weibull-distribution deteriorating items with 
demand rate as ramp type function of time. It is assumed 
that the finite production rate is proportional to the time- 
dependent demand rate and the unit production cost is 
inversely proportional to the production rate. The EPQ 
model without shortages is studied first and with short- 
ages is investigated next. Biswajit Sarkar et al. [8] de- 
veloped an economic production quantity model for both 
continuous and discrete random demand of merchandise 
and a certain percent of the total product is of imperfect 
quality, which follows a probability distribution. The im- 
perfect quality items are reworked at a cost. The percent 
of defectiveness in the total product usually increases 
with an increase in production run time. K. Srinivasa Rao 
et al. [9] concerned with a production inventory system 
with the assumption that the life time of the product is 
random and follows a Weibull distribution. This paper 
uses mathematical modeling to derive the long run aver-
age cost function for the proposed EPQ model with scrap, 
rework and sales return then employs optimality condi-
tions to determine the optimal production quantity for the 
proposed mode. The remainder of the paper is organized 
as follows. Section 2 presents the assumptions and nota-
tions. Section 3 is for problem formulation and numerical 
example. Section 4 summarizes the assumptions. Finally, 
the acknowledgement of the author. 

2. Assumptions and Notations 

The following assumptions and notations are made to 
develop the model: 

Assumptions: 1) A single type of product in a single 
stage production system is considered, 2) Production rate 
is constant and greater than demand rate, 3) Proportion of 
defective is constant and only one type of defective is 
produced in each cycle, 4) Defective items produced at 
the production process are reworkable and reworked 
items are either good items or scraps, 5) All demands 
must be satisfied, 6) Backlogging permitted, 7) Propor- 
tion of scrap is less than the proportion of defectives, 8) 
Inspection cost is ignored since it is negligible with re- 
spect to other costs, 9) Setup time for rework process is 
zero and 10) The other assumption in classical EPQ mo- 
del. 

Notations: P—Production rate in units per unit time, 
D—Demand rate in units per unit time, d—rate of defec-
tive items from regular production (d = Px), w—rate of 
defective items from end customers in units (w = Dy), 

1 —on hand inventory level, Q*—Optimal size of pro-
duction run, 0 —Setup cost, hC —Holding cost per 
unit/year, Q —Cost of quality improvement, 

Q
C

C RC — 
Cost of reworking per unit, r —Cost of rejecting per 
unit, 

C

pC —Production Cost per unit,  —Proportion of 
defective items that cannot be reworked (scrap item), 
x—Proportion of defective items from regular production 
(X is between 0 to 0. 1), y—proportion of defective items 
from customers (y is between 0 to 0.1) and T—Cycle 
time and —unit time periods i (i = 1, 2, 3, ···). it

3. Mathematical Model 

A real-life production process due to process deteriora-
tion or other factors may generate randomly x per cent of 
defective items at a production rate d. Not all of the de-
fective items produced are reworked. A portion   of 
the imperfect quality items are scrap and must be dis-
carded before the rework process starts. The other (1 –  ) 
portion of imperfect items is reworked at a rate of P im-
mediately after the regular process. Stockout situation is 
allowed. Shortages are backordered and satisfied by the 
immediate next replenishment. In this case, scrap can be 
detected before the rework process starts to produce good 
items from the defectives. Figure 1, shows inventory 
when defective items are reworked within the cycle and 
are detected before rework starts. 1 2 3  are the time 
segments, which represents the processing time (uptime), 
rework time without scrap and down time (or) consump-
tion time respectively. From the beginning to the end of 
the production process both good and defective items are 

, ,t t t

 

 

Figure 1. On-hand inventory of perfect quality items in 
EPQ model with Scrap and rework. 
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t
d w  

P D
t

produced at a rate of x during time 1 . The line AO in- 
dicates the slope of  and inventory is in- 
creasing at the rate of P, simultaneously decreasing at the 
rate of D + d as demand and w as a sales return from the 
customers. Then the inventory accumulates at the rate of 

 units. Therefore, the net amount of defec- 
tives produced during time 1  is xQ. It is assumed that 

