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Abstract

A supply chain is composed of a complex sequenc@rotessing stages, ranging from raw
materials supplies, parts manufacturing, componantsend-products assembling, to the delivery
of end products. In the context of supply chain agament, supplier selection decision is
considered one of the key issues faced by opegtemmd purchasing managers to remain
competitive. Therefore, requirements of engineersustomers may result in product configuration
change with product life cycle. Effective managetneh product configuration can actually
enhance productivity and customer satisfactions Bhiidy proposes a two-phase model in the first
phase of which an innovative design for new paiitslve proposed by contradiction matrix, and
translating contradictions into 39 engineering paeters of TRIZ , solving them by 40 innovative
principals and by means of AHP fuzzy. In the secphdse, an appropriate supplier for new
product will be selected by value engineering andet costing. Finally, a case of clutch system in
SUPCO is used to approve the applicability of theppsed approach. In this study, the best choice
is the use of fuzzy AHP. After determining the tatast of the target product and initial screening
of the suppliers based on that, the index valuescalculated for each supplier according to the
criteria of the organization. Thus, the best sugsplwith the highest value to the organization have
been selected.
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1. Introduction

Nowadays, change in the products is unavoidablet@heavy competition in the market, the need
for increasing customer satisfaction, improvingdua performance and enhancing the product
added value. Therefore, manufacturers must invdet af time and cost to change the product
components during the life of a product. In gendeatk of attention to this issue will lead to an

unfavorable system operation. So, this matter detexs the importance of the issue even more.
Therefore, change in the product parts should Bedan the overall performance of the piece with
other components [1]. Due to the significant deseeim the mean length of product life, product
configuration change and subsequently change irpoaents of a product will be a critical issue

for manufacturers. Continuous improvement of prodiucing production includes improvement of

product weaknesses, introduction of new technolagg improvements in the manufacturing

process. Providing optimal approach not only insesahe life of the product, but will also properly

meet the needs of its customers. In other wordsndotain the competitiveness of the product,
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organizations need to adaptation that help to ahahg process in product parts. After change in
the parts, the process of selecting the right seps very important [2].

In this study, a two-phase model for product camigion change will be presented. In the first
stage of the model, in order to find the approprizdrt for emplacement in the product design and
removing inconsistencies resulting from the replaeet of the new parts, with regard to the criteria
of the organization, an integration of TRIAnd FAHP methods is used. In order to find the
appropriate solutions to identify inconsistencied good part design, 40 principles of TRIZ and 39
engineering parameters of that are applied. Thes,fuizzy AHP method is used to select the
appropriate part, by considering the intangibléscia.

To select the appropriate supplier in the secorad@hvalue engineering and target costing methods
are used. These two processes are complementarle Vdtue engineering determines should be
considered for cost reduction, target costing di@scthe organization’s profit to achieve the targe
[3]. Therefore, at first, target costing is usedl&termine the cost of the goal and then accortting
different criteria of organization, the best supplis selected using the value index of value
engineering.

TRIZ is the theory of innovative problem solving tim@d. This method is based on a technical
evaluation of product, and operates for increading ideality level of the product through
investigating and resolving conflicts and using tleast resources. TRIZ always shows that
applying usual strategies for resolving contradit$i can greatly improve product and system
design [4].

In the fuzzy analytic hierarchy process (FAHP) roethvhich is a multi-criteria decision-making
route, decisions that are related to the variouasomes can be made. In this method, at first the
structure of the decision is determined and themowua alternatives based on decision-making
criteria are compared with each other and findlky priority of each choice is determined. In fact,
FAHPis a broader model of analytic hierarchy prscdbkat efficiently applies uncertainty
phenomenon in the decision-making process [5].

To supply the replaced parts in the process ofuymrbdonfiguration change, new manufacturers and
suppliers are needed [1]. Therefore, finding tlghtrisupplier is very important in the process of
product configuration change.In order to seleatgpser that can produce and supply the part with
more competitivepricethan others while maintainitige product quality, given the current
competitive conditions, in the second phase ofstiaely a combination of value engineering and
target costing methods has been used.

Target costing ensures the adequacy of income Wggadvantage of income and expenditure
planning at the same time. Target costing is algtube amount of the virtual cost that can be
created about a product and achieve the requi@tt9[6]. Also, value engineering is one of the
most successful methodologies of problem-solviragt ceduction, and performance and quality
improvement [7]. Value engineering is indeed the meay of process looking at the problem that
includes the objective evaluation of operations enhag parts, components, products, services and
everything that is charging any costs [8]. So,his research, in the target costing section, at fir
the target cost is calculated, and primary scregoifnsuppliers with regard to the total cost of the

L Theory of Inventive problem solving (TRIZ)
2| Fuzzy Analytic Hierarchy Process (FAHP)
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target is carried out. Then, using the techniqgdeslue engineering, the value index of each of the
suppliers in relation to criteria is determined dinelly a supplier is selected that provides tlagt p
with the price determined by target costing and thes highest index according to the criteria
specified by value engineering.

