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Abstract

The economic production quantity (EPQ) is a widely used inventory model. While
most of the researches has been reported to explore the traditional optimal batch
quantity in ideal cases, little appears to have been done with rework option In this
paper products are classified in the four groups of perfect products, imperfect products,
defective but reworkable products, and finally, non-reworkable defective products.
The proportion of each type is assumed to be constant and deterministic. The
objective of this paper is to determine the lot size and optimal number of cycles with
rework and reject situations and price dependent demand in a single-stage system in
which rework is done after N cycles causing less than the desired quantity of good
products in each cycle. The model has been validated with illustrating numerical
example and a sensitivity analysis is carried out to study how the optimal number of

cycles is affected due to the changes of defective rates and selling price.

1- Introduction

A difficult situation most manufacturing organizations encounter concerns the
difficulties associated with production planning and inventory control. Included
among the problems to be dealt with are deciding on raw materials lead time and
quantity, adopting the proper type of inventory control model, determining storage
capacities, and planning for timely and economical delivery of orders. The EOQ
model has been commonly used in inventory control systems to determine order
quantity. The model has been extended to Economic Production Quantity (EPQ) by
considering a constant production rate. In classical models it is assumed that all
parameters are fixed and known. Furthermore the production of imperfect or defective
products is a natural expectation and it will be more realistic to consider different
levels of quality. Also it would be more practicable to consider the demand as selling
price dependent, as high selling price generally makes a negative impact on a major
part of the customers to buy the product. Therefore, in this paper demand is
considered to be inversely related to the selling price.

The classical EPQ model has been in use for a long time. It is a well-established and
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widely used technique in inventory management [1]. In recent decades, researchers
have tried to determine the optimal batch quantity of imperfect production systems
considering different operating conditions. A brief discussion of these works follows:
Gupta and Chakraborty [4] considered the reworking of rejected items. Furthermore
they considered recycling from the last stage to the first stage and obtained an
economic batch quantity model. Schwaller [11] presented a procedure that extends
EOQ model by adding the assumptions that a known proportion of defectives existed
in arriving lots and that fixed and variable inspection costs were required in seeking
and eliminating the defectives. Hayek and Salameh [5] assumed that all of the
defective items produced were repairable and obtained an optimal point for EPQ
model under the consideration of reworking of imperfect quality items. Chan et al. [3]
provided a framework to integrate lower pricing, rework and reject situations into a
single EPQ model. They found that the time factor of when to sell the imperfect items
is critical, as this decision would affect the inventory cost and the lot size. Jamal et al.
[8] considered a single production system with rework options including two cases of
rework process to minimize the total system cost. In the first case, they suppose that
the rework executed within the same cycle and the same stage of production. In the
second case, the defective items are collected up to N cycles to be then reworked in
the next cycle. He assumed that all defective products could be reworked. Ben-Daya
et al. [2] assumed integrated inventory inspection models with and without
replacement of nonconforming items discovered during inspection. Inspection policies
include no inspection, sampling inspection, and 100% inspection. They suggested a
solution procedure for determining the operating policies for inventory and inspection
consisting of order quantity, sample size, and acceptance number. Hejazi et al [6]
developed a model to determine the economic production quantity with reduced
pricing, rework and reject situations in a single-stage system in which rework takes
place in each cycle after processing to minimize total system costs. Recently Jaber et
al. [7] uses the concept of entropy cost to extend the classical EOQ model under the
considerations of perfect and imperfect quality products.

In this paper we extend the previous work by Jamal et al [8] under the considerations
of four groups of perfect products, imperfect products, defective but reworkable
products, and finally, non-reworkable defective products. Furthermore we consider
that the demand rate is unit selling price dependent. Hence the objective of this paper
is to determine the lot size and optimal number of cycles with rework and reject
situations and price dependent demand in a single-stage system in which rework is
done after N cycles causing less than the desired quantity of good products in each
cycle.

This paper is organized along the following lines: Problem definition, notations and
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assumptions used throughout this study are presented in Section 2. In Section 3, the
mathematical models are derived in order to minimize the total cost per unit time. The
various costs of the inventory system considered here include setup, in- process
inventory and finished goods inventory products and penalty cost. In process
inventory consist of good quality and defective products. In this section, the optimal
solution to the problem is also introduced. Numerical example is provided in Section
4 to show the implementation of the proposed model. Sensitivity analysis is presented
in section 5 and In Section 6, some conclusions and recommendations for possible

future work are presented.