P D

d w  

  percent of defectives is scrap. Hence, at the end of 
time 1 , the scrap units t x Q  are identified and sepa-
rated from the main inventory say line JK indicates that 
amount. The remaining defective Qx(1 –  ) units are 
reworked at the rate of P units/year, as the rework rate is 
assumed as the same as production rate. On hand inven-
tory of defective items during production uptime 1  and 
reworking time 2  shows that maximum level of on- 
hand defective items is dt1 and  

t
t

1 1dt Pxt 
Q

Px xQ
P

   
 

. According to the definition, 

DT = Q, therefore 
Q

D
T  and Q = Pt1, therefore,  

1

Q
t

P
 .  represents the quantity of good items re- 1Q

maining after consumption at the end of time 1 , 2  
represents the quantity of items that should remain after 
consumption if no defective items is produced at the end 
of time t1. From the Figure 1 hence, it can be shown that  

t Q

 1 1( )Q P D d w t P     
Q

D d w
P
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 
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Time  needed to rework the defective items 
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Time t3 needed to built up Q2 units of items, therefore, 
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Inventory during production cycle time  
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Note: When   , then 
Q

D
T  which is the  

standard inventory model. 
Average Inventory Calculation: The average inventory 

is calculated as follows from the Equations (1) to (6): 
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Total Cost: Generally the total cost of a production 

system consists of three major costs. Such as setup cost, 
Process Cost, Inventory Carrying cost. The total cost of 
the system TC(Q), is the accumulation of the setup cost, 
production cost, inventory holding cost, reworking due to 
reworking. But in this research, the total cost of the sys-
tem TC(Q) is the accumulation of the Setup Cost, Pro-
duction cost, holding cost, Reworking cost, Rejecting 
cost and Quality cost for defective items. 

0
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Optimality: It can be easily shown that TC(Q) is a 
convex function in Q. Hence, an optimal production  

quantity Q*, can be calculated from 
d
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Q* =  
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oC
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Numerical Example: The solution above is validated 
through numerical examples in the following section. 

Let P = 5000 units; D = 4500 units;  = 100; 

h  ; R 5C  ; r 1;C  5QC  100C 
0.1

; P  x = 0.01 
to 0.09, y = 0.01 to 0.1 and 

Q
 to 0.9. 

Optimum Solution: Q = 1049.84; 1  = 85.04; Q2 = 
85.90; Setup Cost = 429.06; Production cost = 450, 
450.45;  

Holding cost = 429.06; Reworking cost = 202.70; Re-
jecting = 4.50; Quality Cost = 225.22, Total cost = 
451741.00 

Cycle Time Verification: To verify the model, t1 + t2 
+ t3 = 0.2100 + 0.0019 + 0.0212 = 0.2331 years. From 
equation of cycle time, it is also found that T = 0.2331 
years which proves the model. 

From the Table 1, it is observed that when the rate of 
defective (x) during production increases, then the opti-
mum quantity (Q*), cycle time (T), production cost, Re-
working cost, cost of rejecting, quality cost and total cost 
increases but setup cost and holding cost decreases. 
Therefore, there is direct relationship between rate of 
defective with optimum quantity, cycle time, production 
cost, reworking cost, cost of rejection, quality cost and 
total cost. But, there is inverse relationship between rate 
of defective items and setup and holding cost. 

From the Table 2, it is observed that when the rate of 
sales return (y) increases, then the optimum quantity (Q*), 
cycle time (T), production cost, Reworking cost, cost of 
rejecting, quality cost and total cost increases but setup 
cost and holding cost decreases. Therefore, there is direct 
relationship between rate of defective with opti- mum 
quantity, cycle time, production cost, reworking cost, cost 
of rejection, quality cost and total cost. But, there is in-
verse relationship between rate of defective items and 
setup and holding cost. 

4. Sensitivity Analysis 

The total cost functions are the real solution in which the 
model parameters are assumed to be static values. It is 
reasonable to study the sensitivity i.e. the effect of mak- 
ing chances in the model parameters over a given opti- 
mum solution. It is important to find the effects on dif- 
ferent system performance measures, such as cost func- 
tion, inventory system, etc. For this purpose, sensitivity 
analysis of various system parameters for the models of 
this research are required to observe whether the current 
solutions remain unchanged, the current solutions be- 
come infeasible, etc. 

