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Abstract

Multi-criteria decision making based on values gméferences of the decision makers has been a major
challenge in selecting the optimal material for amgineering product design. However, to evaluagectiteria
weights by importance as a major valuable toolslégision making among the team members are another
problem being faced in group decisions. In thisgoapeighted-sum method is adopted for solving nelter
selection problems. The team-compromised appraadftioduced as a parameter in the model by comdpini
the subjective weights and objective weights ofantgnce of the criteria in the decision making s Two
examples are presented to illustrate the efficdcth® model. The results shows that the proposedeinis
capable of selecting the best material taking atcount the material selection criteria.

Keywords. Multi-criteria, Criteria preference, Material sefi®en, Team-compromised, Decision-making

1.0 Introduction

Material selection is the bed rock of all enginegridesign and applications. This selection proaess be
described with respect to application requiremeptssible materials, physical principles, and s&lac The
decision to select an alternative material amongersg available options is one of the challengeedaby
designers. The selection process often involvesrageriteria that need to be enhanced effectively.

Product component material is regarded as oneeoifftiportant parameters in the process of enginggniaduct
design. Charles (1989) has mentioned in his pdgarit the materials selection plays an importatg n the
development of a product, as important as desighnaanufacturing and that all these activities aterielated.
The mechanical, physical, chemical, electrical, nedig property requirements solely depend on thected
materials. Others which partly depend on compomaaterials are product manufacturability; rigiditpda
stability of overall structure; safety, cost, anddtionality. Consequently, material selection psxappears to be
one of the critical factors among the tasks thatha be accomplished in engineering design. Malteglection
is one of the most important activities for a proddevelopment process. In the modern design matnufag
environment such as newly-developed concurrennereging methodology, material selection plays apoirtant
role in other activities in the total design modeich as market investigation, product design sigeatifn,
component design, design analysis, manufactureasedmbly as shown in Figure 1. The total designeiod
stated that in any product development, there amessteps to be carried out such as market inetistig
product design specification, conceptual desigtaiddesign, manufacture and sale (Pugh, 1991; &3®001).
Materials selection is the process of choosinglibst material for a particular design; in mechdnisign,
materials selection enters at every stage of tiad design process.

Material selection methods have been in developrdmnmnore than ten years. These methods typicatiyta
select the most appropriate solution for a givepliaation (Haihong et al. 2010). However, the imtpace of
decision making/selection in design has increasaddent years due to the range of approachesabiatio the
engineers is much larger than ever before. Thiseggmts the opportunity for innovation in designubilizing
these materials in products that provide greateiopmance at lower cost. To achieve this, it reggsia more
rational process for materials selection in degjdin appropriate optimization method that will hislp decision
maker to make the best choice of material for ttoelpct design.
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Gutteridge and Water-man (1986) described the dimaterials selection as the identification of miate, and
with appropriate manufacturing operations, and whthright dimensions, shape and properties negegsathe
product or component to demonstrate its requireattfan at the lowest cost. Selecting the best natéar a
particular component involves more than selectinghaterial that has properties to provide the nesgss
performance in service; it is also connected whii processing of the material into the finished.pamoorly
chosen material can contribute to the manufacturog of a part and increase its price. Also, ttoperties of
the material can be changed by processing (beall§icbr detrimentally), and that may affect the vées
performance of the component.

To choose the appropriate material for a specificgss, the designer should be familiar with aofanaterials
to avoid confinement of some particular materidlse designer also utilizes new materials and ps&Ese$0
enable innovation in design. The engineer imprgwexiuct performance and eliminates material oriserv
failure. Moreover, the designer solves processiffgcdlties and takes advantage of new processaofiques,
reduces material and production costs, and antespa exploits a change in the availability of enetl.

The choice of a material is frequently the restiseveral compromises. For example, the technjgatasal of
an alloy will generally be a compromise betweenrasion resistance and several other properties asch
strength and weldability. The objective of any mialeselection procedure is to identify appropriatdection
criteria or material properties that may be assediavith the design product or component. It isnavn fact
that the performance of an engineering componethimised by the properties of the material for whiit is
made, and by the shapes to which this materialbeaformed. Thus, an attempt to identify these Gatéhat
influences material selection for a given engimggdesign need to be considered so as to eliminateitable
alternative, and to select the most suitable aitere using simple and logical methods such asiroriteria
methods (Rao and Patel 2012).