2- Problem Definition

Consider the classical EPQ model and suppose that a process produces a single
product in a batch size of Q. Producing these items takes place at a finite production
rate, P units per unit time. Each lot produced contains ¥ percent of imperfect quality
items. The perfect and imperfect products are kept in stock when identified. The lot
also contains a percentage of defectives, f, so that these defective products can be
reprocessed, or reworked, after N cycles. These products are held in defective
products basket. These products are assumed to be of good quality after reprocessing.
This is a realistic assumption since the item re-entering a machine will be processed
with greater care. Thus, the reworked products will need no inspection. Each lot
produced also contains a percentage of defectives, a, so that these units are rejected
with an associated cost when identified (See Fig. 1). In other words, a defective
product that cannot be reworked is rejected immediately after its work operation

completes.

Perfect ]

A 4

Rework (
Prodnction (O TTnite) Imperfect (¥

Perfect (8

A 4

Defective ((o + ) percent)

Scrap (& percent) ]

Reject

Figurel. A schematic diagram of the model.

Inspection of each product follows immediately after the process is completed. Since
inspection operations can normally be carried out concurrently with the
manufacturing process and independent of any machine work, the assumption here, as
elsewhere, is that no time is taken by the inspection process beyond the manufacturing

time. Good quality products transfer to warehouse.
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The main objective of the present study is to minimize the total system cost of the

inventory system. Below are the notations used and assumptions made:
2.1. Notations

Setup cost ($/year)
Unit in-process holding cost ($/unit/year)

Unit penalty cost per unit outage per unit time ($/unit/year)

H Inventory Carrying cost ($/unit/year)

PR Selling price ($/unit)
N Number of production cycles after which the defective items are reworked
P Production rate (units/unit time)
D Demand rate (units/unit time)
8 Setup time (year/ setup)
0 Lot size or order quantity (product units)
o Percentage of reject products
Jii Percentage of rework products
Y Percentage of imperfect quality products
1 Mean finished products inventory (product units)
C, Setup costs of each batch
C, Holding cost of defective materials ($/cycle)
C, Inventory costs per unit of time ($/cycle)
Cp Penalty cost ($/cycle)
TC  Total costs per unit of time (unit of money per unit of time)
2.2. Assumptions made
o No Shortage is allowed.
. The demand rate is unit selling price dependent i.e.,

D=aPR" b>1. (1)
This function is similar to the function considered by Sadjadi et al [10] and Panda and

Maiti [9], but we suppose that the price is constant in each cycle.

. Proportions of defective products are constant in each cycle.
o No defective product is produced during the rework.
. The processing and reprocessing are accomplished using the same

resources at the same speed.
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° No stop is allowed during the manufacturing operations of one lot.
e All parameters including production and demand rates, setup time, etc. are
constant and deterministic.

e  The number of cycles is a continuous number.
3- Modeling

Figure (2) presents the behavior of inventory level during one cycle.

Iventory
Level

Hl-a-H-L

-q—rJ ! >
—————————————— Time

Figure2. Inventory level for one cycle

Defective items from each cycle ( SQ ) are collected until N cycles are finished after

which the defective parts are reworked. (Fig. 3)

Pl-a-f)-1I, Al-a-8-1, Pl-m-g-D»

- -

g
1 5 Az Rework
B Gt
o
Ll
Figure3. Position of rework cycle
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To ensure that inventory level will not run into shortages, it is assumed that:
P(-a-B)>D ()

The total system costs consist of setup cost (C, ), in-process inventory and finished

goods inventory product holding cost (C,,, C}, ) and penalty cost (C,). So total cost is:

w

3
IC=C4+C, +C, +C, ©)
3-1 Set up cost
The setup cost of the batch quantity Q is calculated as:
C, =kt “4)

3-2 In-process defective products holding cost

The in- process defective products holding cost depends on waiting time for the whole
batch of quantity Q during the setup (Tys) and processing time for a component at Nth
cycle (Typ).

