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Economic manufacturing quantity model with quality investment 
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Abstract
In this article, we propose the modified economic production problem by considering 

acceptance inspection for obtaining production quantity, mean, and quality investment. 
One considers unknown mean and known variability under the normal quality. The quality 
investment function is the declining exponential function of variability. One adopts Taguchi’s 
loss cost for evaluating quality.
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1.  Introduction

Traditional economic production problem assumes perfect quality. 
Some researchers, e.g., Porteus [1] and Rosenblatt & Lee [2, 3] have 
addressed the imperfect quality problem. 

The modern production system addresses the control of product 
quality, production quantity, process promotion and improvement. For 
the inventory model, we need the optimization of expected total cost. For 
the machine equipment, one considers the trade-off problem of the 
reliability and maintenance, i.e., maximum availability. 
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Mean and variance affect the bias and variability. Taguchi [4] 
addressed the non-linear loss function for determining the quality. 

Mean setting is an important topic for SPC. The known variance and 
unknown mean are the basic assumptions. Some researchers adopt 
Taguchi’s for obtaining the optimal manufacturing target, e.g., Chan & 
Ibrahim [5], Chan et. al., [6, 7], Shin et. al., [8]., and Chen [9].

Quality investment is an available method for promoting quality. 
Hong et. al., [10], Ganeshan et. al., [11], Chen & Tsou [12], and Tsou [13] 
have proposed some works about this topic. 

In this article, one addresses the modified problem with mean and 
investment cost. The solution is to get the quantity lot, quality investment, 
and mean based on sampling plan.

2.  Modified EMQ Model

Consider the EMQ is the lot size of sampling plan. We adopt single 
attribute rectifying inspection for screening the product. All units are 
inspected when the lot is rejected. If the inspected unit is the defective, 
then it will be rejected and replaced. The conditional profit is
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where 1A  is sold price in the bad lot; 2A  is sold price in the good lot; Q is 
lot quantity; X is defective occurred in the inspection; n is inspection 
quantity; 0d  is largest number of defective unit; cI  is inspection cost; IR  is 
replacement cost; p is probability of defective unit; C is processing cost; 0µ  
is mean; 0LF  is expected quality cost for uninspected product for good lot; 

1LF  is expected quality cost for inspected product for bad lot. 
Hence, the expected total profit is
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where 0( )P X d≤  is accepted probability of inspected lot, 0 0( ) 1 ( ).P X d P X d≤ = − > 
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From Eq. (3), the expected total profit per item is
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The expected total profit is 
Maximize
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0( ,  , )]ETP Q Invµ  is expected total profit; ( )φ ⋅  is p.d.f. of standard 
n.r.v.; ( )Φ ⋅  is c.d.f. of standard n.r.v.; LSL is lowest value of conformance; 
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USL is largest value of conformance; 0µ  is mean; 2
0σ  is known variance; 

Inv is quality investment; Iσ  is improved standard deviation; 1α  is 
exponential declined coefficient for the improved standard deviation; Y is 
normal quality characteristic; ( , )f y Inv  is p.d.f. of Y, 
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Tσ  is nominal value of variability; 1M  is demand rate in the period; 
1O  is demand rate per day; 1I  is production quantity per day; tS  is setup 

cost; h is handing cost; 1 2 and k k  are loss coefficients; C is material cost; 1T  
is target value of mean. 

The decision variables 0( ,  , )Q Invµ  need to be obtained by maximizing 
0( ,  , )].ETP Q Invµ  The procedure of solution is to do:

Step 1: Let maximum Q be maxQ  and maximum Inv be max .Inv  Set initial 
Inv = 0 and Q = n. 

Step 2: Search interval 0 ,LSL USLµ< <  one can obtain the corresponding 
0( ,  , )ETP Q Invµ  from Eq. (4).

Step 3: For Inv = Inv +1, continue Step 2 until max .Inv Inv=  

Step 4: For 1,Q Q= +  continue the above steps until max .Q Q=  The 
parameters 0( , , )Q Invµ  with maximum 0( , , )ETP Q Invµ  is the solution.

