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Abstract

Customers and consumers are the necessities feutti@al of industries and
organizations. Trying to improve the process ineortb increase consumer
satisfaction is the most important aim of compani€se survival of an
organization depends on its ability to continue #uivities in compliance
with the demands of customers to meet their legittrmeeds. An organization
is successful when it exactly knows these needs @oglides the right
products. The selection of the optimal processetaiggan important problem
in production planning and quality control. For q@ex manufacturing
systems, process or product optimization can beuimental in achieving a
significant economic advantage. To reduce costscaed with product non-
conformance or excessive waste, engineers oftemtifigehe most critical
quality characteristics and then use methods taimhheir ideal parameter
settings. The purpose of this study is to find dptimum targeting value. a
product with two quality characteristics with indelent distributions is
considered. To determine the market of productssadom sample size of
lot size selected. based on the quality of produbts lot placed in primary
market, secondary market, reworked and scrapedobfain the optimum
targeting value, NSGA-II algorithm is used to maigenexpected profit and
minimize expected loss.

Keywords : Quality control,process adjustment, loss function, profit.

1- Introduction

Customers and consumers are the necessititlsef@urvival of industries and organizations. Tgyto
improve the process in order to increase consuatefaction is the most important aim. The surviefl
an organization depends on its ability to contirtine activities in compliance with the demands of
customers to meet their legitimate needs. An omgdioin is successful when it exactly knows thesmige
and provides the right products.
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With the complex production system, optimizationtbé product or process is essential to achieve
significant economic benefits (Goethals and Chad,220due to the variations of raw material, labor,
production, the quality characteristics of the prcid may differ from process target (Lee et al.7200

To reduce the costs associated with non-confaggnproducts or rework, engineers identify the
tolerances limits important parameters and thenstasistics methods to obtain the ideal settingtlier
process parameters. The optimal process adjusimargtatistical method which the optimal settings
determined based on the balance between diffeypastof costs (Goethals and Cho, 2012) .Although th
final quality of the product causes the consumésfsation by adjusting the process parametersght h
values, but raw material and production costs tintaim this level of quality is very expensive. In
contrast, when the manufacturers sets the parasregtéow levels to avoid the high costs of produrtit
leads to consumer dissatisfaction (Shao et alQRB0a production environment, each product expose
several stages of process with different operatidhere are some variations in final products due t
inherent variability and technology of mechaniaad @hemical processes. Regardless of which prasess
well designed, usually there are defects in thal fimoduct (Duffuaa and El-Ga’aly, 2013). Thesengjes
occur due to small random changes that are usuaflyoidable to eliminate but the quality controhca
lower these changes and consequently cause beiddityg(Noorossana, 2006).The parameters which
cause change in the process output may be cowtraflencontrolled, the customer wants a high gyalit
product. So, these factors should be controlledhiash as possible in order to meet consumer demands.
In theory and in practice, Statistical quality cohpresents different tools to reduce defectsrodpction
process output.

When two quality characteristics exists in thedoction process then it is important to deternthre
optimal mean value of each quality characterisiicgrocess adjustment and setting. Also we encounte
with three types of produces in such processes:l.aconforming products 2. semi-conforming prasiuc
3. non-conforming products thus we need to apptyireemial distribution for evaluating the required
probabilities. Also since the quality of lot mayffdi thus we can select different type of markeis f
selling the products. Hence the objective of tlisearch is to develop a multi-objective optimizatio
model for introduced manufacturing system so thatcan determine the optimal setting for each gualit
characteristic.

The contribution of this research is to devedapeconomic model for process adjustment based on
following assumptions:

» Two quality characteristics existed and the mednevaf each one should be optimized.
» Two different markets are available for solving fiteducts and the lots with poor quality are
reworked.
» There type of products may be produced that acerfforming product 2. semi-conforming
product 3. non-conforming product.
» The probabilities of each decision have been déteusing a trinomial distribution.
» The objectives of profit and loss have been comsitién the model and they are optimized
simultaneously.
An organization may need to maximize, profit andtomer satisfaction. maximizing profit is important
to increase return on investment for the shareh®lddaximizing customer satisfaction will ensure th
long term viability of the organization. If the twabjectives functions are summarized in one objecti
the tradeoff among these objectives will be lumpegether. A multi-objective optimization model
provides different Insights from a single objectoimization model since the optimization is coctgd
in multi dimensions showing clearly the tradeoffacamg the different objectives. The optimization of
multi-objective is different than a single objeetiand it is known as Pareto optimality where adl th
efficient or non-dominated points are usually entatesl. The set of efficient points provide decision
makers alternatives to select from.
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1-1- Quality control