2. Literaturereview

a new definition of product configuration changeswexpressed by Christiansen (1997). In this
definition, in order to improve the value of comial products, change in product configuration is
considered necessary. This is rooted in the dexwsop of competitive advantage due to change in
the parts in their lifetime. Many researchers andireeers have used phrases such as part change
management and engineering change management ta#meproduct configuration change. It is
evident that product configuration change alwagsl$eto the sustainability of product performance
from the technical and physical viewpoint [9]. Ald¢arkan considered a change or improvement in
product parts as a change in engineering design Af@r that, some other studies were carried out
about product configuration change and differentdet® were proposed to solve the problem.
Wang and Che presented a model in TFT-LCD for ckanghe product parts based on the needs
related to parts change, fuzzy performance indisaemd a set of different characteristics in
selecting suitable part suppliers for modeling caroial goods [11]. By presenting a three-stage
model, Wang et al. provided a new methodology teesproblems related to product configuration
change. In their study, at first, the intended peats selected by analyzing the bill of material
(BOM) of the product and then primary screeningtted part suppliers was done through value
engineering techniques. In this method the selectiothe most suitable supplier of part was done
by the use of genetic algorithms and consideringtiexg criteria such as quality, price, time and
reliability [46]. In order to make changes in thmae parts, Wang et al. continued their research by
developing a mathematical model. Besides havingathibty to evaluate the implementation of
change programs, the designed model can also ¢salua suppliers and distributors of needed
parts. In this model the analytic hierarchy procésBlP) decision-making method is used to
formulate weights [12]. In a research conducte@0t1 by Huang et al., a two- phase model was
provided to solve the problem of change in the pobgbarts and to find a suitable supplier. In the
first phase the AHP and expert panel were usedhatyze and select the priorities of the product
change. Then, the process of selecting suppliaduding the construction of a mathematical
model, began based on the PSO algorithm [2].

Therefore, due to changes in product parts andjdesid replacement of new parts in the product,
a new model that can solve the contradictions ef mdplacement seems to be necessary for
changing product configuration.

The TRIZ theory is an innovative method for solvipgoblems and has been established by
Altshuller. In his innovative theory, he presentmadel for solving technical problems of a system
using 40 key principles and solving conflicts ma{d3]. Liu and Chen stated the core of TRIZ as
40 principles and contradiction matrix, and introéld it as a means to aid engineers in modeling
and analysis. TRIZ has long been used to solvepthblems of product design [14]. In another
research, the product innovative design problembleas discussed. Innovative design has become
an important value in many businesses in the pitodieelopment process. Innovative designs are
sometimes used in connection with the conflictpamameters that speed, reliability, quality and

19



A two-phase model for product design developmedteraluation and supplier selection in product p.,3¥-39

price are important. This study focuses on the d¢oation of TRIZ innovative problem solving
theory and fuzzy analytic hierarchy process methodshe design of automated manufacturing
systems. Also, in this study the contradiction mathat contains 40 principles and 39 creative
engineering parameters has been used [2].Cascali ¢dunched extensive research to optimize
product design. According to TRIZ, they have paintaut that a system malfunction is the best
reference for its improvement.

In this study, an objective function of the systeperations that the designer wants to improve and
achieve is defined. System variables are actuaygm variables set. To provide the system needs,
a set of limitations are also defined. Two casescansidered in this study: designing a new part
and. Re designing a part or sub-parts.

If the optimization is to bring about successfusules, the design work will be completed
successfully. But if the optimization results ofoplem are inconsistent, contradiction analysis
should be performed. More exactly, the result dfrozing operations is converted into a series of
physical contradictions. So, the main challeng® iBnd contradictions. Physical contradiction can
be resolved through separation principles. Thesegdeprinciples can overcome design problems.
Cascini and his colleagues state that design ingon@nt system can play an associated role in
order to identify geometrical inconsistencies ewgthh changing conditions of their use [15].

As is clear from a review of TRIZ literature andedto inconsistencies from replacement in the
design of new parts, this method can be helpfulrddeer, this method can introduce several
alternative plans, so we need a method that cansehthe best design among proposed design
according to different intended criteria.

To select the best alternative systems, a combmaif TRIZ and fuzzy AHP can be used as
mentioned in the survey conducted by li and HualjgHuzzy analytic hierarchy process (FAHP)is
used in many evaluation and selection problems. iRmgrated design and production process
Wecket al. used fuzzy AHP method to evaluate prbduycle alternatives and have overcome the
difficult decision-making process. In the next @®sh, product design and selection approach was
presented. This approach deals with combining fugaglity function deployment and fuzzy
MCDM. This model helps product developers to idgrithportant factors engineering and choose
the best model [16].

According to the literature review, it can be notkdt for selecting an alternative design of the
product and eliminating the replacement contraoisti and finally choosing the best possible
design, TRIZ can be used to resolve the contradiistand fuzzy AHP can be used in the evaluation
and selection.

Following the discussion of product configuratiodmange, the selection of a suitable supplier of
parts should be considered. Evaluation and sefedfosuppliers has been widely investigated.
Various approaches have been used to solve thidgono Among the methods that have been used
alone data envelopment analysis (DEA) can be cl{iddhe 78 articles presented in this field, 14
articles have used this method to select suitalpplegers. Other 9 articles have used mathematical
programming techniques such as linear programmirigger linear and nonlinear programming,
goal programming and multi-objective decision mgkmethods. Also, in some articles the AHP
method has been used. The ANP method has beenimsgalticles, and other studies use a
combination of the mentioned methods to selectitatde supplier [18]. A review of previous
researches shows that a new method must be usssletti a supplier that insures organization’s
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profit while guaranteeing product quality. In thesearch conducted by Hejazi, it has been stated
that besides creating and extending relationshtp aiippliers, selection of the suppliers based on
predefined targets also raises the creativity efgtippliers. Furthermore, under established strong
long-term relationships with suppliers, target cwpis most effective. The aim of this work is to
continuously innovate and reduce costs [19]. Adogydo the concepts of value and product cost a
combination of value engineering and target costeug be used. In the study conducted by Cooper
the relationship between target costing and vahgeneering was investigated, and it was decided
that instead of using the term “cost reduction” téwen “cost management” should be used [20]. In
the studies conducted by Ibusuki and Kaminski ealable costs were used to calculate the target
costs. By providing a new methodology in producpiavement process, value engineering and
target based cost were used [3]. Based on thequeViterature review on target costing and value
engineering it can be inferred that the combinatbrthese two methods have not been used for
selecting the supplier of parts. Therefore, duthéimportance of selecting suitable supplierda t
current competitive environment, maintaining qyadind ensuring corporate profits, a research gap
can be found in the extant literature. As suchpifesent study is aimed to cover the above case.