The waiting time for setup can be calculated as:

T, =(N—=Dt, +(N=2)t, +(N=3)ts++21, +1, =% 5)

To compute waiting time for processing Eq. (6) can be used.

r (Q L, O - >j (Q+Q<N—2>J+(g+wj+...+g
"o\ 2P P 2P P 2P P 2P

(6)
NQ 0 —[(N-D+(N-2)+---+2+1]= NQ w
2P 2P 2P 2P
Therefore total waiting time for N cycle is given by Eq. (7):
_ 2
7, =1,+7, =M DL VO ™
Y 2 2P
And the total waiting time when rework is completed is given by:
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T, =T,/0=75) ®)

Hence the holding cost for in-process defective products is given by Eq. (9): (for all

lots over the year)

N(N-Iy, N°Q)po _, B (DWN-br, D*
2 2P J1-p "1-8 2 2P

, R )
B (aPR (N-1y,  a’PR J

"1-8 2 2P

3-3 Finished products inventory holding cost

The inventory holding cost per cycle is obtained as the average inventory times

holding cost per product per cycle.

It is evident from Fig.2 that: (¢, =Q/P, 1, =h/D)

h=[P(l-a—-f)-D](Q/P) (10)
And also:

71 —Lipdca—p—p2Ld-a=-p

I—2h(tp+td) 2[P(l a-p) D]P D

)

Mg p D\ U-a=-p)
—2((1 a-p) Pj 5

Inventory for both good and reworked products over the year can be calculated as:

1 D).d-a=-pD 1. D),
CH—ZH(I a-p P)Q + H(l P),BD

D 0 2
PR~ aPR?) 1 aPR™ (12)
a 2 -b
=N H(l—a—,b’)(l—a—ﬂ— J+2H(1— Jﬂ aPR

3-4 Penalty cost

Producing fQ units of defective products in each cycle reduces the lot size by this

amount. These items are reworked after N cycles. The defective products produced in
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cycle 1 waits for (N —1) cycles before it is reworked in the rework cycle. Also the
defective items that are produced in cycle 2 waits for (N —2) cycles before it is
reworked, and this process continues until the defectives from Nth cycle. The duration
of the last cycle, that is, (N +1)th cycle may not be of the same lengths as that of the

previous cycles, which are all equal. The duration of each cycle (except rework cycle)

can be calculated as:

(tp+td):tp+h/D:(l—,B)Q/D (13)

Since by considering of SQ defective items form each cycle, the total weighted

waiting time, 7", is: (NQ = D)

_(N-D
2

Ts"=[(N—1)+(N—2)+---+2+1](Q(1D_'B)j -5 (14

The time of rework cycle should be added to waiting time. So the additional waiting

time for rework cycle, 7."*"" | is:

Ts(n+1)th — ﬁQN + (P_D)ﬁQN — ﬁQN =ﬂ

15
P D D (1)
Therefore, the total waiting time is sum of equations (14) and (15):

T=T"+T""" =(N-D)(1-B)/2+L=[NA-p)+35-11/2 (16)

The penalty cost is considered over both waiting and defective units to prevent

producing defective items. This penalty cost is obtained as:

e B0 ety Bopfi_ga3B_ L
Coenay =k, 20— B) INA=-P)+3p-1]= Sk D(l B+ J

S N N
1 3 1 17
=k,ﬂaPR—”(1—ﬁ+ﬂ—j
271-8 N N
3-5 Total system cost
As pointed out before, the total cost per unit time can be expressed as:
ISSN 2076-9202
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Ic=C +C +C,+C, (18)

Since in this model total cost is a function of N(= D/Q) it can be computed as:

b - 2 pp-2b b
TC(N) =Nkt +k, B (aPR (N-i, , a’PR ]_'_aPR

H(l—a—ﬁ)(l—a—ﬁ—aPRb]

1- 2 2P 2N P
1 PR 1 i) 3 1 (19)
+—H|[1-2 ,BzaPR”+k,aPR”(1— ——]
2 2 2 1-f N N

In this paper it is assumed that N in continuous, therefore it can be shown that
TC(N) in convex function in N . Setting the first derivation of TC(N) to
zero,dTC(N)/dN =0, gives the optimal value of N . The first derivation is:

dTC(N) _ o\ pps B, _HaPR"”(l—a—ﬂ)(l_a_ﬁ_aPR"’J

dN 2(1- 2N*?
-5 (20)
Lk aprr P (3ﬁ2_12j =0
27 1-B\N* N
And the optimal value of N will be:
N HaPR(1-a—p)(1-a—B—-aPR™"/P)+k,aPR"BGBL-1)/1-f) o)
- 2kt +k,aPR™t f12(1- B)]

It is derived from Eq. (21) that When @ =0 and £ =0 the optimal batch size will be

Q" =2k, D/(H(1-D/P)) which is same as Q" in classical model.