2. Multi-Criteria Decision-making

In the Multi-criteria material selection problenggign situations exist where all these criteria rhaye to be
satisfied simultaneously. Methods of solving thegke criteria version have been in existence. Tdmeybased
mostly on experience; searching Engineering Hankiband Material Databases as well as the use dfciat
Intelligence (Ermolaeva et al. 2002, Roth et aB4)9 Unfortunately, these approaches are grossigaquate
for handling the multi-criteria version for obviousasons (Savic 2002; Wu et al. 2010). A solutiageld on a
single criterion may provide worst solution valwe bther criteria. For instance, the selection ataral with
minimum density may not provide for the desiredgtmess and insulation; another with maximum elegkri
conductivity may not provide for the ultimate stgém and cost requirements. In one design situaseweral
combinations of these opposed requirements whistiereone-criterion solution approach unsuitable edse.
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The use of multi-criteria decision-making in maaérselection evaluation enable decision maker foress
his/her point of view without fear and intimidatiam decision making process. Though, selecting auditrary
weights can be very inefficient and awkward. Thasponsible for decision makers to assign diffevesight
values on each criterion. This leads to conflictd enake weights determination time consuming arstlycor he
main objective of this paper is to present a denishaking method that can select an appropriatenmaator
any engineering. And for the purpose of this pregomethod and some decision-making approachesriarit
weights determination is an important factor thdtuences the selection process, as alternatieselected
based on the criteria weights and several critanider consideration. So, for this study, criter&ghts based on
team-compromised approach will be adopted.

The criteria weights determination could be clasdifinto two aspects namely: objective and subijecti
approach. In the case of objective approach, @it@reights determination is evaluated by means of
mathematical models from information provided icleariterion (Aldian and Taylor, 2005). While inetltase

of subjective approach, criteria weights is deteedi based on the subjective judgment of the decisiaker
acting independently. It is usually causes cordlicttween decision makers as a result of theierdiffces in
judging the problem under consideration. In thisegacriteria weights are computed using a compranis
weighting method in order to take into accountstbjective and objective weights approaches.

Notice that there are two conflict situations likéb arise from applying the single criterion aprb to solving
the Multi-criteria material selection problem. Bopinoblems may be resolved only by constructing aleho
which can rationally forge acceptable compromisesaineliorate these criteria-based conflicts withll-we
informed individuals’ preferences taken only as plothputs. The adoption of weighted-sum method for
multiple criteria material selection using team-goamise instrument as a means of defining ther@itgeights
associated with the product design is the mainsthwfithis study.

Most real-life decision-making problems are mubjextive by nature, this means that decisions aaglem
according to multiple and conflicting criteria, dlict arising from the design team in making chaicsuch that
each member of the team of designers may havefer@nee for some criteria. For instance, usingpitieciple
of design for assembly, design for manufactureigte®r safety, design for cost and so forth, wheverybody
wants its point of view. The mechanical engineer, ihstance, may prefer mechanical properties &tain
product/component are not compromised; Electricajireeer, electrical properties; Safety Engineefetga
related properties; Manufacturing engineer, manufaty requirements; Cost engineer, cost requirédspeven
the Customer is interested in one property or thergetc. Consequently, there is no unique optsualtion but
rather a set of incomparable alternatives beingpcomised. In concurrent engineering environmeramenf
designers works together, and sometimes, whenbigegtoup of people comes together because ofahsign
for design in a team approach, wants his/her inpute heard, as such, there is always a conflistngr in
specifying which material property or criteria isoma important in the decision process. To elimirihese
conflicts, thus the introduction of the team-compiged instrument, an approach that depends onallbes and
judgments of individuals and groups such that cosisg is reached.