3. Material and methods

3.1 Product configuration change

Product configuration change is considered an itapotrend in engineering changes. In order to
make their product competitive, organizations mesinply with the constant and persistent
changes in the customers' needs. Since redesigningduct means giving up the first design idea,
resulting in the waste of resources and money,nizgtions tend to improve the previous design of
their products. Considering the market demandHerproduct, its constituent parts can be changed
and replaced with the appropriate parts that habwerebetter performance or added value. Thus,
considering the needs of customers and limiteduress, to survive or even stay in such a
competitive environment, changes in product engingeseems quite essential.

Replacement of each part with a new part will caoseflicts of the structure, construction
conditions and the final status of the product. réfare, in the process of product configuration
change, any change can cause a chain reaction.tiSB@magethe changes are so effective that may
even lead to changes in the parts where there aased for changing them at all [21].

A product configuration change creates combinedutemis of a set of fixed pre-defined
components. Each of these components is known lmquerfeatures, relationship and interaction
with other components, its functional limitationswda other structural constraints. Product
configuration change can include two aspects dirggand integration [22].

Usually, the products in which certain changesnaagle consist of several parts, each of which can
be supplied by a different producers. Needlessalp i order to improve product performance,
suitable parts suppliers who produce high qualitgdpcts and simultaneously can meet the
requirements of engineering and customer needs lmeustlected [11].

Research has shown that multiple product configumathange needs careful practical and
operational estimations, so it should be examinecbnnection with the strategic objectives of the
organization [23].
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3.2TRIZ

TRIZ is a problem solving methodology based onewsttic approach and logic that has been
obtained from the investigation of thousands ofsteged inventions and the analysis of technology
development. Inconsistency analysis is a new wdgaking at a problem [24].

TRIZ is still in the early stages of its evolutidhprovides tools for analysis and problem solying
as a result, it contributes to the adoption antirgeideas from other domains and using them in the
new areas. TRIZ innovative design research approaainly focuses on the following a spects:
identifying the problem, identifying opportunitiesinovative methods that merged and integrated
with other methods, TRIZ application in multiple dewn practices and innovation through
computer [24].

So, any challenging problem can often be descrdsed technical or physical contradiction. The
terms "technical" and "physical" are conventionairas, but have been common in the TRIZ
terminology. The term “technical contradiction” &e used means when improvement in a design
feature is at the expense of losing another featuineother words, improving the paramedewill
damage the parametbr For example, as the diameter of a container Wwadlomes greater, its
stability increases but it will be heavier. If aoguct or service feature has two different desired
statuses, a physical contradiction has been est&loli For example, consider a product that should
be hot as well as cold. Technical and physical reginttions constitute the foundation of TRIZ. If
the problem does not contain technical contradictibe problem will not be innovative TRIZ
problem. Altshuller has introduced 40 innovativenpiples that can be used to eliminate these
technical contradictions. He has also identifiedp@®ameters of technical systems that could be
used to describe and develop technical contradisti®Vays of resolving physical contradictions
include: using the principles of separation of cadictory properties in time, system deformation,
phase change, or substances physical- chemicagighan

3.3 Fuzzy theory

By introducing the fuzzy theory for the first timéadeh provided preliminaries for modeling and
simulation of inaccurate information and approxienegasoning by mathematical equations which
in turn have led to a renaissance in classical ema#ttics and logic. Fuzzy approximate reasoning
approach- which is known as the fuzzy system- epgsed for systems with high complexity and
uncertainty in which adequate and accurate infaonais not available. In recent decades, the
fuzzy set theory has been a useful tool in dealitf uncertain and ambiguous data and models
and some researchers have developed and expanvaei@ty of useful fuzzy ways considering this
ambiguity and uncertainty [26].

According to the definition, if;; =(l;;, m;;, u;;) is considered as a triangular fuzzy number, the
sum two fuzzy numbe®; = (I, my,u,) andM, = (l,, m,,u,)and inverse is defined as follows:

(I, my, ug) (Bly, My, ux)(Eli+l, , my+my ,uy + uy)
(omyun) 7= Guy Yy ) (1)
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3.4 Fuzzy analytic hierarchy process (FAHP)

Fuzzy analytic hierarchy process is one of the mumgpular multi-criteria decision-making
techniques invented by Saati in the 1970s. Thishatetan be helpful when the act of decision
making is faced with several choices and decisindexes [28]. Currently, the method is one of
most popular and most commonly used methods. Thie atlvantages include comprehensiveness,
optimal analysis of decision-making process in dtishayer hierarchical structure with transparent
assessment surfaces, possibility to compare pairatia (options) in a layer with the above layer
criteria and precise control of the estimates (oontyy of comparisons matrix) using the cohesion
ratio (CR) [29]. FAHP methodology is the developexnision of AHP that uses fuzzy set theory in
solving uncertain problem [30].

In 1996, another method entitled extent analysishotke presented by Yung Chang [28]. In this
method, using verbal phrases in the Tablel, theyfuoncepts in the determination of paired
comparison matrixes are included.