Different definitions are provided for qualitgrtrol. Juran an&odfrey(1999) defines quality control
as a group of factors that establish the standami$ the quality factors for their application.
Ishikawa(1986) defines that quality means the daesiganufacture, and supply high quality goods that
will satisfy the customer economically and produsiy. In general, quality control can be decided
divided two parts; statistical and non- statistigality control. Non- statistical methods mosilydf the
causes of quality problems and offer solutionstlfigr problems, while statistical quality controleatipts
to match the quality characteristics of manufaaigeods with specified standard requirement. Utlieg
statistical methods results in control and inspleetgoods with more precision and less costs, ewnther
hand it leads to limit quality characteristics @il fwithin defined interval. In general, the purposf
statistical control method is to remove the vatigbbf the process (Noorossana,2006) and (Tareghia
and Bozorgnia,1998). determining the optimal fesgunf the product quality is a part of the statati
quality control.

1-2- Deter mination of optimal process mean

Determining the optimal process mean is oné@feiconomical problems in quality control subjbett t
is a difficult issue to decide in manufacturing gesses. Manufacturers usually define limited iraksrv
for the values of quality characteristics ( weighdlume, density) of the products so that the itevite
quality characteristics within these intervals eagegorized as conforming and those that are nbirwi
these intervals are categories ones which willdde i1 a lower cost or returned to the productioocess
for rework (Darwish et al., 2013%enerally, the process mean is effective on the@rg total profit,
nonconforming parts, inspection and rework costee(Cand Lai, 2007). So the determination of optimal
mean, is based on a balance between cost of produdienefits of conforming items, and costs
associated with nonconforming products (Park etétl1).

1-3- Literature

The first model for optimal target was presenbgdSpringer (1951). This model was considered to
determine the process mean of as nonconformingepses with the aim of lowering total costs of
production. The quality characteristics presentethis model followed mean gamma distribution. Bett
presented another model for this purpose. In Betteddel, the optimal process mean is determined by
consisting the upper and lower limits. The mainbfgm of this model, was not presenting an exact
method for determining the optimal values (Pulaklgt1996) inspired by Springer's model, Huntedt an
Kartha(1977) presented a model which maximize thal revenue by determining the optimal process
mean. In this model, the process has a lower bmithat if the characteristics of product qualityriore
than this limit, then it is categorized for primanarket and if it is less than the limit, it is dakith a
lower price ( fixed price) in a secondary markea$l1995). To determine the rejection or acceptahce
the products, quality variables will be inspectestf In this model it is assumed that the qualiyiable
are normally distributed. Finally, by maximizingetiexpect benefit, which includes the sale pricst 0b
production, rework, inspection, and other qualibgts; optimal value of mean and tolerance limits ar
achieved. Chung et al presented the industrialga®aontrol model for filling cans to extend Lee’s
model. this model assumes high correlation betvgedity and functional variables. By using the &g
step method, the aims are to minimize the expdotaticost for obtain the optimal mean value andtt
(Chen, 2009). Based on empirical analysis, Gesthahl.(2012) developed a method to determine the
optimal mean value. More predictability of optinméan value in variable process condition is thetmos
important advantage of this method (Goethals, 20D@rwish et al. (2013) claim that the models
presented relating to mean inventory are applicéinethe fixed demands but not in real world. To
overcome this problem, they presented a model wtithrmines the optimal mean value, accumulated
amount, and order point considering the fact thatdemand is not specified ( Darwish et al., 2013).

The most recent work in this area, is the mquekented by Duffuaa and Gaaly (2013) in which a
multi-objective function with the aim of maximizimgyofits, income, and conformity of product is used
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determine optimal mean. In this model, a lower Hjpation limitation is used to accept or rejeceth
products, so that the products with quality chamastics more than this limit are sold in primargnket
and those which are less than this limit, in a sdaoy market (Duffuaa and Gaaly, 2013).