4- Numerical example

The optimum value of N is obtained by Eq. (21). Assume a =50000 $/year,b=1.01,
PR =150 $/unit, P=620 units/year, H=$130/unit/year, f=0.06, a=0.03, k=$1/min
(=$525600/year), t=50 min/setup (=0.0000951 year/setup), kp=$180/unit/year,
k,=$95/unit/year. Hence N=10.93. The optimal batch size Q" = D/N=29.01 =29
units/batch. When B and o are zero, the optimal batch size

Q= \/sttsD/(H(l — D/ P)) =22.34 = 22 units/ batch.

5- Sensitivity Analysis

Now using the above example, a sensitivity analysis is carried out to study how the

ISSN 2076-9202
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optimal number of cycles is affected due to the changes of defective rates f (it is
assumed that f=2a) and selling price. The effect of defective rates is surveyed by
varying the f values over the range from O to 0.12.Table 1 shows that the optimal
number of cycles decreases as the defective rate increases. Consequently, the
manufacturing batch size increase to keep the total cost as low as possible. Also the
effect of selling price is studied by changing the PR values over the range from 90 to
450. Table 2 illustrates that by increasing selling price, optimal number of cycles at first

increases and then decreases.

B N

0 13.58
0.01 12.92
0.02 12.24
0.03 11.55
0.04 10.84
0.05 10.11
0.06 9.35
0.07 8.56
0.08 7.73
0.09 6.84
0.1 5.87
0.11 4.76
0.12 3.41

Tablel. Effect of f on N

PR N
90 7.58
120 12.29
150 13.13
180 13.11
210 12.83
240 12.46
270 12.07
300 11.69
330 11.33
360 10.99
390 10.67

ISSN 2076-9202
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420 10.38
450 10.10
Table2. Effect of PR on N

The effect of f and PR on N is also illustrated in figures (4) and (5).

16.00

14.00

12.00

10.00

P 8.00 +

6.00 -

1.00 -

2.00 A

0.00
0 0.01 0.02 0.03 004 005 006 0.07 008 009 01 0.11 012

Figured. Effect of defective proportion £ on the optimal number of cycles
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FigureS. Effect of selling price PR on the optimal number of cycles

6- Conclusion

This paper developed a model for determining economic production quantity and
optimal number of cycles considering rework and reject situations and price
dependent demand. It is assumed that defective items are accumulated for N cycles
and after that the defective parts are processed. The penalty costs for defective items
are high for higher values of N. The data used in this study show that as f increase,
the optimal N decrease and consequently, the manufacturing batch size increase to
keep the total cost as low as possible. Also it is concluded that by increasing selling
price, optimal number of cycles at first increases and then decreases.

The effect of machine breakdown on this model may be recommended for further
study. Another important study may investigate the effect of time value of money on

optimal lot size.
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Optimal Six-Sigma Level in TFT-LCD
Manufacturing: A Case Study

Jen-Ming Chen” and Tsung-Te Cheng
Institute of Industrial Management
National Central University
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Abstract. This paper deals with six-sigma project decision-making in TFT-LCD
manufacturing using multi-objective goal programming approach to assist the project
leader in deciding process improving opportunities. The model considers a multi-stage
process rolled throughput yield in a TFT Liquid Crystal Display (LCD) major Array, Cell, and
Module process. Meanwhile, the other factors such as investment cost, profit, and
expected sigma level will be taken into consideration in the model. Numerical result
shows an organization can reap the profit through the six-sigma project implementation.

Keywords: Quality improvement; Six-sigma; TFT-LCD; Multi-objectives Programming
Introduction

This study try to answer the following question: whether a six-sigma project is profitable or not? If not,
why the cooperation takes the actions in continuous improvements? If yes, what is the optimal
six-sigma level and to what extend? This paper uses a multi-objectives (goal) programming (MOP)
model to determine the optimal sigma level as an alternative process. The process of MOP involves
with defining goal priorities and then iteratively searching for solutions of a linear/nonlinear
programming model. Each goal is solved sequentially according to its priority and weight with the
previous goal (Zhang and Roush 2001).

Juran (1989) suggested that quality could be accomplished by project and in no other way. A Six Sigma
project is targeted to have duration of three to six months. If the six sigma project is not profitable,
you had to reject the improvement requirement depends on which decision you made! Here is why
we would like to develop a multi-objectives (goal) programming to solve such problems. Moreover, if
the resulting process does not improve the sigma level significantly, the investment made may not
turn into profit (Kumar 2008).