Table 1. Verbal phrase to determine the priority

Verbal phrase to determine the priority Triangdileazy numbers
Exactly equal priority or importance (1,1,2)
Roughly equal priority or importance (%,1%)

Low priority or importance (1,%,2)
Stronger priority or importance S,Qg)

Very strong priority or importance (?,,3)

Complete and absolute priority or importance S 3 5)

Fuzzy AHP algorithm is as follows:

The first step: Creating a hierarchical structuretiie problem.

The second step: In fuzzy state, the amount carreBpg to the verbal preferences can be
determined with triangular fuzzy numbers, accordmthe above Table.

It is worth mentioning that all the elements on thain diameter of paired comparisons matrix are
equal to (1,1,1);moreover, if the element of roand column j of paired comparisons matrix is

equal toM;i: (lij » my; w; ), then the element of row j and column i of thenwas equal to:
1 1

. - o
Mg, = (Mg) ™ = (L mij ,wyy ) ™h = (— =) )

)
uij mi]- lij

The third step: Calculating the relative weights tbé criteria and options: considering each
criterion and relative weight of the criteria witspect to the goal, Chang’s extent analysis method
is used for each paired comparison matrixes. Thagesponding to the relative weight of the
matrix a vector is obtained for each matrix [28].

3.5 Chang'’s extent analysis method
Phase 1: Obtaining a fuzzy composed extensiongitin goal
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For every m goals iMli, Mgi, .., Mg; are the analysis values of thénigoal,the fuzzy compost
extension of m goals is defined as follows fori-th goal:

—\'m j n m j -1
Si=Xj=1 Mg, ® (X, i Mgi) (3)
If Méi = (ly, myj, uy), then by the fuzzy addition operator m on extent analysis of m goz
Z}":lM;]i is defined as:
ZﬁlMéiz(lil'miliuil)@ (Lizs Miz Uin) @ oe @ (Lim, Mimm) Uim) 4)

-1
S, =>ar! ®[E Eu’)

1=l o=l =l

, 1 1 1 I m' '
= .m  u)®(— — — d ' —
STl S m'! S I

) =(—; - ——)y=(,.m 1)
P E 1) Z m' S I
=l i=l =l =l =l =l (5)

Phase 2: @lculating the degree of priority (degree of fedisf) of S; to Si: if S; = (L, my, w;)
andS,=(ly, my, uy), the degree of priority ¢S; to S, which is shown as(\s5; > S,)for triangular
fuzzy numbers is defined as follo

1 if (m zm,)

(S, 28,)=x,(d)=11 i, 2u,)
[, —u,

otherwise

(m, —u, )= (m =)

(6)
Phase 3: fie calculation of the degree of priority (degredeaisibility) of a convex fuzzy numbe!
that is greater than k convex fuzzy numts; ;i=1,2,...,k is defined as:

V(S28.8,..5)=T(S285).(525,)..(S25,))

>8,.5,....5, S5 28, (7)

If we assume that” (4;)= minv(s; > s,), then the weight vector is obtained as follc
W' =(d'"(A).d"(A,),....d"(A))

(8)
Phase 4: Normalizing the vectarand obtaining the normalized weight vector «

The fourth step: @lculating the total weight of the options: theatotveight is obtained by tt
combination of the relative weigh[30, 31].

3.6 Value engineering

Valueis the least cost to meet the required functiorth véliability in desired time and place, hi
quality and other factors related to the efficiemeguired to satisfy the needs of consumer:
other words, value is the provision of functionsl @ervies at the lowest cost in time and place
with the required quality [32]Value engineering is a systematic process to aehileg essenti:
functions at the lowest life cycle costs accordittg the required performance, reliabili
availability, qualiy and security for a specific product. Value engmey focuses not on cc
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reduction but on adding value. It is a practicgbrapch that illustrates the relationship between
"what you get" (performance) and "the value tha& worth" (source), as a definition of value [33].
Therefore, by focusing on function as a strategictdr for value improvement, the following
equation is defined:

function

©)
This relationship is the most selected definitiord @xplanation of value management concept.
Although the relationship appears to be very simgketermining the exact function, cost and
numerical values requires sufficient consideratiand time. As can be seen, value is changed with
variations in function and cost. Function improvemean directly enhance value [7].

Value=

3.7 Targets costing

Cooper states that the purpose of target basenhgaostto determine the cost of a proposed product
in a way that it meets the desired gross profthatsale time. The emphasis of target costing is on
reducing costs through changes in the product de#tigs used within the product design phase
[34]. Target costing method is a cost managemenittt@at designers use in the design phase to
reduce the cost of production in the future [3%].fact, by estimating the price of an expected
product and reducing the expected profit margirgeiabased costs of the product (product target
cost) is determined. The key point is to designr@pct that was made with a certain cost and
customer satisfaction is achieved. When targetirpstf a new product is determined, multi-
functional product design teams break it to deteenthe cost of the parts. In order to avoid past
deviations, competitive plans and other relevatd dee used. When target cost of a part or a set is
determined, an interactive process makes surehbattotal cost is equal to the target cost of the
product and creates relationships that link custeraad parts suppliers with designing engineers of
the firm to help them find solutions to design prodwith lower cost [19].

3.8 Key factors in selecting suppliers

Today's organizations who want to see sustainaioleth and development need to continuously
evaluate strategic performance of their own andnpas and a reliable evaluation system, due to
constant changes in demand and customer needs,lihaycles of products, presence in global
and competitive markets [36].