Fallah Nezhad and Shahin (2013) developed a htodeaximize expected profit per item of a multi-
stage production system by determining best adprstipoints of the equipment used based on technical
product specifications defined by designer. In #ystem, the quality characteristics of items poadu
should be within lower and higher tolerance limit¢hen a quality characteristic of an item eithdisfa
beneath the lower limit or lies above the uppeitliibis reworked or classified as scrap, eachviiis
own cost. A function of the expected profit pemités first presented based on equipment adjustment
points. Then, the problem is modeled by a Markowpproach. Finally, numerical examples are solved
in order to illustrate the proposed model.

Fallahenzhad and Ahmadi (2014) considered augtath system with several quality characteristics.
Their paper investigated a single-stage and twgespaoduction systems where specification limits ar
designed for inspection. When quality charactessfall below a lower specification limit (LSL) or
above an upper specification limit (USL), a deaisis made to scrap or rework the item. The purpose
was to determine the optimum mean for a processdbais rework or scrap costs. In contrast to previou
studies, costs are not assumed to be constantditicen, their paper provided a Markovian model for
multivariate Normal process. Numerical examplesemgerformed to illustrate the application of the
proposed method.

All work done in this area, uses one variablguality characteristics. But in real world, protiuare in
a multi- dimensional quality. Customers examine phaducts with considering more than one quality
characteristics. This study aims to provide a moeeich is closer to practical applications for Isuc
issues. For this purpose, the model will be dewedopith considering two quality characteristics. In
order to solve the proposed model, the method dBAIH is applied to rank the set of Pareto optimal
solutions using standard deviation of the obtaiveddes.

1- 4 - NSGA algorithm

NSGA algorithm was first proposed by Srinivasl @eb (1994). In the case of the problems with
multiple objective functions genetic algorithm shbube redefined and extended due to high
computational complexity and lack of standards ithatamed as NSGA, Deb et al (2002) introduced the
second version of the algorithm named NSGA Il. émeral, components of the NSGA Il algorithm is as
follows:

1- 4 - 1- Chromosome

Chromosome in the genetic algorithm represehts golutions of to the problem while each
chromosome consists of a number of genes. coreatian of the chromosomes has a great impacten th
computational time. Overly, the chromosomes shbeldselected so that it contains the data to dbkve
problem in addition to its simplicity (Ebrahimizgad®013). In this study, each Chromosome is consdler
as the mean value for the process, that is a teabar.

1- 4- 2- population

A set of chromosomes, constitutes a populatidren using the operational algorithm for related
population by changing the structure and the mesbtnew generation, the new population is obtained
(Sadeghie, 2006}, showed the number of each population.

1- 4- 3 crossword function

In this function, two members of the populateme considered as a parent and then by switchimg th
genes of two parents, a new member will be gergrdtee purpose of this section is to generatedma ne
member so that the new member has a combinatiochafacteristics of both parents. Intersection
operators include one-point crossover, two-poimssover, uniform crossover, and Heuristic crossover
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Due to the structure of the chromosomes for cramsoperator, Heuristic crossover method is used in
this model. The structure of this type of crossoveperator is so that if both parents

arex’ = (3¢, %,..., ¥) And X' =(X, %,..., X), then the childy=(Y,, Y,,..., ¥) is as denoted in
equation (1):

y=u(f- %)+ ¢ ®
In which, u is a random number in the interval [1J& order to determine the number of solutions

obtained from the intersection operator, a constambber named intersection rate is used (Sadeghie,
2006) and (Deep, 2007).

1- 4- 1- Mutation

This operator selects a gene on chromosome magdand then considering the nature of the
chromosome, necessary changes are applied tetes.gin the binary encoding, the mutation operator
causes the selected gene changes to zero if it® Vv®lone, and changes to one if the value is zero.
Gaussian mutation is another form of mutation dperfor real encoding. In this method, mutation is
calculated using equation (2):

x =x%+N(0,1) @)
In this regard,)q' is the mutated value of poig in solution population of the problem. N ( 0,1)as
random number from a standard normal distributiBate of mutation is a constant number which
expresses the probability of mutation for each @lusome and is shown by, (Sadeghie, 2006) and

(Gong, 2010). In this study, Gaussian mutation ajperis used in order to the real encoding of
chromosomes.