Observations: From the Table 3, it has been observed 
that 
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Table 1. Variation of rate of defective during production and optimum values. 

x Q T Setup Cost Production Cost Holding Cost Reworking Cost Rejecting Cost Quality Cost Total Cost

0.01 1049.84 0.2308 429.06 450450.45 429.06 202.70 4.50 225.22 451741.00

0.02 1116.75 0.2452 403.76 450901.80 403.76 405.81 9.01 450.90 452575.06

0.03 1199.71 0.2632 376.22 451354.06 376.22 609.33 13.54 677.03 453406.40

0.04 1306.20 0.2862 345.89 451807.23 345.89 813.25 18.07 903.61 454233.97

0.05 1449.69 0.3174 311.97 452261.31 311.97 1017.59 22.61 1130.65 455056.10

0.06 1657.65 0.3625 273.11 452716.29 273.11 1222.33 27.16 1358.15 455870.16

0.07 1998.35 0.4366 226.77 453172.21 226.77 1427.49 31.72 1586.10 456671.07

0.08 2718.78 0.5934 166.85 453629.03 166.85 1633.06 36.29 1814.52 457446.60

 
Table 2. Variation of rate of sales return and optimum values. 

y Q T Setup Cost Production Cost Holding Cost Reworking Cost Rejecting Cost Quality Cost Total Cost

0.01 1049.84 0.2308 429.06 450450.45 429.06 202.70 4.50 225.22 451741.00

0.02 1113.54 0.2424 404.52 450450.45 404.52 202.70 4.50 225.22 451691.93

0.03 1190.42 0.2566 378.40 450450.45 378.40 202.70 4.50 225.22 451639.67

0.04 1285.80 0.2745 350.33 450450.45 350.33 202.70 4.50 225.22 451583.54

0.05 1408.52 0.2978 319.80 450450.45 319.80 202.70 4.50 225.22 451522.49

0.06 1574.77 0.3298 286.04 450450.45 286.04 202.70 4.50 225.22 451454.97

0.07 1818.32 0.3773 247.72 450450.45 247.72 202.70 4.50 225.22 451378.32

0.08 2227.04 0.4578 202.26 450450.45 202.26 202.70 4.50 225.22 451287.41

 
Table 3. Effect of inventory parameters with optimal values. 

Optimum values 
Parameters 

Q* Q1 Q2 t1 T Total Cost 

0.01 1049.85 85.04 85.90 0.2100 0.2308 451741.00 

0.02 1116.75 79.29 81.12 0.2233 0.2452 452575.06 

0.03 1199.71 73.18 76.13 0.2399 0.2632 453406.40 

0.04 1306.20 66.62 70.90 0.2612 0.2862 454233.96 

x 

0.05 1449.70 59.44 65.37 0.2899 0.3174 455056.10 

0.01 1049.85 85.04 85.90 0.2100 0.2308 451741.00 

0.02 1113.54 80.17 81.00 0.2227 0.2423 451691.93 

0.03 1190.42 75.00 75.78 0.2381 0.2566 451639.67 

0.04 1285.80 69.43 70.17 0.2572 0.2744 451583.54 

y 

0.05 1408.52 63.38 64.08 0.2817 0.2978 451522.49 

0.1 1049.85 85.04 85.90 0.2100 0.2308 451741.00 

0.2 1050.91 85.12 85.89 0.2102 0.2307 452174.75 

0.3 1051.96 85.21 85.88 0.2104 0.2308 452609.37 

0.4 1053.12 85.29 85.87 0.2106 0.2308 453044.86 

θ 

0.5 1054.08 85.38 85.86 0.2108 0.2308 453481.23 

80 939.02 76.06 76.83 0.1878 0.2064 451650.41 

90 995.98 80.67 81.49 0.1992 0.2189 451696.97 

100 1049.85 85.04 85.90 0.2100 0.2308 451741.00 

110 1101.10 89.19 90.09 0.2202 0.2420 451782.89 

C0 

120 1150.06 93.15 94.10 0.2300 0.2528 451822.91 
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Continued 