A supply chain is formed of a complex sequencerot@ssing steps, including suppliers of raw
materials, parts manufacturing and assembly of corapts and finished products to provide a
complete product. Supplier selection is one of Key issues in the field of supply chain
management faced by purchasing and operations mieEntg achieve competitive advantage [37]
since suppliers are a critical component of an mmgdion that can exert much control on
organizational performance. Due to these variofects, a revision of procedures in the selection of
suppliers is essential [38]. Nowadays, organizatibave found that the proposed price is not the
only criterion for selecting and cooperating withppliers. Supplier selection problem is a
complicated process that includes several qual@gaind quantitative criteria. In addition, because
of the relationship between these criteria, difiér@anitations such as the budget, capacity, and so
forth, the selection of suppliers is a multi-crigedecision making in practice. Considering the
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importance of discussing the selection of the sappind its effects on the company's performance,
models should be used to select suppliers by takitagy account the relative importance of the
criteria and interaction between them [39]. In gahé& can be said that in the decision to select
suppliers two issues should be considered: firegtweriteria should be used; second, what method
should be used to compare suppliers. Weber etoaitqul out that due to the complexity of the
decision on the selection of suppliers, variouteda can be considered for selection and this also
applies to the use of different approaches to ¢hecton of suppliers. In fact, in selecting supmi

the analysis of these two issues is considered dyynacademics and practitioners in purchasing
since the 1960s [40]. The criteria for selectingrapriate suppliers are reviewed in various arsicle
Early studies date back to Dickson’s investigatiode examined 23 important criteria in the
selection of suppliers. These 23 criteria almogtriayp with the criteria that have been considened i
various articles so far [41]. Table 2 summarizesdtiteria considered in various articles.

Table 2. The criteria for suppliers’ selection iffatent references
Reference The criteria for suppliers’ selection
Quality, on time delivery, administrative recordsrranty and returns plan,
manufacturing ability, price, technical abilitynéincial status, problems
complaint system, communication system, reputadiwh prestige, the amoun
Dickson (1996) [41] of interest in business, organization managemanttional monitoring, after
sale services, employees’ ethics and behavior, aogip packing ability,
employees working relationships, geographic locatibe level and amount gf
previous businesses, educational assistance, therdmf bilateral agreement
Quality, on time delivery, price, manufacturinglapj financial status,
supplier’'s working experiences, flexibility, sergi
Price, quality, costs, supplier's name and brasd,af environmentally
friendly materials, flexibility, reputation, suppls’ commercial brand
Price, delivery time, customer satisfaction, pradnality, after sale services,
Choy et al. (2003) [44] supplier flexibility, culture and working relationips, long-term experience i
supplying
Quality, delivery time, product costs, customeisfattion, management costs,
shipping process
Delivery reliability, flexibility and delivery, sypy chain response time, price,
Wang et al. (2004) [46] product flexibility, product shipping costs, prodwaarranty costs or the cost pf
returned parts, the amount of circulation capital
Cost, quality, price of the final product, havingnking experience with the

—

n

Muralidharan et al. (2002) [42]

Humphreys et al. (2003) [43]

=

[

Dulmin at al. (2003) [45]

Degraeve et al. (2004) [47] supplier, supplier's competence and experiencéityabind integrity of the
sales staff
On time delivery, product quality, the ability tespond to urgent requests, the
Bharadwaj et al. (2004) [48] transparency of financial accounts, the abilitgésign product, after sale

services, product price
Quality of final product, cost, on time delivergliability, flexibility and
innovation, cooperation, long-term relationshipvistn customer and supplig
adoption of new technology by supplier transpafiaincial performance, the
ability to product design, quality of product compats
Quality, responsiveness, on time delivery, finahakility, management,
technical capability, supplier’s resources
Financial ability, reliability, flexibility, infornation flow, product quality, on
time delivery

-

Lin et al. (2005) [49]

Liu and Hai(2005) [50]

Araz et al. (2006) [51]
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On time delivery, product quality, product pricectinology and production
Shyur et al. (2006) [52] level, responding (meeting) to meet customer ngadgessionalism, sales
staff, quality of relationships

Cost, customer satisfaction, quality, financialighitechnical ability,

Chan etal. (2007) [53] personnel training, organizational culture, reseantd development, safety|

Quality, cost, technology, manufacturing capabhiligsearch and development,

Su and Hou(2007) [54] on time delivery, provided services

Manufacturing ability, quality management, befonel after sale services,
Ha and krishnan (2008) [55] quality, on time delivery, the amount of controltbé& organization, business
plans, customer relationship

Mendoza and Ventura (2008) [56

U
—_

Flexibility, qugliprice, service, on time delivery

Quality, on time delivery, price, production akhjliservices, management,
Ho and Xu(2009) [57] research and development, financial ability, flditip reputation and
credibility

By surveying the literature, from 2000 to 2010 iorenthan 80 articles it becomes clear that the
most important criteria used to select supplidrs {irst 6 criteria) are, respectively: quality, ttme
delivery, price, production ability, after sale\dsees and management [57]. Also, according to the
survey from 1960 to 1996, the most important us@dr@ (the first 6 criteria) are: price, on time
delivery, quality, machinery and equipment, geogiapocation, technical ability [58]. Of the most
important ranking and selection criteria of supli| the automotive industry are: quality, deliver
reliability, frequency of delivery, the exact numbef shipment delivery, the level of human
resources knowledge, collaborative relationshigpshiical expertise, competitive pricing, statidtica
process control, product design capability, commation, flexibility, production capacity and
facilities, commitment, past performance, policeesd safeguards to ensure the goods, financial
status, the desirability of doing business withpdigps, supplier’'s management and organization,
after sale services, the ability of packaging, tafpon and prestige, geographic location, future
prospects, small shipments, shipping method, and/atmn system [59, 60].