1- 4- 5- General Processof the NSGA |1 Algorithm

To start the proposed algorithm, the chromososhesild be encoded by the conventional methods in
genetic algorithm. The encoding method is consitiéoe the real numbers in the proposed structwre, s
that a random number is allocated to each chromesioma specified range for that variable. After
generating the random initial population, the merslod the population are ranked in several categori
based on the Dominate principal. Then, all obtainesllts are compared against each other. After
comparison, the collection of solutions which idtéethan other results with regards to the objecti
function are placed in the first category. By reingvthe effect of the elements in the first catggon
other results are placed in the second categdry, @ind so on and we continue until all the sohdiare
placed in a category. This process is continueghinstage of the algorithm until the results caitetof
the first front is the nearest value with the optim(Deb et.al, 2002) and (Srinivas and Deb, 198#fgr
fronting the generated population, congestion gapg€stion is used for ranking of the front membiers.
order to calculate the distance gap in each fribwt, front members are arranged based on the target
function of the problem. Extreme value is considef@r the results with the lowest and highest value
Then using the equation (3), congestion gap fotdhget function k is calculated. Congestion gartlie
midpoints are calculated by the summation of thgetafunction congestion gap using equation (4).

L\ Xy )~ &\ K )
od, ()= ()~ 2{ )

2 ="
cd(x):zk:cq(& @)
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Xik] is the answer from the target functiork, z (x) is amount of the target functidk in point x,

Z"™ is maximum of the target function X" is minimum of the target function k (Srinivas abeb,
1994).

Selection of a parent in each generation oftgwmiuis done by applying binary tournament with a
P.N,,,number. In binary tournament method, two membegssatected from the population randomly
and arranged based on the category and congesioriThe best arranged member is elected as the firs
parent. This process will be repeated for the s®quarent. By repeating the binary operator on the
population of each generation, a collection wggfn, . ;members of that generation is selected for the

crossover. After crossover, a number @fn,,,members of the population is selected randomly and

mutation is applied for them. So, a new populatdrchildren and mutants is created. In future, this
population will be integrated with the main popidat The population consists of the children, mtgan
and the current population and they are sorteddbase descending order of congestion gap, theedbas
on an ascending order of their rank. The numban@fbers in the next population are chosen equal to
the number of members in the main (primary) pojputatwhile the other members are discarded based
on the sorted new population. This process is noatl to meet the end conditions. A collection & th
solutions are presented as the Pareto optimali@oluthen the algorithm ended. Each of this coltacti
members could be an optimal solution depending esistbn making condition (Deb et.al, 2002) and
(Srinivas and Deb, 1994).

1- 4- 6 - Ranking the callection of Pareto optimal solution
After determining the optimal category, the daling steps should be done for sorting the colbectf
the Pareto optimal solution:

1. First, each function should be optimized indivitijuarhe optimal solution for the first function 1§

and for the second function 1§ ,.

2. § could be calculated for each obtained solution:

_< fi(T) ©)
ST

3. Deviation of optimal solutions is calculated thgbithe equation (6) as:
100 2- 6
i=12,.n pap=2092-S| (6)

|
2
4. The collection of the Pareto optimal solutionasted from small to large according RAD, values. In

S—

this case, the results with leBa\D, values are more appropriate.

2- Problem solving
Consider a product which has two quality chandstics where each of them has a lower specifinati

limit. The first quality characteristi, follows a normal distribution with unknown meag, , standard
deviation,g, , and has a lower specification limit &SL;, and the second quality characterisig a
normal distribution with unknown meagpy, , standard deviationy, , and has a lower specification limit

of LSL,. However, a product will be conforming if both @fiality characteristics are more than their
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lower specification limits(X, = LSL, X,> LSL). If one of the characteristics is more than itwdo

specification limit and the other characteristic Isss than its lower specification limit,
(X, = LSL, X,< LSL) or (X, <LSL, X,= LSL),then this product is called semi conforming; and i

both quality characteristics are less than spetifia limits then it will be categorized as nonanfing.
The products are produced in a lot of size N. Sigplan is used for the determination of the lot
quality. The applied sampling plan is as follows:

A sample of size n from a lot of size N is seleat@adomly. The sample is inspected and the decision

made on the quality of lot based on the numbewootonforming O ) and semi-conforming[d, ) items.
d,andd, (d, <d,) are two acceptance limits for the number of naf@oning items, whiled, andd,
(d, <d,) are those for the number of semi-conforming itefist, if the numbers of the nonconforming
items are less thad, and the numbers of the semi-conforming items @se thand, ,then the lot is sold

in a primary market at a specified priee for each item. In second case, if the numbershef t
nonconforming items are more thal, and the numbers of the semi-conforming itemswaoee thand,

then the lot will be %100 inspected, so that thefaeming products will be sold in the primary matke
while the rest of them with a specified cdStfor each item becomes scrapped. In the third dése,

(d,<D<d,0<D<d)or (D<d,,d;<D=<d,), then the lot at price of for each product
(r <a) will be sold in the secondary market. In the ott&ses, the lot at pricR for each item will be

reworked. It is assumed that the rework operasamt complete and the reworked lot is about toepla
each of the groups of the primary market, the seagnmarket, the reworked items, or the scrapped
items.

2- 1- Notations
C, andC,: production cost per unit of the first and secqoélity characteristics
i : inspection cost per unit of products

n: sample size
N : lot size
D : numbers of nonconforming products in a samplgiz# n

D, : numbers of semi-conforming products in a sampkze n

d,, d,, d;, d,: inspection limit, for the number of nonconformiagd semi-conforming production in
sample

LSL: lower specification limit for the first qualityharacteristics
LSL, : Lower specification limit for the second qualidiyaracteristics
a: sale price of the product in the primary market

r : sale price of the product in the secondary market
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S: cost of scrapped product
g,, 9,: cost of one unit of excess material in the prodoicthe first and second quality characteristics
R: reworking cost

K,: coefficient of quality loss function in the prary market
K,: coefficient of quality loss function coefficieint the secondary market

2-2- Assumptions
To model the problem, the following assumptiares considered:
1. The lot size is large enough to apply the trinondi@tribution as a probability distribution of the
number of nonconforming and semi-conforming items.

2. Process cost is directly proportional to the mealnesof the quality characteristics.
3. There is no shift and change in the process tamgthe process is under statistical control.

2- 3- fundamental relations
The probability of producing a honconforming guot is:
L, AXH, S ey

m = fX, < LSL, >s<LSL2)—j R dﬁmé% d 7)

—00

The probability of producing a semi-conforming puotis:

m = p((X, <LSL ,X,= LSL YJ (X= LSL,X <LSL))

LSl XM 1 %=ty 2
1 Sy 1 0.0
o dx | ——e" % dx+
,'[ o, 2ne LL o2 )]

© 1, X, .Ul) LSly Lty

o, dx | ——e?® > dx
|_£L1 g, V2 e _J;, 0'2\/ 2T
According to equation (8), the probability of a guet to be nonconforming in the first quality
characteristics and conforming in the second quahfaracteristics could be obtained from equat®n (
and the probability of a product to be nonconfomgrimthe second quality characteristics and conifagm
in the first quality characteristics could be obtal from equation (10) as follows:

LSl 1 1 Xf,u 1 1(X2 Ty

! -—( 2 o

m. = 2 g, d —=e = d 9)
) i v >5I e X
. ° _1(X1 My ‘Se :(XZ Xty

m, = _[ ez g  dy I ——e? * dx (10)

LSl 1\/57 oo 0'2\/2_”

The probability of producing a conforming produgtis following:

m =1-m - (13
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The probability distribution of the number of nonéarming and semi-conforming items is obtained from
the trinomial distribution with the parameteng, m, and m,. In the first case, the product is sold in the

primary market, If the number of the nonconformprgducts is less thad, and the number of semi-

conforming items is less thagh, , the probability of this case is as follows:

p, = p(Ds< d,D,< )ZZ ( )nini”}(”” (12)

IOJO

If the number of nonconforming products is morentllg and the number of semi-conforming products
is more thand,, then the lot is considered as scrapped, wherprtitEbility of this case is as following:

n n—i n!