8 1173.77 95.08 96.04 0.2347 0.2500 451650.41 

9 1106.64 89.64 90.54 0.2213 0.2432 451696.96 

10 1049.85 85.04 85.90 0.2100 0.2308 451741.00 

11 1000.96 81.08 81.90 0.2002 0.2200 451782.89 

Ch 

12 958.38 77.63 78.41 0.1917 0.2106 451822.91 

2 1049.85 85.04 85.90 0.2100 0.2308 451619.38 

3 1049.85 85.04 85.90 0.2100 0.2308 451659.92 

4 1049.85 85.04 85.90 0.2100 0.2308 451700.46 

5 1049.85 85.04 85.90 0.2100 0.2308 451741.00 

CR 

6 1049.85 85.04 85.90 0.2100 0.2308 451781.54 

3 1049.85 85.04 85.90 0.2100 0.2308 451650.91 

4 1049.85 85.04 85.90 0.2100 0.2308 451695.96 

5 1049.85 85.04 85.90 0.2100 0.2308 451741.00 

6 1049.85 85.04 85.90 0.2100 0.2308 451786.05 

CQ 

7 1049.85 85.04 85.90 0.2100 0.2308 451831.09 

 
1) Increase in rate of production defective items (x), 

optimum quantity (Q*), production time (t1), cycle time 
(T) and total cost also increases but maximum inventory 

1 2  decreases. 2) Increase in rate of sales return (y), 
optimum quantity (Q*), production time (t1), cycle time 
(T) and total cost also increases but maximum inventory 

1 2  decreases. 3) Increase in setup cost per unit (C0), 
optimum quantity (Q*), maximum inventory 1  and 2 , 
Production time (t1), cycle time (T) and total cost also 
increases. 4) Increase in holding cost per unit ( hC ), op-
timum quantity (Q*), maximum inventory 1  and 2Q , 
production time (t1) and cycle time (T) decreases but total 
cast also increases. 5) Similarly, other parameters a, pro-
duction cost, reworking cost, rejecting cost, and quality 
cost can also be observed from the Table 2. 

,Q Q

,Q Q
Q Q

Q

Special Cases: 
Case (i): If the production system is considered to be 

ideal that is no defective items are scrap are produced, 
means the value of x, y and   is set to zero. In this case, 
the above equation reduces to the classical economic 
batch quantity model as follows: Therefore,  

Q* = 0PDC


2

( )hC P D

Q 
t 

 

. 

Consider the above numerical example, therefore, the 
optimum solution is 

Optimum Solution for Case (i): 
Q = 948.68;  = 94.87; Q 94.87;  1 2

1  = 0.1897; 2t  = 0; 3  0.0211; t = 0.2108 cycle 
time verified. Setup cost = 474.34; Production cost = 
450,000; Holding cost = 474.34; Total cost = 450948.68. 

t

Case (ii): When the defective items are produced and 
scrap is not and y = 0, the equation reduces to the eco-
nomic batch quantity model with defective as follows: 

Therefore, Q* = 

Consider the above numerical example, therefore, the 
optimum solution is 

0

21

PDC

D x x   

89.55Q

2

hC P 
 

Optimum Solution for Case (ii):  
Q = 994.98; 1 ; ;   2

Setup cost = 452.27; Production cost = 450,000; 
Holding cost = 452.27; Reworking cost = 225; Rejecting 
cost = 0; Quality cost = 225; Total cost = 451354.54. 

90.54Q 

t Q Q

2t
t t t

5. An EPQ Model with Imperfect Production 
Items, Rework of Regular Production with 
Shortages and Sales Return 

Figure 2, depicts the on-hand inventory level and allow-
able backorder level for the EPQ model with backlog-
ging permitted. One can obtain the cycle time T, produc-
tion uptime 1 , on-hand inventory level 1   and 2 , 
time needed to rework defective items , production 
downtime 3 , Shortage permitted time 4   and 5   as 
follows: According to definition: DT = Q, therefore, T =  
Q

D 1Pt and Q = , therefore, 1

Q
t

P


Q

1t

. 

1  represents the quantity of good items remaining 
after consumption at the end of time .  