In this study, the selection of criteria has bdealized by reviewing and summarizing the criteria
considered in Table 2, the most widely used ceteni the previous studies and the views of
SUPCO subsidiaries’ experts, professors and adiratoss and those involved in the automotive
industry and work in connection with the supplyspfre parts. Therefore, the selection of suppliers
is carried out based on the following criteria whitave had the highest degree of importance:

1. Costs and prices: This can be defined as tosscpricing and payment policies.

2. Quality: Includes defective rate, product desgjandards and quality certificates.

3. Services: Includes delivery period of goods tisathe normal mean time between order and
delivery of goods in the delivery period of goodhkis factor can have a minimum and a maximum
time.

4. Organization: Includes organization’s finana@aility, experience and fame and position in the
industry. A supplier can have a high reputationanous dimensions. For example, a supplier may
have a good reputation in fulfilling obligationgjtbanother supplier has good reputation after sale
services. Therefore, careful consideration shoeltbaken to assess the field of supplier’s reputatio
and experience. Suppliers’ backgrounds and reaqoedsbe an appropriate criterion for comparing
the experience of suppliers [61].
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5. Managerial capability: supplier's managerial afaipty has multiple areas such as the ability to
manage supply chain and simultaneous customer reared;

6. Technical ability: This covers production capaend flexibility, daily or annual production of
goods, diversification of production and the apitid produce similar products. Producing similar
products means to produce products that can béitsiied technically for the original product.

4. Results and Discussion

4.1 The proposed model

According to the literature review and previousbnducted researches, a model has not presented
for product configuration change and its improvemen which part selection product for
replacement in product and contradictions resultirgn the replacement, fixing them and
achieving optimal designs, using TRIZ and fuzzyrdmehy process. Our study also offers a new
approach to the selection of suppliers in whichgleath the selection of the best supplier with the
two target costing and value engineering methods.

As specified in the proposed method, the modeliohes two phases: in the first stage of this phase
after analyzing the product, its weaknesses andomes needs, the product is selected for
improvement. Contradictions are discussed in thet s&ep. After translating them into TRIZ
engineering parameters and solutions to solve adictions by TRIZ principles, part improvement
designs are presented. In the next step, accotditige criteria the best design is selected among
the presented designs using fuzzy AHP method. Etergl phase deals with the selection of an
appropriate parts supplier. In the first step, $b#ing price of target product is determined. Then
the total cost of the target product is specifiide cost is multiplexed to product parts in thetnex
step. Therefore, the cost of all the parts is deiteed Considering the cost of parts and presenting
it to the suppliers, suppliers who agree to supplys with the desired cost and quality are sedecte
So, the initial screening of suppliers is performé&thally, according to the criteria, the final
selection of suppliers is done by determining thki® index of each supplier.
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Second phase

Determining the selling
price of the clutch disk
and plate

\ 4

A 4

Initial screening of
suppliers based on
product cost

fixing them Investigating and l
determining sales Evaluatln.g each
v margin supplier

FAHP Hierarchical
structure

A\ 4

Achieving product
target cost

A 4

Final supplier
selection

\ 4

Selecting the best par
design

Parts Multiplexing

Figure 1. Model presented for the process of prodosfiguration change

4.2 Case study

With a background more than a century, the autolaadhdustry is known as the locomotive of
other industries in the world. The industry is agpdhe widest and most productive economic-
industrial activities and is classified in the gatey of major industries in terms of its importance
Therefore, in order to validate the above modek thodel has been implemented in the Iran
Khodro’s design, engineering and supply Parts Canmg®UPCO). In order to meet customer
satisfaction and increase the quality of manufactyarts, the company’s engineering department
has considered and implemented improvement propectene of the main affecting parameters.
One of the reported problems has been the geae nmishe stasis state of car. To solve this
problem, many improvement projects have been ptedetmat could not completely solve the
problem although they have been effective to soxtené Therefore, it is necessary to define new
improvement projects. Thus, according to expertar geoise problem is selected as the
improvement project.

The first phase- selecting the appropriate partgu$RIZ and fuzzy hierarchy process:

Stepone- System selection and evaluation:

29



A two-phase model for product design developmedteraluation and supplier selection in product p.,3¥-39

According to the evaluation of the causes of geasenat rest state by LUK- one of the leading
companies in the disk and clutch manufacturing,igtesind troubleshooting- experts’ views,
investigating the causes of gear noise, limitationschanges in the design and also the problem
background and the improvements have been madusiriie¢ld it has been concluded that one of
the causes of noise is abrasion. The abrasionakas place in the range of the hub collision with
the hub page. With investigations done in this aed results from frequent meetings with the
design team, in order to solve the problem of abraglesign engineers concluded that the solution
could be adding a new part to the abrasion place.

Step two- Identifying and resolving contradictiarsng TRIZ:

In this step, actually the problems raised by tystesn are translated into engineering parameters
provided by TRIZ. To solve them, the relationshgivizeen the provided 39 engineering parameters
and 40 principles is determined.

Table 3. The contradictions and principles usecsolve them

Translation them into 39 - -
ransiaton them into The prlnCIpleS prOVIded

Contradictions TRIZ engineering by TRIZ The used principles
parameters
Temperature rise inthe | The contradiction between
system and deformation| temperature and maintain the 1,32 and 35 Change in the materia|
the part added integrity of the object

The system should solve

the problem itself (creating

an appendage on the
system).