! -i-

=p(D>d,0>d)=Y ¥ — " mnm 13
iy saai!]! ( )

If (D<d,,d;<D,=d,)or(d, <D<d,0< D <d,), thenthe lot could be sold in a secondary market

with the probability ofp, as follows:

pg=p(Dsd2,d3< D<d)+ {d< D d,0< D< ¢)=

> Y iy e (19

i= Oj-d3+1| J

d, d,

)3 Jerrymersann

|d1+leIIJ'

Syimm

In the other cases, the lot is reworked. The pritibabf reworking the lot is:
n=1-p-p-

we need to determine the conditional expected vafuguality characteristics for evaluating give-gwa
cost of excess materig], is the conditional expected value of the quathgracteristicsc, conditioned

on the event thak, is more thanLSL, .

(15

]; 1X1IU1)d

X \/—ez o, UX

= E(x|xzLst) = 5O o
\/—ez( . )dxl

|_SL1
y, is also the conditional expected value of the iuaharacteristics,, conditioned on the event that

X,is more thanL SL, .
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—E(x2|x2>LSL2)— 2 XA
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2 g, )d
LSL2 \/_e XZ
2- 4 - Profit objective function
Profit objective function is determined as thguagion (18). It consists of benefit from sale het
primary market (equation 18, part 1), the benefithe scrapped items (equation 18, part Il), berfefim
the sale in the secondary market (equation 18,libgrand benefit from the reworked items ( eqaatil8,
part IV).

17

aN—-in— ¢4 N- g1, N Edixg

— AIN-GN- G, N+ mNar (1-5n )NS ( ®,d,B z)d (18)
MN-in—-cN-c,N (D<d,d,<D<d) (&< D=d,0< D<)
E(PN -in-RN ow .

Part | of equation (18) has fallowing terms: imeoof the total sale is multiplied with its pricalN ,
minus the inspection cost of a random sample)( minus the production cost of the all products,

(N + Cu,N).

The second part of equation (18) denotes thefheri the items that are considered as scrappetthis
case, the lot is %100 inspected. The conforminglyets are sold in the primary market and the nest a
considered as scrapped. In such conditions, thefiber this case is equal to the income from take ®f

the conforming products in the primary marki@gh, Na), minus the inspection cost of all item&\(),
minus the cost of productiorf¢, 1, N + ¢4, N), minus the cost of the products which are considies
scrapped((1-m;) NS .

The benefit from the items that are sold in @osdary market is obtained in the third part ofagun
(18). The benefit in this case equals to: the inedrom the sale of items in the secondary markkt ),
minus the cost of sample inspectidn J, minus the production cost of all produ¢tsz, N + ¢/, N) .

The forth part of equation (18) considers the bienef reworked items. In this case, we have assume
that the reworking process is not complete andahmay be placed in each of mentioned pasts again;
that the benefit in this case is equal to the etgueralue of total profi{E(PN)), minus the cost of

inspecting the sampler(), minus the reworking cosRN).
According to the profit function, the expecteslue of profit can be obtained from equation (198) a
follows:

E(PN)=aNp- inp— g4 Np- @/, Np

=iNp, -4 Np,— ¢, Np+ m Nap-(1- m NS (19
+rNp; —inp, — G, Np,— ¢, N,

+E(PN) p - ing - RNp

Equation (19) is arranged to equation (20) as fahg:
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E(PN) = -ing -iNg +m Nap- (1-m )NSp +rN (20)

—inps—inp4—RNg -GU, N(H TR TR )—QLIZN(Q TRtR ))

By dividing the equation (20) t& , the expected value of profit per unit of the pradis obtained as
following:

E(P)=

: SiL p, -ip,+ map- (1-m )Sp +rp - p
Py N N 21)

. Nn
-Iﬁp4-Rp4 -G (P P, + P )-Cl (P P+ PS))

2-5-lossfunction

Both quality characteristics in this study, dat mave upper specification limit, thus the largére
better loss function is used for quantifying consuross. It is obvious that consumers becomes more
satisfied when the values of quality characterigticrease (Duffuaa and Gaaly, 2013).Taguchi loss
equation in this case is as follows:

LX) =k % (22
Wherek , is the coefficient of quality loss function.
In this study, according to market segmentatioss fonction is as follows:

k, NL+

(m,+m, )Ng (y -LSL ) Dsd, D,<d, )