3. Formulation of the Weighted-sum M ethod

The weighted-sum method involves selecting scakighis W, and optimizing an objective function with non-
negative weightings W, = 0,k =1,n). The weighting method consists of solving a segeeof scalar
problems where the objective is defined by a line@mbination of all objective functions (Zhang avidng
2001).

Let fj be the objective function expressing the behavafumaterial property j with respect to some known
guantities. For a particular material selectiomuatibn, j = 1, 2, 3, . . ., N representing n diffetr types of
mechanical, electrical, chemical, thermal, econpmianufacturing, magnetic, etc. properties. In pitdeselect
materials which simultaneously combine the beghefrequirements of each property, Etbe an expression
for a performance index combining the sehabjective functions into a single function as dels:

F, :lglfl(xil)+ﬁ2f2(xi2)+ e '+'Bj fi(xii)+ o '+’8” f”(xi”) @)
where

{,Bi lj= 12,3,...,n}; set of normalizing factors which allows dimensiboonsistency in expression (1).
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X ! the value of materidlfor propertyj
Usually, one normalizes measurements so as torgredative deviation between

0 and 1. Normalization aims at transferring dimensnto dimensionless quantity by providing a cdasable
format for combining set of objective functionsadns single entity. Normally, in multi-criteria optization
problems, there are two major normalization funwdio These include linear normalization and vector
normalization.

In the case of linear normalization, the maximuniugaof a certain criterion j is defined, such thhe
normalized valuepij for beneficial criteria and non-beneficial crite(cost attribute) are evaluated.

For beneficial criteria (maximum value more prefdea

Py = rlrllax (2)

pijc =1-— 3)

Where X ™is the maximum value of criterign
pijb is the values of the beneficial criterion of ati@tivei
pijC is the values of the non-beneficial criterion bémativei
And 0< p,” <1; 0< p,“<1
However, equation (2) and (3) can be modified ghelhthe normalized valuq&)ij can be defined as:

For beneficial criteria

P = B B N (4)

p, = — (5)
The scale of measurement of equation (3) and @@warecisely from 0 to 1 for each criteria. Thﬂspij =0,

it represents the worst outcome of a certain éoiterand if p; = 1, it represents the best outcome of criteria j.

In the case of the vector normalization, the vabfieeach criterion is divided by its norm such tliae
normalized valuep;; is expressed as:

ST ©)

Where n is the total number of criteria aﬁq is the normalized value

Normally, using the weighted sum method to solvaudti-criteria optimisation problem entails selectiscalar
weights W, and in this case, vector normalization functionatdopted and the criteria weights is will be

determined using the team-compromise instrumermnoagp (see equation (6)).

Therefore, the normalization factéﬁj /)= 12,3,...,n} is defined as:
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X;

E;

where X;j is the value of materidlfor propertyj

18]: l’=1)2)---|m; j=1|2|3|---)n (7)

Thus, the set of n objective functions in equa{@nbecomes:
n
FOO=D B (%); i=12...,m j=12...,n (8)
j=1

Then substitute equation (7) into (8), and intradagteria Weighth , we have

X;;
FO9=2 W —— ©)

Hence, the weighted-sum problem can be solved bisnging the following functions:

n X.
Max F (x) =) w, —— (10)
j=1 o 2

Subjectto: L < f,(x;) U,

Where Lij . lower limit value of material for property j

Ui]. . upper limit value of materidlfor property j

But W, is the weight assigned to criteria j by adoptiegm-compromised instrument. The team-compromised

instrument is a team approach to design wherelfgrdiit professionals and experts in design in i tegreeing
on contentious design issues to compute consermguasvfor a set of criteria weights that is dewmidonflicts
among the team members Odu and Charles-Owaba (a6d®an be summarized as follows:

The team membeir to criterionj ranked the criteria and is denoted¢g and the associated scoF%;<j is

computed given by the following expression:
Rkj =N—I/Jkj +1 (11)

Where N is the maximum possible score on any aiteand lrepresent the minimum by an individualeh
using ordinal ranking taking®12" 39 4" etc., without ties expression (11) signifies ttre higher the rank,
the higher the score. Let assume that Z be the stzem Since every member has to rank every aiteusing

the rank indicatorl[/kj ) without ties, the total score of criterionT(Cj) by all Z members of the team is given

by the expression:
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Z
TC, =) R, (12)
k=1