Tight connection to the
system without the need| Robustness and ease of use 2, 25, 32 and 4(
for machinery

Linear components can be
replaced with curved
Low weight of part and The amount of materials, components, flat surfaces
. . 3, 10, 14 and 36 :
resistance to stretch tension and pressure with curved surfaces and
cubic shapes with

spherical shapes

The ability to adapt and

improve the accuracy of|  Adaptability and ease of
the system, lack of ease of manufacturing

manufacturing

1,13 and 31 The object be porous

According to the contradictions and solutions pded by TRIZ the two following designs have
been proposed by the design team:

Figure 2. The first design Figure 3. The second design

Step three- Creating fuzzy AHP hierarchy to sdleetbest design:
In consultation with the director of planning tl@lédwing management criteria were identified for
this system based on the preference: accuracy, fiiexaility and reliability.
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4.3 Problem solving using fuzzy AHP

Selecting the best part

-

Accuracy Time Flexibility Reliability

The second design

The fust design
Figure 4.Fuzzy AHP hierarchy
Target
Reliability Flexibility Time Accuracy
. . 345 5 1,3
Reliability (1,1,1) (5,25) (2,5, 3) (5,1,5)
T 2 12 5 2 12
Flexibility G55 (1,1,1) élzg) Coa
. 121 2 12 121
Time Gsa G 23 (L.1,1) G5
Accuracy €1,2) (%,2,2) (z,g, 3) (1,1,1)
Reliability X4 X, Time X4 X,
212 X 1,1,1) | g22
e X, LY | Gss 1 (L1 | 622
P;= 212
355 X Goo | (L)
%, (2'2,2) (1,1’1) 2 523
Flexibilit X X
e>§ y ( ! T 2) Accuracy X, X,
P,= 1 1,11 - 1,2 2 12
’ . 3 p= X1 111 | G373
X5 (1!51 2) (1’111) q: 3,5
s ned 3 .5 5 X 23 (1.1.1) 1
TIaMp=(1 1,10 6E2) @ 22,3)® G
12) = (5,65,8)
j 2 12 345 2 12
j=1Mg,= 5@ (LL1D (,25) @ (53 =(3.3, 4, 4.83)
4 j 121 2 12 121,
1My =G 20) © G50 @ (LLD) @G, 5,;) = (2.063,2.3,2.67)

1M,= G 12)® G20 @ (22,3) @ (1,1,1)=(5.17,6.5,8.5)
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LT M) =(5,658)® (3.3, 4, 483 (2.063,2.3,2.67)® (5.17, 6.5, 8.5) = (15.53,
19.3, 24)

(Th,Sia M) =5, —)=(0.041, 0.052, 0.064)
Reliability: $,=(5, 6.5,8) ® (0.041, 0.052, 0.064)= (0.205, 0.338, 0.512)
Flexibility:S,=(3.3, 4, 4.83)®(0.041, 0.052, 0.064) = (0.135, 0.208, 0.309)
Time:S;=(2.063, 2.3, 2.67) ®(0.041, 0.052, 0.064)= (0.084, 0.1196,0.1708)

Accuracy:  S,=(5.17, 6.5, 8.5)® (0.041, 0.052, 0.064)=(0.211, 0.338, 0.554)
S,= (0.2744, 0.3333, 0.4096)asg= (0.49, 0.66666, 0.8974)

S,= (0.3, 0.3984, 0.57)ang= (0.4, 0.6, 0.855)

S, = (0.49, 0.666, 0.896)ans}, = (0.274, 0.33, 0.4096)

S, = (0.2744, 0.3333, 0.4096) angh= (0.49, 0.66666, 0.8974)

0.084-0.512 —0.428 0.428
V (5> S5)= = = = 2.0419
(0.338-0.512)—(0.1196—0.084) —0.174—-0.0356 0.2096

V (5,2 54)=0.449,v §,> S,)=0.444, v §,> S,)=0.1902
V (8542 52)=1, vV (§:=52)=1,V (§:> S4)=1, Vv §2> S3)=1, v (53> 54)=1, v (53> S;)=1,
V (84> 51)=1, v (§4= S3)=1

And so for the matrixes;pp,, psand pa:

Pi: v (s1>S,)=1,V (5,>S1)=1,p,: V (5:>S,)=0.4574, v §,> S;)=1,p3: V (5> S,)=1, Vv (5,>
S1)=1

Pyl v (s1>S,)=1, v (5,>5;)=1

q:

V (51>S,,S3,S.)=min{v (s; = S,),V(s; = S3),v(s; = Sy)}=1

V (5,>S;,S3,S4)= 0.444, v §:>S,,S;,54)=0.1902, v §,> S,, S5, S;)=1

W= (1, 0.444,0.1902,1)

P;: P,:

w=(1,1) W =(0.457, 1)
P;:P,:

w=(1,1) w=(1,1)

Normalizing by average method
g ——— w=(1.5184,0.6742,0.2888, 1.5184)
p, =/ w= (0.5, 0.5)p, = w= (0.313, 0.687)

| —— w= (0.5, 0.5)p, — w= (0.5, 0.5)
Calculating the total weight of the options:

The first design: 1.51&D.5+0.67420.313+0.28880.5+1.51840.5=1.8738
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The second design: 1 .5183.5+0.67420.687+0.28880.5+1.51840.5=2.1255

Step four- Selecting the best design:

According to the results obtained in the previowp sthe second design is selected as the winning
design. Its detailed design has been done by tieegring designers and shown in Figure 5.