(m;+m, )Ng (y -LSL )

kmNL +mNg (f -LSE )+} (D>d,,0,>d,) (29

LN=1{m,Ng, (% -ISL, )+(1-m,)Na

k,NL, + (d,<D<d, 0<D<d)

(m;+m, )Ng (y -LSL )+ &

(m+m, )Ng (y -LSL ¥( ar)N (D<d, d,<D=d,)

E(L) ow
In which, L, is the Taguchi loss function of products soldhe markets.

o AX Ty 2 L%ty
L= I: UJ—e e _M%ﬁez( % dy (24)

And L, , is the loss function of conforming products.
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1 Y X /'11)2 1 LTty
L, = dx | =———e? = d 25
N e el @
m, = E(losgx > LSL)E( los|x, > LS.,) (26)

(k;NL,) is total loss of sold items in the first market.dﬁ(‘m3 + mz) Ng( y- LSL), is the expected

give-away cost of the first quality characteristiaad (m3 + mz) Ng( y— LSL) is that of the second

guality characteristics.
In the second part of the equation (23), aft@plementing %100 inspection plan, a part of theidot
conforming and could be sold in the primary markethis case, Taguchi loss function of such présiuc

is (K;m;NL,), also the expected the lost income value due ¢tk &f sale in the primary market
is(1-m,)Na, and give-away cost of the excess material usetthénproducts are considered as loss
where (m,Ng ( y,— LSL)), is the expected give-away cost of excess matésiathe first quality
characteristics an@ms) Ng,( ¥, — LSL), is the second quality characteristics.

(k,NL,) is total loss of sold items in the secondary markdso in this case((a—r)N) is the
difference between selling prices in the primarg aecondary market considered as the loss value and
(m3 + mz) Ng( y— LSU) is the expected give-away cost for the first dyatharacteristics and the

expected give-away for the second quality charesties, |s(m3 + mz) Ng( y— LSL).

In the fourth part which the process is reworkéetn the lot may be placed again in one of the
explained parts. To this purpose, the loss is densd as expected value of total loss.
The total expected value of loss for the lot i$adlewing:

E(LN)=k (N p) +(m,+ m, )Ng (y -LSL )p +(@*+ m INg ¢y -LSL )p +
kmNL p +mNg (y -LSL )p +m Ng (y -LSL }p +(1-; )Nap ,KI(p )+

(my+m, )Ng (y -LSL )p +(m+ m INg ¢y -LSL Jp +(@a-NNp +E(LN)p  (27)
Equation (27) is arranged as equation (28) :

(m+m, )Ng (¥ -LSL )p +km NL p +m Ng {y -LSL )p (29)
+m;Ng, (y, -LSL )p +(1-m )Nap+ k (NL p )+
(m+m,)Ng (y -LSL )p +(m+ m )Ng ¢y -LSL )p +(a-nNx

By dividing the equation (29) td\ , the expected loss per unit of product is as fahg:
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E(L)= (ﬁ)kl(upl )+(m, +m, )g, (4 -LSL )p +

(m+m,)g (¥ -LSL )p +kmL p +mgy -LSL )p (29)
+m,g,(Y, -LSL ) +(1-m Jap+ k (L p )+
(m+m,)g(y -LSL )p +(m+ m )g y -LSL )p +(@-np

2-6- solution
In order to solve this model, a search algorithmeveloped:

Step 1.
Each target is separately optimized by linear gighrch method with Step in the interval of
I, =[LSL, LSL+ B] andl, =[LSL,, LSL,+ B]in which, B is a positive number.

Step 2:
Optimal Pareto points are created through thevatig steps:

i. T, =min(T,.T,) andT,, =Max(T, T, ) is defined.

i T =Ty F1VOM G Trad 1=1,.n andT, =Ty, + jyO[T,,,, Tl =1,...n is defined in which
UZJ =U, +jy FL..n,U, =U, +iy i=1,., n,U11 =U, +jy FL..nU, =U, +iy i=l,..,n
iii. InwhichT, is considered as the Pareto optimal solutiongfehs noT; , so that:

f (T)2f, (T): k=12

Step 3:
The Pareto optimal solution s are ordered as:

i. Normalization:w, i=1,...,F k=1,2
f.(Ty)

ii. The summation of normalized numbers is defined as:

iii. Deviation percent is defined as:

iv. The points are ranked based ®AD, in the order of ascending. The points with lower
PAD, values are better solutions.