3.  Numerical Example 

Consider some parameters: 1 200,k =  2 300,k =  1 50,T =  1 0.5,α =  
0.3,Tσ =  1 67.5,A =  2 80,A =  30.5,IR =  800,M =  1 80,O =  1 100,I =  

10,h =  1,c =  20,tS =  48,LSL =  52,USL =  0 0.5,σ =  17,n =  0 0,d =  and 
0.5.cI =  By solving Eqs. (4)-(10), the optimal solution is 189,Q =

0 49.95,µ = 16,Inv =  and 0( ,  , )ETP Q Invµ = 6114.165.

Table 1 shows the sensitivity analysis. According to Table 1, one has 
some results: 
1.	 The 2 1,  ,  and Tk T σ  have an important effect on the mean. 
2.	 The 0 1 and σ α  have an important effect on the quality investment.
3.	 The 1 1 1 1,  ,  ,  ,  ,  and tM O I S h α  have an important effect on the EMQ. 
4.	� The 2 1 1 1 2 1,  ,  ,  ,  , , , and TC A M O k k T σ  have an important contribution 

on the expected profit. 
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4.  Conclusions

The authors have proposed the extended production problem with 
quality investment and mean. Further study should consider the problem 
with reliability parameter. 

Table 1
Sensitivity analysis of parameters 

c m0 Inv Q ETP (Q, m0, Inv)
0.8 49.95 16 188 14106.140
1.2 49.95 16 189 -1877.811
A2 m0 Inv Q ETP (Q, m0, Inv)
64 49.95 16 189 -6685.835
96 49.95 16 189 18914.170
A1 m0 Inv Q ETP (Q, m0, Inv)
54 49.95 16 189 6114.165
81 49.95 16 189 6114.165
M m0 Inv Q ETP (Q, m0, Inv)

640 49.95 16 169 4855.691
960 49.95 17 209 7376.774
O m0 Inv Q ETP (Q, m0, Inv)
64 49.95 16 141 5985.243
96 49.95 18 431 6325.623
I m0 Inv Q ETP (Q, m0, Inv)

90 49.95 17 256 6211.231
120 49.95 16 146 6004.356
St m0 Inv Q ETP (Q, m0, Inv)
16 49.95 16 180 6131.525
24 49.95 16 199 6097.646
h m0 Inv Q ETP (Q, m0, Inv)
8 49.95 17 213 6154.349
12 49.95 16 172 6078.149
RI m0 Inv Q ETP (Q, m0, Inv)

24.4 49.95 16 189 6114.165
36.6 49.95 16 189 6114.165

Contd...
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k1 m0 Inv Q ETP (Q, m0, Inv)
160 49.95 16 189 8109.704
240 49.95 17 191 4346.257
k2 m0 Inv Q ETP (Q, m0, Inv)

240 49.98 16 189 7872.403
360 49.93 17 191 4574.220
T m0 Inv Q ETP (Q, m0, Inv)
49 49.00 17 187 6342.760
51 50.95 16 186 5278.604
a m0 Inv Q ETP (Q, m0, Inv)

0.4 49.95 20 197 6097.571
0.6 49.95 14 184 6126.190
sT m0 Inv Q ETP (Q, m0, Inv)

0.24 49.96 17 190 12418.50
0.36 49.94 16 189 -1592.003
LSL m0 Inv Q ETP (Q, m0, Inv)
47 49.95 16 189 6114.165
49 49.95 16 183 5991.052

USL m0 Inv Q ETP (Q, m0, Inv)
51 49.95 16 186 6078.511
53 49.95 16 189 6114.165
s0 m0 Inv Q ETP (Q, m0, Inv)
0.4 49.95 15 186 6121.346
0.6 49.95 18 193 6109.749
Ic m0 Inv Q ETP (Q, m0, Inv)

0.4 49.95 16 185 6121.443
0.6 49.95 16 192 6107.027

(d0,n) m0 Inv Q ETP (Q, m0, Inv)
(0, 10) 49.95 17 183 6124.676
(0, 17) 49.95 16 189 6114.165
(0, 25) 49.95 18 201 6093.501
(d0, n) m0 Inv Q ETP (Q, m0, Inv)
(1, 10) 49.95 17 183 6124.676
(1, 17) 49.95 18 193 6109.749
(1, 25) 49.95 18 201 6093.501
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