1 1( ) ( )
Q

Q P D d w t P D d w B
P

          
 

 

Time t1 needed to built up Q1 units of item, therefore, 

  1
1

BQ PQ P D d w
t

P D d w P D d w
Q B

P P D d w

   
     

 
  

2t

 

Time  needed to rework the defective items 

 
2

1MS OJ JK xQ x Q xQ
t

P P P P

       
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Figure 2. On-hand inventory of EPQ model with the rework 
and shortages permitted. 
 

2  represents the quantity of items that should re-
main after consumption 

Q

 

      
2 1 1 2Q Q NS Q tP D w

P DQ P BP D d w
1xQw

P


     
    



3t 2Q

 

Time   needed to built up   units of items, there-
fore, 

  

2
3

1

( ) (1 )

Q
t

D w

Q P BP D d w
D w

P D w xQ

P






    
    

 

Shortages time, 4

B
t

D w



 and 5

B

P D d w


  
t  

Inventory during production cycle time, 

  

 

1 2 3 4 5

1 1

1

T t t t t t

Q
x x

D
Q

x
D





    

   

 

0,

 

Note: When x =     then 
Q

T
D

  which is the  

standard inventory models. 
The average inventory is calculated as follows 

 

  

1 1 1 2 2 1 2 3 2

2 2 2

2

2

2 2

1 1 1 1
( )

2 2 2

1 (1 ) ( ) (1 )
( ) 2 ( )

2

1 ( ) (1 )
( )

1
( ) (1 ) 2 (

)

I Q t Q Q t t Q
T

Q Q xQ P D w x Q
P D d w B P D d w Q P B

T P P P P

Q P D w xQ
P D d w B

D w P P

w BxQ P B P P
w

 





       
                
 

          
   

    

t Q

22 (TP D 
( ) 2P D w BQ P D 

 

2 2

2

) 2 ( ) (1 )

( ( ) (1 ) ( ) (1 )
2 (1 )

( ) 2( ) (1 ) 2 (1 ) 2 (1 ) 2 (1 ) 2 (1 ) (1 )
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D d w QB P P D w xQB

Q
P D d w x P D w x

P x

B B
D w D w x P x D y Px D y x

P x Q x

Q
P x D y x

P x
2



)(1 ) 2P D d w x  


  
 



        

             

              
 

     


 

 

2 2 2 2

2

2 2 2

2 (1 ) (1 ) 2 (1 ) (1 ) (1 ) (1 ) (1 )

(1 ) (1 ) 2 (1 ) 2 (1 ) 2 (1 ) 2 (1 ) (1 )
) 2 (1 )

(1 ) (1 )(1 2 (1 ) 2 (1 )
2 (1 ) 2 (1 )

P x x D y x Px D y x

B B
D y x P x D y Px D y x

Q x

Q B
P x D y x x x P x

P x P x

   

  
 

   
 

           

            


            
 

(1 ) 2D y 
2 (1P x

2

(1 )
2 (1 )

B
D y

Q x
  

  

 
2

I P D
P

 
Q

  which is the standard inventory model. Note: When x = y = = 0, then 

The average inventory during shortage period is as follows: 
2 2

4 5

1 1 1 ( ) (1 )

2 2 2 ( ) 2 ( )(1 )
S

B P D B P x
I Bt Bt

T T P D d Q P D d x
            

 

Copyright © 2012 SciRes.                                                                                AJOR 



C. KRISHNAMOORTHI, S. PANAYAPPAN 232 

 
Total Cost (Q,B): The total cost of the system TC 

(Q,B) is the accumulation of the setup cost, production 
cost, holding cost, shortage cost, reworking cost, rejec-

tion cost and quality cost for defective items. Therefore, 
the total cost TC (Q,B) is 

 

   2 2 20 (1 ) (1 2 (1 ) 2 (1 ) (1 )
(1 ) 1 2 (1 ) 2 (1 )

h hPDC QC BCDC
P x D x x x P x D yTC

Q x x P x P x
   

   
                 

22 (1 ) (1 )

2 (1 ) 2 ( )(1 ) 1 1 1
QS R r

DxCPB C x DxC Dx CB

Q x Q P D d w x x x x

 
    

 
             

 

Partially derivative TC (Q,B) with respect to Q and B, 
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Therefore, the optimum lot size is 