3- Numerical example
In this section, an example is designed andesioby an optimization software to evaluate the psegd
model. As the best of author's knowledge, metaisgarmethods are not applied for solving the
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economic models of optimal process adjustment thascannot refer to literature for adopting the
Genetic algorithm. Consider a company which produeeroduct with two quality characteristics. The

first quality characteristics Xfollows a normal distribution with unknown mean , standard
deviationo, , lower specification limit ofLSL;, and the second quality characteristicsoX a normal

distribution with unknown meag, , standard deviatiosr,, and lower specification limit ofSL,. The

aim is to find the optimal amount of the two quatiharacteristics by maximizing the expected prafitl
minimizing the expected loss. The other requirddrination is available in table (1).

Table 1. input parameters of the numerical example

input parameters amount
LSL, 10
L5L, 12
N,n 500,10
o 80
r 56
R 28
G1: 82 34
i 30
5 12.6
£4.C7 1.5,2
o,.0; 0.3,0.6
Ky, ks R{LSL, + L5L )% (LSL, + LSL,)*
d, d,,d,,d, 1,2,1,2

At first, two objective functions of the problesme optimized individually by the numerical griebsch
method, then objective functions are optimized #iameously usindNSGAIl. Optimal solutions of each
objective function is presented in table (2), safily. The results show that a maximum profits
of %37.77 is obtained by mean value of 10.6 forfits quality characteristics and mean value 0®12
for the second quality characteristics. Also, thmamvalue of 10.5 and 12.8 for the first and tteod
quality characteristics respectively, leads to l0k46.27. Table (3) shows five optimal Pareto sohs
sorted byPAD standard that each of these solutions could beofftienal solutions of the problem
according to the decision maker priorities. A solutalgorithm is developed in the sub-section 6 t
order the Pareto optimal solution and we can séfecbest solution based on this algorithm but vag m
apply other methods of Multi Objective Decision Ntak (MODM) that are discussed in the reference
(Friedricha and Luibleba , 2016).

Table 2. The optimal mean value of objective functions

first qual_lty_ second qga!lty expect_ed first qual_lty_ second ql_JaI_lty expected l0ss
characteristics| characteristics benefit characteristics| characteristics
10.6 10.6 37.77 10.5 12.8 16.27
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Table 3. five optimal Pareto sorted solutions

first quality

second qualit

row characteristics characteristics loss benefit
1 10.5445 12.8425 16.31888 37.66644
2 10.5620 12.8234 16.3141 37.66079
3 10.5568 12.8352 16.32233 37.67756
4 10.5553 12.8254 16.30924 37.65176
5 10.5613 12.8352 16.32742 37.68598
objective function
166 | | | | | i | | |
R B D S A S SR S
A
1&45———‘r——‘r——#——%——#——#——#——43254———
; T
- 16-4———l———l———l———l———%——%———l——%——l———
A N R .
16~35~*l"*%**%**%"%"%"éﬁﬁ@i%"%*"
A e
16-3*"l*"%**%**%*Q%Mf"%"%"%*"
A

16.25
37.35 37.4 3745 375 3755 376 3765 37.7 37.75 37.8 37.85
profit

Figure 1. Optimal Pareto solutions

4- Conclusions

Economic adjustment of a process parametersdsod the most important subjects in the statiktica
process control. Because of deviations occurred tdueaw materials, labor, and process conditions,
products quality may be different from the targaiues. Choosing the target values for the nomiredm
of the process may lead to minimum production boston the other hand, this adjustment may lead to
increase the number of nonconforming items. In tegearch, an optimization model with two objective
functions are developed for optimal process adjastnThe results of solving this model indicatet tha
optimal mean values of the quality characteridtiage a small difference from the lower limits whish
due to the considered give-away cost for both cherstics. We suggest to consider optimal design of
sampling plan and optimal process adjustment wattheother in one optimization model to investigate
their relation and properties of optimal solutions.
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