The team preference index of criterionvjl,j , will be a function ofTCJ- which bring about the desirable

properties of/vj , and can be expressed as:

W, == (13)
DIDILTEDIPI
k=1 j=1 k=1 j=1
where
Z N
D DR = ZN(N+1)2 (14)
k=1 j=1

Equation (9) can be re-written by substituting (10)

SR,

w,o=— (15)
ZN(N+1)/2
In terms of the ranking variabl@//kj ) in expression (11),
z
> (N-g; +1)
W, = (16)
ZN(N+1)/2

3.1 Solution Procedurefor Solving the Weighted-sum method
To solve the weighted-sum problem, the followingpst needs to be followed:

STEP 1: Normalize the objectives. For; to reflect the relative importance of the critefimctions, all
functions must have the same unit length of vedtmilitating inter-attribute comparisons, it iscessary to
normalize the objectives, in order to convert dljeatives into the same dimensions or dimensioriedsre
combining it into one, so that all the functionsidae uniform as a result of different dimensiortsirieing
transformed into dimensionless quantities. Alsovakies of different functions or the coefficienfsthe terms
in the functions may have different order of maigyé.

STEP 2: Convert the minimizing objectivé, (X; ) to maximizing objective by multiplying it by mineme.
STEP 3: Aggregate the objective functions intorglg function as shown in equation (10)
STEP 4: Solve the resulting model using the appatgsoftware or algorithm.

STEP 5: Rank the alternative materials.
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4. Numerical Example

This section looks at two examples material sadectf a given engineering applications used todeddi the
proposed approach and find the most appropriateriaht These two examples are: (i) Material setecfior
Bicycle frame and (ii) Material selection for cgthones cases. Designers or the team members needs
information guiding the properties/criteria rankirgyocess in order to examine the product/components
descriptions in terms of the functions, and otledgwant properties and then apply their wealthxpleeience and
technical know-how to rank each criterion. With théormation provided, each team member should &ble
state the relative rank of each criterion in tewhsheir importance as eithef*br 2%, 39, 4" etc., reflecting
their most preferred, second important, third int@ot, fourth most important, without allowing tibetween
any pair of criteria. The ranks are then convettescores using the model (team-compromised ingntinsuch
that the criterion with the highest rank receivaghlst possible score, say N; second positionrmitescores N-

1; third position, N-2; fourth position, N-3; efdote that the criterion which receives high or Iseore depends

on the judgment of the individual.

Example 1: Bicycle Frame materials

Bicycle frame is the most important component bfaycle design. The design of an upright bicyclpeteds on
the safety and the material used in the frame.iBlessaterials are screened and are limited to fategories;
these are steel, aluminium, titanium alloy (ASTMdg1), and carbon fibre. The performance critenidicycle
frame have broad range of mechanical propertiekiditg the manufacturability and cost requiremeass
shown in Table 1. As mentioned earlier, there sdn® give detail information regarding the desawip of the
Bicycle frame materials

These materials mentioned above have differentachernistics with their advantages and limitatiomgerms of
bike frame design as described below:

(v)  Steel: Steel materials are known for high qualitgtrength with good durability and strong impact
resistant. They are relatively easy and cheappairevhen damaged. Though the materials and matowiiag
cost of steel bike frame are somehow low, but baseslimitations that may hinder its selection sash
heaviest metal among the four materials for comatn, also has the tendency to rust and may need
occasional re-sprays from time to time. Moreovee, lbtike frame is made of steel tubing that is roandl
therefore has no aero profiling.

(vi)  Aluminium which is regarded as a super light-weigith excellent power transfer. It is a tough
material and fairly cheap manufacturing costs aspared to others. One of the disadvantages of alumi
made of bike frame is the fact that the materiadies over time, another is that it is hard to nepad can
corrode easily when exposed to the atmosphere.