Figure 5. The final part design

The second phase- Selecting the best supplier uaing engineering and target costing:

Step one- Determining the target selling priceisk @nd clutch plate

According to the data from SUPCO on the previouslpase prices of disc and clutch plate system,
the target selling price is estimated. It was réaedhat disc and clutch plate has been purchased
from different suppliers with the following pricéhe numbers are in Rials):

385500, 360432, 361500 and 390000

The studies have shown that the manufacturing corepaare often considering about 17 to 20
percent of profit to their products. So taking iatount the former purchase prices and at least 20
percent of the expected profit, the selling prceansidered 374400 Rials for clutch plate.

Step two-Achieving the target cost:

Given the price of 374400 Rials and reducing byp2@cent as profits the target cost will be
288,062 Rials. According to the previous allocatpattern, 171741 Rialsis for clutch plate and
116321 Rials is for disc out of this amount.

Step three- Parts multiplexing (including new addac)

Table 4. Multiplexed prices to disk parts

Clutch disk Consumption rate Real amount in Rials

Facing lining 1 54945
Facing rivet 12 576
Hub 1 22490

Drive washer 1 11750

Disc(metalicplaye) 1 30081
Guide washer 1 8056
Guide washer 1 8056
Spering 2 2879
Spering 2 3116
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Spering 2 2167
Toothed washer 1 4998
Toothed washer(pre) 1 1523
Flexibel washer 1 2224
Flexibel washer(pre) 1 2007
Spering(pre) 2 3608
Spering centering tampon 1 1672
Flexibel tampon 2 5680
Spaser 1 2206
Stop pin 1 467
Sum - 168507
Assembling and overhead costs - 3234
Total sum - 171741
Table 4. Multiplexed prices to clutch plate parts
Clutch plate Consumption rate Real amount in Rigls
Cover 1 31644
Pressure plate 1 28500
Diaphragm spring 1 40000
Fulcrum ring 1 5484
Drive strap 9 1152
Cover rivet 3 264
Plate rivet 3 1605
Balance rivet 1 33
Assembling and overhead costs - 4639
Total sum - 116321

Therefore, the target cost of each new added p2840 Rials.

Considering the target cost of new part, and aftgit to four former suppliers, two suppliers
agreed to supply the part. Now let us evaluatestippliers by value engineering.

Step four- Evaluating suppliers by value enginegrin

Two suppliers A and B have announced to supplyptiré Taking into account the value index of

each supplier based on the factors consideredstiyisdeals with the selection of best supplier.
function

ost
Generally, the evaluation criteria of supplierslueare based on the priorities of the organization

and its strategy including product delivery timeyality, prestige, and manufacturing similar

products.

So in this step, the value index of each of thepbers A and B is calculated. Value index of

quality, delivery time, prestige, and manufactursagpilar products is shown respectively with the
following variables:

Vo Vi Vp Vi

With regard to the costs imposed to the organinatsulting from failing to meet any of the above
mentioned criteria, in calculating the value indéxe costs of that index and the value of the
performance of the criterion are calculated asctiterion performance from the perspective of the
organization. Based on eatrlier records and thenmdtion available about these two suppliers:

In the case of supplier A:

Value=
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Vo= % =0.0016 ,vp, ﬁ =0.003
Vi, = = 0.0012 , vp, =2 = 0.0015
And in the case of supplier B:
VopT— 00 = = 0.0026, vDB =0.003
Vpp=5ee = 0.003, vy, =2 = 0.0015

As can be seen, in all items the value index obBepB is equal or more than the value index of
supplier A. So it is selected as the best supplier.

5. Conclusion

The prospect of Iran’s automotive industry is pnegein international markets and competing with
foreign manufacturers; a requirement that afteessdwears of activity in supportive markets and
exclusive circumstance can be regarded as a ma@ienge for the automotive industry in Iran.
The new conditions demand changes in many strategid mental and operational models in the
industry. Despite some apparent similarities, basethe findings the contents of current models of
suppliers selection is different from those of cetitive markets and do not have the requisite
effectiveness. In this context, the need is fetlésign domestic and more practical models based on
basic criteria of automotive companies, the staiglaf production on a global scale, and the
strategy partnership criteria for selecting thebglcstrategy supplier.

Also due to the increase of customers’ knowledgkdrange in their demands and to survive in the
market and problems caused by redesigning whichilergxtra expenses and long time, changes
are periodically forced to initial product to meeistomer needs. Selecting the desired part based on
innovative design which does not has any contraxficivith other components of the system is
necessary so that it could lead to an ideal delignesolving the contradictions. So, this study
proposes a two-phase model in which in the firsigeha combination of TRIZ and fuzzy AHP
approaches was used to resolve the problems oftisgjethe desired part for replacement in
product with respect to the contradictions resglfiom it. In the second phase, by integrating the
two complementary processes of target costing aldevengineering an appropriate supplier is
selected in an efficient way with regard to thefiproargin and without quality loss.

The main achievement of this research is a new haideoduct configuration change. Moreover,

a case of clutch system in SUPCO has been usegpim\e the applicability of the proposed
approach. In this study, the best choice is theofisezzy AHP. After determining the total cost of
target product and initial screening of supplieasddl on that, the index values are calculated for
each supplier according to the criteria of the pizgtion. Thus, the best suppliers with the highest
value to the organization, has been selected.

For further studies, other parameters can be atiléoe process of selecting the best design. For
example: using fuzzy value relationship to detemsnrtime value of each supplier, surveying the costs
of suppliers’ services based on their performanoé, using efficient assessment methods to select
the best supplier in the final step.
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