In the remainder, the literature review is given, followed by describing the problem context and
assumptions. Next, the mathematical models are formulated and equilibrium analyses are carried out.
Based on the analytical results, managerial implications are drawn concerning with the tendencies of
decision variables and profit values generated by the models. Numerical study is then carried out to
guantify the analytical results. In conclusions, we summarize our research contributions and provide
future research directions.

Literature review

Kumara (2008) has developed two single objectives (Maximum profit under Budget constraint)
programming to find the optimal sigma level. The model proposed by Kumara is developed by single
objective programming. In a real world application, the objectives are normally multiple. We develop a
model by using multi-objectives (goal) programming and calculate the optimal sigma level and suitable
process alternative.

The term of six sigma process (Wiki 2009) graph of the normal distribution underlies the statistical
assumptions of the Six Sigma model. The Greek letter o marks the distance on the horizontal axis
between the mean, W, and the curve's inflection point. The greater this distance is, the greater is the

* Corresponding author
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spread of values encountered. For the curve shown in red above, p = 0 and o = 1. The other curves
illustrate different values of pu and o. Sigma (the lower-case Greek letter o) is used to represent the
standard deviation (a measure of variation) of a statistical population. The term "six sigma process"
comes from the notion that if one has six standard deviations between the process mean and the
nearest specification limit, there will be practically no items that fail to meet specifications. Criticism
of the 1.5 sigma-shift: Because of its arbitrary nature, the 1.5 sigma shifts dismissed as "goofy" by the
statistician Donald J. Wheeler. Its universal applicability is seen as doubtful. The 1.5 sigma shift has
also been contentious because it results in stated "sigma levels" that reflect short-term rather than
long-term performance: a process that has long-term defect levels corresponding to 4.5 sigma
performance is, by Six Sigma convention, described as a "6 sigma process”.

The key point of quality satisfaction is both of the best quality and gain profit. Sigma level was an index
of quality which is meet Voice of Customer (VOC), consider about the Voice of Process (VOP: term
used to describe what the process is telling), Voice of Engineering (VOE) and Voice of business (VOB,
Tanya 2002). The "VOB" is the term used to describe the stated and unstated needs or requirements of
the business/shareholders). Sigma Level (QA Inc. 2007): The predicted long-term Sigma Level for the
process, including field failures, based on a (relatively) short-term internal Process Capability estimate.
A value of 6.0 corresponds to 3.4 defects per million opportunities (DPMO). Sigma Level = 3*Cpk,
Sigma Level may also be calculated based on longer term field failure rates, such as described in Six
Sigma Demystified. Using MS Excel's NORMSINV function, the calculation is as follows: Sigma Level
=NORMSINV (1-(DPMO/1000000))+1.5, C.D. Edwards(1986) had identified that “Quality consist of the
capacity to satisfy wants”, Short-term sigma levels correspond to the following long-term DPMO
values.

Goal programming (Wiki 2009) is a branch of multi-objective optimization, which in turn is a branch of
multi-criteria decision analysis (MCDA), also known as multiple-criteria decision making (MCDM). It
can be thought of as an extension or generalization of linear programming to handle multiple,
normally conflicting objective measures. Goal programming (Wiki 2009) was first used by Charnes and
Cooper (1954) and Cooper and Cooper (1959), although the actual name first appear in a textbook by
Charnes and Cooper (1961). Schniederjans (1995) gives in a bibliography of a large number of pre
1995 articles relating to goal programming and Jones and Tamiz (1990) give an annotated bibliography
of the period 1990-2000.

The problem context

TFT LCD is combined by two glass substrates and Polarizer as shown in Figure 1. It includes Polarizer,
Color Filter (CF), Circuit Plate, Polarizer and White Light Source. There are three major processes in
the TFT LCD manufacturing flow. ‘Array’, ‘Cell’ and ‘Module’ are the main process in a typical LCD
company (Figure 2).

White Light Source
——

Polarizer
Circuit Plate

Color Filters
Polarizer

Liquiq
Crystal

Viewing gigg Solution,

Figure 1: TFT LCD structure (Source: CPT web 2009).

Array Cell Module &
Process /FT " | Process /CD Process /451‘“
nventory 7 nventory Goods

cassette/ lot sheet Cut piece piece

— '-"';--._, - —
» L] By © > 0O
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Figure 2: TFT LCD simple process flow (Source: LG & CPT 2006).