(vii)  Titanium is another possible material that can ssdufor bike frame design, it has a very high sfiten
to weight ratio and they are rustproof. It is foundcompete with steel in terms of ride quality aesistance
to metal fatigue. However, titanium materials azedito repair and have high cost of materials. Aune to its
light weight frames, more powerful riders mightdiit too flexible making it to wobbles when desciagd
with high speed.

(viii)  Carbon fibre which is known to have high strengthveight ratio giving rise to the lightest bikerfra
available. It can be moulded into any shape wittel&nt resistance to fatigue and corrosion resistaaking
aerodynamic design possible. Some of the limitatioihbike frame made with carbon fibre have to dtbh w
high cost of raw materials, difficulty to repairdamaged, and tendency to break suddenly withdaoit pr
warning especially when weakened.
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Table 1: Material property for Bicycle frame

Criteria/Property

Alternative Density Tensile Elongation Young's  Thermal Melting Cost
Material (Kg/m®) yield (%) Modulus  conductivity point ($/kg)

strength (GPa) (W/m/K) °c)

(MPa)
Aluminium 6061-T6 2700 276 12 68.9 167 588 2
AISI 1006 Steel 7872 340 20 210 65.2 1315 0.5
Titanium Alloy 4510 310 24 105 16 1670 15
ASTM grade 1
Carbon fibre 1800 2537 25 230 165 3652 18

Table2: Material Criteriatype and criteria weight for Bicycle frame

Criteria Criteriatype Criteria weight
(%)

Density Non-beneficial 19.29

(Kg/m?°)

Tensile yield strength Beneficial 23.57

(MPa)

Elongation Beneficial 13.75

(%)

Young's Modulus Beneficial 12.14

(GPa)

Thermal conductivity Beneficial 14.29

(w/m/K

Melting point Non-beneficial 6.25

(C)

Cost Non-beneficial 10.71

($/kg)

Using equation (11), the criteria weights is deiead with the tensile yield strength as the mogpanant
criteria for the Bicycle frame design having thghest weight of 24 percent as shown in Table 2oviedd by
the density with 19 percent.

The rankings of alternatives materials for the bieyframe were evaluated based on the team-compeadmi
instrument in finding consensus weights for théecia. The performance index vaIuEi,(X) are computed for
different materials or alternatives using equatji@) by optimizing the objective function. In thisise, the
objective function in equation (10) is maximizethis shows that for non-beneficial criteria/atttibsi that need
to be minimized (the smaller value more preferabl#)be converted to maximizing objective by mpltiing it
by minus one. The computed values of the performamiex and ranks are given in Table 3.
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Table 3: Performance index of the bicycle frame materials

Material Performance index Rank
1

Aluminium 6061-T6 0.8500 1

AISI 1006 Steel 0.4729 ]

Titanium Alloy

ASTM grade 1 0.2844 ¥

Carbon fibre 0.6054 L)

From the results given in Table 3, it clearly shdhat the usage of subjective weights and objectieights by
adopting team-compromised instrument has leadsatemal ranking of Aluminium 6061-T6 as the firstoice
for the bicycle frame with the highest index vatfe).85.

Example 2: Material selection for cell phone cases

Cell phone cases provide the necessary protectioichwhelps in preserving the phones appearanceewhil
minimizing the wear and tear. There are a variétnaterials used for cell phone cases; these atal meood,
plastic, leather, carbon fiber and silicone. Foistnasers, the choice of material is largely inficeh by factors
such as: appearance, environment, customizatise, @fause, budget, and protection from impact @natshes.
Using qualitative analysis on the cell phones casiaria to seek precise measurement in numeficat such

as 5 for excellent; 4 for very good; 3 for goodpe fair; 1 for poor and 0.5 for very poor as showrirable 2
with the following information on the phone casetenials:

(vii) Plastic cell phone cases: The plastic cell phose oaaterials are classified into two major types:
polyurethane and polycarbonate. They are knowretméxpensive cell phone cases material that caimes
either soft or hard form. The Plastic cell phonegarial can be customized into many designs artdnpat
easy to recycle and molded into desired shapésdtadfers good protection and easy to holds diesiito a
pulse or pocket. However, plastic cell phone casasscheap look and requires cushion material for
sufficient protection.