 
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oC
10hC  5C  1;C  5C  100C 

 

 
Numerical Example 
Let the inventory system has the following parameter 

values  
Let P = 5000 units; D = 4500 units;   = 100;  

; ;   ; . R r Q P

x = 0.01 to 0.09, y = 0.01 to 0.10 and  
10C 

  0.1 to 0.9; 
. S

Optimum Solution 
Q = 1232.65; B =50.76; 1Q  49.08;   50.09;  2

Setup cost = 365.45; Production cost = 450450.45, 
Holding cost = 237.56;  

Q 

t  t  3t  4t

Reworking cost = 202.70, Rejecting cost = 4.50; Qual-
ity cost = 225.22,  

Shortage cost = 127.87, Total cost = 451613.75. 
Cycle Time Verification: 
To verify the model, it is calculated that  

1 0.1225; 2 0.0023;   0.0110,     0.0111, 
 = 0.1241 and T = 0.2710. 5t

t tTherefore, 1 2 3 4 5T t t t     = 0.1225 + 0.0023 + 
0.0110 + 0.0111 + 0.1241 = 0.2710,  
which is equal to value of T. It proves the model. 

From the Table 4, it is observed that when the rate of 
defective (x) during production increases, then the opti- 
mum quantity (Q*), cycle time (T), production cost, Re- 
working cost, cost of rejecting, quality cost and total cost 
increases but shortage cost, setup cost and holding cost 
decreases. Therefore, there is direct relationship between 
rate of defective with optimum quantity, cycle time, pro- 
duction cost, reworking cost, cost of rejection, quality 
cost and total cost. But, there is inverse relationship be- 
tween rate of defective items with shortage cost, setup 
and holding cost. 

6. Conclusion 

In practices, production and screening processes of a 
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Table 4. Variation of rate of defective items from regular production with inventory and total cost. 

x Q T 
Setup 
cost 

Production 
Cost 

Holding 
Cost 

Rework 
Ing Cost 

Reject 
Ing Cost 

Quality 
Cost 

Shortage 
Cost 

Total 
Cost 

0.01 1232.65 0.2710 365.43 450450.45 237.56 202.70 4.50 225.22 127.87 451613.75 

0.02 1312.93 0.2883 343.43 450901.80 221.04 405.81 9.01 450.91 122.39 452454.40 

0.03 1412.37 0.3098 319.57 451354.06 203.53 609.33 13.54 677.03 116.04 453293.11 

0.04 1539.81 0.3374 293.42 451807.23 184.85 813.25 18.07 903.61 108.57 454129.00 

0.05 1711.14 0.3746 264.30 452261.31 164.68 1017.59 22.61 1130.65 99.63 454960.77 

0.06 1958.61 0.4284 231.14 452716.30 142.51 1222.33 27.16 1358.15 88.63 455786.23 

0.07 2361.85 0.5160 191.87 453172.20 117.40 1427.49 31.72 1586.10 74.47 456601.26 

0.08 3204.89 0.6995 141.54 453629.03 87.05 1633.06 36.29 1814.52 54.50 457395.99 

0.09 8155.61 1.7783 55.68 454086.78 42.69 1839.05 40.87 2043.39 12.99 4581121.45 

 
manufacturer are not perfect, thereby producing and 
passing some defects to customers. Most of the existing 
imperfect quality inventory models, however, have not 
dealt with such important practical situations involving 
both imperfect production and imperfect screening proc- 
ess. The falsely screening out a proportion of defects, 
thereby passing them on to customers and consequently 
resulting in customers defect sales returns due to quality 
dissatisfaction. Therefore, this paper present a imperfect- 
quality inventory model and defect sales return that de- 
termines an optimal production lot size. Some numerical 
examples were carried out to illustrate the models. Result 
validation is a necessary step in this research. For valida- 
tion, the model was coded in Microsoft Visual Basic 6.0. 
The proposed model can assist the manufacturer and re- 
tailer in accurately determining the optimal quantity, 
cycle time and inventory total cost. Moreover, the pro- 
posed inventory model can be used in inventory control 
of certain items such as food items, fashionable com- 
modities, stationary stores and others.  
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