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Abstract

In this research, we consider the process parameters setting by addressing Taguchi’s
cost for product and process adjustment with time value of money. The process parameters
with the constant standard deviation and linear mean drift are considered. Some parameters
with optimal process parameters and production run length are determined.
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1. Introduction

In 1986, Taguchi [1] considered the quality cost for measuring the
product. His loss concept can be applied in production process. Teran et
al. [2] transferred this quality performance measurement into the present
worth of expected quality loss per unit. Hence, Teran et al.’s [2] study also
considered the time value of money when the customer holds it. Chou and
Liang [3] and Chou and Chen [4] have presented the bivariate/
multivariable quality loss with the time value of money. Recently, there
are many works about this research by integrating Taguchi’s [1] loss
function. Chen [5, 6] presented the optimal manufacturing target. The
decision criteria needs to obtain the minimum expected total cost. Chen
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and Chou [7] addressed the optimum supply chain model with process
and product parameters.

The joint design of product and tolerance is an significant decision for
product design. Huang [8] considered that the adjustment cost problem.
The tolerance design usually considers the trade-off balance for decreasing
the probability of defective product and increasing the production cost.
Shin et al. [9] considered the model with optimal process and product
parameters. Hence, Shin et al’s [9] process parameters and tolerance
setting models addressed the application with product design and
statistical process control.

In this research, we considered Shin et al.’s [9] model with time value
of money. It The model is to get the optimal manufacturing target, standard
deviation, and process cycle with minimum expected total cost.

2. Modified Shin et al.’s [9] Process Parameters Setting Model with
Time Value of Money

Consider that the initial production process for the manufacturer
needs to do the work about process parameters settings. The model
considers the normal quality under the unknown mean and variability.
The process mean occurs the linear mean drift. From Shin et al. [9] and
Huang [8], the modified process parameters setting model with quality
loss cost under the time value of money is as follows:

Minimize

E[TC(u, o, T)={[, k,[o,>(#)+ (1, () — M, ) Je " dt + [ [ B, (1, (1))
+ B, Jetdty/T (1)

CAO)
where
a coefficient of linear drift of process mean
r interest rate
k, quality loss coefficient
T production run length
u unknown parameter of process mean
c unknown parameter of standard deviation
M, target value of product

B, coefficient of y* in the process cost
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B, coefficient of 1/¢* in the process cost
E[TC(u, o,T)] expected total cost
i, ()=u+at  process mean during the time period ¢

o, (t)=0 process standard deviation during the time period ¢
o kLo (0)+ (u, () = M, )*Te "dt
=k,6’10,7,T)+k[(1,(t) = M,)*1(0, 7, T) + 2a(u, () - M)I(L, 7, T) +a’1(2,7,T)]
T 2 1 —rt
.[o [ﬁ] (lu'l (t) )+ ﬁz m]e dt
= B[’ 10,7, T)+2aul(1,r,T)+a’1(2,r,T)]+ 3, %I(O, r,T)
o
_ (T -t 1 —rT
10,7, T)=|, e "dt —?(1—6 )

Te—rT

1,7, T)=] te"dt =~ (1-e")
r

Te—rT TZE—rT
r r

K= e a2k e )
T

One can obtain the first partial derivative of Eq. (1) with respect to
u and o as follows:

SHTEE DN~ [2k, (1~ M)IO, 7, T) + 2aKI(L,7,T)
2upB 10,7, T)+2aB,r(1,r,T)]/ T

W, 010 2 [2k1(0, 7, T) - 28,610, 7,T)]/ T

Let %M =0and A% =0, one obtains the optimal
_ kMI(0,r,T)-akI(1,r,T)-aB,I(1,r,T)
:uo - KI(0,r,T)+B,I(0,r,T)

and o, = %/ﬁ% . The specified values of u, and o,

are the input values of Eq.(1) for determining T. We use the direct search
method for solution. T.

3. Numerical Example

Consider some parameters: k = 200, M =50, 3, =2, B,=6, a=1,
and r =3%.

By solving Eq. (1), the optimal solution is u, =48.383, o, =0.416.
t=2.27 with E[TC(u,0,T)] = 4936.245. Following Table resents the result
of sensitivity analysis. From Table 1, one has some results:

1. The M, and B, have a large effect on the process mean.
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The k and B, have a large effect on the standard deviation.
The k, M, B,, a, and r have a large effect on the production cycle.
The M and B, have a large effect on the expected total cost.

Table 1
Some results for example
a Hy o, t E[TC(u,0,T)]
0.8 48.145 0.416 3.46 4890.342
1.2 48.612 0.416 1.50 4960.825
k JTn o, t E[TC(u,0,T)]
160 48.032 0.416 2.74 4897.221
240 48.670 0.398 1.85 4963.835
B, U, o, t E[TC(u,0,T)]
1.6 48.687 0.416 1.85 3982.872
2.4 48.071 0.416 2.71 5879.386
B, L, o, t E[TC(u,0,T)]
48 48.383 0.394 227 4929.174
7.2 48.383 0.436 227 4942.637
M Uy o, t E[TC(u,0,T)]
40 38.860 0.416 1.50 3202.165
60 57.812 0.416 3.24 7027.434
T ,UO 0-0 t E[TC(/J'I O-I T)]
2.4% 48.656 0.416 1.71 4965.407
3% 48.182 0.416 2.69 4900.204

4. Conclusions

In this article, the authors address the Shin et al.’s [9] model with time
value of money. Numerical results show that M and S, have a significant
effect on the solution. Further study should consider the model with
process capability and time value of money.
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