(viii) Carbon fibre cell phone cases: The carbon fibexpensive material by weaving together strands of
carbon that is even stronger than steel. Thoudboediibre is known to have attractive appearancegaood
protection against impacts of light weight but hdanited pattern and colours.

(ix) Wood cell phone cases: The wooden cell phonesrnagegrial is easy to customized and engrave toueniq
designs. Typical woods mostly used are bamboo,treds/ood, and cherry, etc. However, the cell psone
cases from wood are easy to hold, unique and tatedout expensive to make and not readily avadail
stock. It also has limited protection against gregtact and falls.

(x) Metal cell phone cases: The metal cell phone dasels to be heavier than the other materials, hewyéive
metal case offer the best protection and can veitfts impact whenever it drops. In addition, it fias
distinctive look but sometimes difficult to holddaise it is slippery. It is expensive comparedtheio
materials and reflects radio waves which weakemptimne signal.

(xi) Leather cell phone cases: This type phone casesscomniorm of natural and synthetic leather materia
Though, the natural leather is more durable anérsoipin quality than the synthetic leather mateiide
leather phone cases are stylish in nature withityufakl but no much protection against falls oavier
impacts. They are waterproof, long-lasting buteatibo expensive to get.

(xii) Silicone cell phone cases: The silicone matesiahaéde from silicon and petroleum products. The cel
phone cases are flexible and capable of absorhanghocks during low-impacts drops making it diffico
break. The phone case texture is less slipperyasyg to handle. It is durable and inexpensive, lewat
comes in only one colour and not stylish compaceather materials.
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Table 3: Material property data for cell phone cases
Criteria that may influenced cell phone cases
Alternatives Protection  Appearance Customization Environment Cost Eass®f u
from impact
and scratches

Plastic cell phone 4 1 5 5 5 5

cases

Carbon fibre cell 5 5 2 3 1 4

phone cases

Wood cell phone 3 5 5 3 5 5

cases

Leather cell phone 2 5 4 5 2 4

cases

Metal cell phone 5 5 4 3 2 3

cases

Silicone cell 4 3 3 4 5 5

phone cases
Table 4: Material Criteriatype and criteriaweight for cell phone cases

Criteria Criteriatype Criteriaweight

(%)

Protection from impact and scratches Beneficial 20.71

Appearance Beneficial 21.19

Customization Beneficial 9.29

Environment Beneficial 15.48

Cost Non-beneficial 9.76

Ease of use Beneficial 23.57
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Table 5: Performance index of the cell phone cases materials

Material Performance index Rank
Plastic cell phone cases 1.4559 g
Carbon fibre cell phone cases 1.7685 2
Wood cell phone cases 1.5273 g
Leather cell phone cases 1.7640 g
Metal cell phone cases 1.7715 ¥
Silicone cell phone cases 1.3377 &

From the results shown in Table 5, it can be skanhdell phone cases made of metal is selectetieabest
choice having the highest performance index vafug.©715. The second and third preferred optiocaiton
fibre and leather cell phone cases with index valuke. 7685 and 1.7640 respectively. This resuleagiwith the
analysis carried out by the team-compromised instnt for determining the criteria weights in TaBllewhich

indicates that the ease of use of the phone asntw preferred criteria having the highest weighlug of

approximately 24 percent of the total weights,dekd by appearance and protection from impact aratches
with weights value of 21.19 and 20.7 percent rehpalg. This goes to show that from the above desion of

metal cell phone cases given earlier, that methpbene cases has strong affinity for the phoregasn terms
of handling and durability, excellent appearanace faas the best protection against impact and $@satc

5. Conclusion

The proposed method for material selection in piaiper has been shown to be appropriate tool waheam-
compromise approach such that it will help the sieci maker to arrive at a decision based on bot¢h th
subjective weights (individual team preference) abgective weights (mathematical model) of impocerof
the criteria. In addition, the methodology develdpn this paper can simultaneously consider anygbar of
quantitative and qualitative selection criterissaewn in numerical examples provided and this in till helps

to obtain the performance index in evaluating arking the alternatives materials for any givenieegring or
other selection problem.