A typical Array, Cell and Module process flow includes: Glass substrate input is the first process in
Array, through five of Photo Engraving Process (PEP), a TFT substrate was completed in Array process.
A PEP process is meaning through the following process: Thin film deposition, lithography, etching and
cleaning process. There are five PEPs in a TFT process in a typical structure. Cell process assembles TFT
and CF substrate after PI coating, rubbing process cleaning sealant dispensed and one drop filling
process. Module process attaches TAB, backlight, driver IC and packing. A Photo Engraving Process
(PEP) is beginning in thin film deposition, and then Photo Resist (PR) coating, the next is pattern
exposure, developing, etching and stripping. Figures 3-5 show the process flows.
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. .
W\

Figure 3: Cell process flow.
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Figure 5: Simple process flow.

Ultimately the goal of Six Sigma is to move toward no variation in process (Elyse 2006). Since we now
know what the six-sigma is. We figure out how to calculate it. Count the number of units of output for
a specific time period. Count the number of defects that occur for that number of units. Divide the
defects by the number of units being measured to get the defects per unit (DPU). Multiply the DPU by
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1,000,000 to get the Defects per million units (DPMU). We can look-up the DPMU in the sigma table
(Elyse 2006).

We would like to know which sigma level is suitable for a six sigma improving project. The model
considers a multi-stage, asynchronous manufacturing process with the opportunity to improve quality
at each of the stages. VOC is the key point of constraints, so we got four index including Rolled
Throughput Yield (RTY), Zero Bright Dot(ZBD),S Rank and x88 in the model. An example of C-Company
of -“TFT LCD Array/Cell Process” illustrates the application of the optimization models developed and
results show that in some scenarios implementing Six Sigma may not be financially beneficial.

Case study and analysis

C-company is one of five major TFT LCD OEM/ODM companies in Taiwan. There are four major plants
of TFT manufacturing (T2-3G, L1A-3.5G, L1B-3.5G and L2-6G) in CPT Taiwan. Most of Modules
manufacturing are in Mainland China. Array/Cell/Module process is a standard three stage process in
an OEM/ODM TFT LCD manufacturing FAB. If we would like to evaluate goodness of process, RTY
(Rolled Throughput Yield) is one of the evaluating methods. All of the through process station will have
their measurement point to check the yield of the process. Array*Cell*Module can get a throughput
yield to present the while process goodness product. Rolled Throughput Yield will impact the profit of
the product. Figure 6 shows the process.

——
o M e H o H i e 2
T I I s ~ i +

_________ -y
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2 R B
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Figure 6: TFT-LCD manufacturing process in C-company.

Rolled throughput yield means goodness of the product through all of the process stages. It is
calculating the through process yield by using the method of ‘multiply’ each single stage process yield.

As Figures 7-8 have shown, the cost analysis result of the TFT LCD is around following proportions:
Array 32%, Cell 23% and Module 45% (The cost analysis in based on C-company 2008 and 2009 Q1
costs data, it may not suitable for other cases, different Company/Products has different costs
structure).
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TET LCD Cost Analysis

Array 32%
Module 45% i ’

Cell 23%

[ Array B Cell O Module |

Figure 7: TFT-LCD cost analysis.
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Figure 8: Quality cost analysis in C-company.

After the quality cost was analyzed, we can find the cost structure is similar to Juran’s optimal quality
cost due to IE evaluating the improvement cost as the model. The optimal quality cost is between 3.5
and 4.5 Sigma in C company (Figure 9).
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Figure 9: Quality cost by sigma level in C-company.
Summary and further research
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After an in-depth case study was carried out, the result showed that sigma level was generally
between 3 to 4 sigma by minimizing the total cost.. An ideal process alternative can be applied in
current quality process alternative due to a multi-objective programming result. Refer to the optimal
quality cost curve of the total quality cost given by Juran, we can conclude that the optimal sigma level
of the current process alternative in C-company. We have found the cost structure is similar to Juran’s
optimal quality cost.

The limitation of this model is due to TFT LCD process only. In the future research, we can implement
the evaluate model in the most of manufacturing industry. As a six sigma project needs a lot of
investment, using a mathematic model to find the improvement opportunities is a an economic
possible method. It’s a an interesting finding in this model that optimal sigma level was not six sigma
for a real manufacturing company due to the cost consideration. According to the zero quality cost
model given by Schneiderman (1986), the optimal quality costs can be reduced if sigma level getting
higher and higher.
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