References

Charles J. A. 1989The interaction of design, manufacturing method and material selection. B. F. Dyson, D. R.
Hayhurst. Eds. Materials and Engineering Desigmdam: The next decade.

Ermolaeva N. S., Kaveline K. G., Spoormaker J. 2002. Materials Selection Combined with Optimal
Structural Design: Concept and some resierials and Design 23: 459-470.

Gutteridge P.A, Waterman N.A. 1986. Computer-aidederials selection. In: Bever MB, editor. Ency@dia
of Material Science and Engineering. Oxford: Pergarress; p. 767 —770.

Haihong Huang, lei Zhang, Zhifeng Liu, John W., ieutand 2010. Multi-criteria decision making and
uncertainty analysis for materials selection inimmmentally conscious desighmternational Journal of
Advanced Manufacturing Technology DOI 10.1007/s00170-2745-9.

Odu G. O. (2017). Multi-criteria Optimization Modfelr Engineering Design Material Selectidrne Nigerian
Association of Mathematical Physics, 40 (1)

Odu G. O. and Charles-Owaba O.E. 2013. Review dfidriteria Optimization Methods — Theory and
Applications. IOSR Journal of Engineering, 3.10101 -

Odu G. O. and Charles-Owaba O.E. 200fe Development of Team-compromised InstrumenGiarup
Decision-making using Modified Nominal Group Tedjur. International Journal of Latest Research in
Engineering Technolog§tJLRET), 3.3: 35-46.

74



Industrial Engineering Letters www.iiste.org
ISSN 2224-6096 (Paper) ISSN 2225-0581 (online) ‘-'—.!r'
\ol.8, No.4, 2018 IIS E

Pugh S. 1991. Total design: Integrated methodsstmtessful product engineering. Wokingham, England.
Addison Wesley Limited.

Rao R. V., Patel B. K. 2011. Material Selectionigsa Novel Multiple Attribute Decision Making Metd.
International Journal of Manufacturing Materials and Mechanical Engineering 1.1: 43-56.

Roth, R.V., Field F., Clack J. 1994. Materials s8f; and mult-attribute utility analysidournal of Computer
Aided Material Design 1: 325-342.

Sapuan, S. M. 2001. A Knowledge-based system faenmaés selection in mechanical engineering design.
Journal of Materials and Design 22: 687-695.

Savic, D. 2002. Single-objective vs. Multi-obje&i®@ptimisation for integrated Decision Support,liiegrated
Assessment and Decision SuppadProceedings of the First Biennial Meeting of the International
Environmental Modeling and Software Society, Andrea, E. Rizzoli and Anthony J. Jakeman. EdsaSuM.

C. CSIRD Autralia.7-12.

Wu, W., Maier, H., and Simpson, A. 2010. Single-€bjve versus Multi-objective Optimisation of Water
Distribution Systems Accounting for Greenhouse Basssions by Carbon Pricingournal of Water
Resources Planning and Management 136.5: 555-565.

Zhang W., Yang H. 2001. A Study of the weightingtinoel for a certain type of multicriteria optimizati
problem. Computers and Structures 79:2741-2749.

Appendix A

Criteriaranking using ordinal scale for 20 team members (e.g., 1%, 2", 3", 4™ etc) for Bicycle frame
materials

Criteria
Tensile
Team yield Young Thermal Melting
members Density strength Elongation modulus conductivity  point Cost
K1 3rd 1st 4th 5th 2nd 6th 7th
K2 1st 2nd 6th 5th 7th 3rd 4th
K3 2nd 3rd 4th 1st 6th 5th 7th
K4 2nd 1st 5th 4th 3rd 7th 6th
K5 1st 2nd 6th 3rd 4th 7th 5th
K6 3rd 1st 2nd 4th 5th 6th 7th
K7 4th 1st 5th 2nd 3rd 7th 6th
K8 3rd 2nd 4th 6th 5th 7th 1st
K9 4th 1st 6th 5th 2nd 7th 3rd
K10 2nd 1st 3rd 7th 4th 6th 5th
K11 3rd 2nd 1st 7th 6th 5th 4th
K12 4th 1st 2nd 5th 3rd 6th 7th
K13 3rd 1st 5th 6th 4th 7th 2nd
K14 3rd 1st 5th 6th 4th 7th 2nd
K15 2nd 1st 5th 4th 3rd 7th 6th
K16 1st 2nd 6th 3rd 4th 7th 5th
K17 3rd 1st 5th 2nd 4th 7th 6th
K18 3rd 2nd 1st 7th 6th 5th 4th
K19 3rd 1st 4th 5th 2nd 6th 7th
K20 2nd 1st 4th 5th 3rd 7th 6th
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Appendix B

Criteriaranking converted to relative scor e (highest rank receives highest possible score) Bicycle frame
materials

Tensile Thermal
Team yield Elongatio Young conductivit Melting
members Density strength n modulus y point Cost
K1 5 7 4 3 6 2 1
K2 7 6 2 3 1 5 4
K3 6 5 4 7 2 3 1
K4 6 7 3 4 5 1 2
K5 7 6 2 5 4 1 3
K6 5 7 6 4 3 2 1
K7 4 7 3 6 5 1 2
K8 5 6 4 2 3 1 7
K9 4 7 2 3 6 1 5
K10 6 7 5 1 4 2 3
K11 5 6 7 1 2 3 4
K12 4 7 6 3 5 2 1
K13 5 7 3 2 4 1 6
K14 5 7 3 2 4 1 6
K15 6 7 3 4 5 1 2
K16 7 6 2 5 4 1 3
K17 5 7 3 6 4 1 2
K18 5 6 7 1 2 3 4
K19 5 7 4 3 6 2 1
K20 6 7 4 3 5 1 2
108 132 77 68 80 35 60
0.19286  0.23571 0.13750 0.12143 0.14286 0.06250 07Q4

% weight 19.29 23.57 13.75 12.14 14.29 6.25 10.71
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Appendix C
Criteriaranking using ordinal scale for 20 team members (e.g., 1%, 2™, 3", 4™ etc) for Cell phone cases
materials

Protection
Team from impact Appearance Customization Environment Cost Eass®f u
members and scratches

K1 4 2 5 6 3 1
K2 2 3 5 4 6 1
K3 4 2 5 3 6 1
K4 1 3 5 2 6 4
K5 4 3 6 2 5 1
K6 3 2 6 4 5 1
K7 4 1 5 3 6 2
K8 6 3 5 4 1 2
K9 1 3 6 4 5 2
K10 1 3 4 6 5 2
K11 4 3 6 1 5 2
K12 1 2 5 4 6 3
K13 2 3 6 4 5 1
K14 1 5 2 6 3 4
K15 4 3 5 1 6 2

K16 1 2 5 4 6 3

K17 3 1 4 5 6 2

K18 4 2 5 3 6 1

K19 2 1 5 4 6 3

K20 1 4 6 5 2 3
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Appendix D

Criteriaranking converted to relative scor e (highest rank receives highest possible score) phone cases
materials.

Protection
Team from impact Appearance Customization Environment Cost Eass®f u
members and scratches

K1 3 5 2 1 4 6
K2 5 4 2 3 1 6
K3 3 5 2 4 1 6
K4 6 4 2 5 1 3
K5 3 4 1 5 2 6
K6 4 5 1 3 2 6
K7 3 6 2 4 1 5
K8 1 4 2 3 6 5
K9 6 4 1 3 2 5
K10 6 4 3 1 2 5
K11 3 4 1 6 2 5
K12 6 5 2 3 1 4
K13 5 4 1 3 2 6
K14 6 2 5 1 4 3
K15 3 4 2 6 1 5
K16 6 5 2 3 1 4
K17 4 6 3 2 1 5
K18 3 5 2 4 1 6
K19 5 6 2 3 1 4
K20 6 3 1 2 5 4
87 89 39 65 41 99

0.20714286 0.2119048 0.0928571 0.1547619 0.097612350143

% weight 20.71 21.19 9.29 15.48 9.76 23.57
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