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ABSTRACT

The use of the analytical hierarchy process (AHPhie product development process was explored in
this paper. AHP is a decision-making method has bédely used for more than 20 years recently and i
has also been used in product development activiielated articles around the years 2002 to 2@t2 w
identified to review the implementation of the Aldiethodology in product development activities. The
use of AHP is not only limited to the AHP itselftlran be integrated with other design tools. Thiggp
shows the AHP applications and its integration liodpict development activities. The framework was
developed to describe the relationship AHP with thleer design tools in the product development
activities. Therefore, it may be used to help denisnakers to select the appropriate design todhén
area of product development which enhance the Apfiications in the product development activities.

Keywords: Analytical hierarchy process, Productedlepment activities, Product design specification
(PDS).

1. Introduction

Saaty (1980) developed AHP at the Wharton SchodBudiness, where according to Ho (2007) the
methodology of AHP was widely used by the decisiwkers to solve the problem on decision making in
the last 20 years. AHP had been used by the daaisakers in product development activities inclgdin
customer need identification, determining produetign specification (PDS) and design concept
selection. AHP is also can be integrated with othesign tools in product development activities, f
example design for environment (DFE), design fonuafacturing and assembly (DFMA), failure mode
element analysis (FMEA), quality function deployrhéQFD), etc.
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AHP allows the relationships of goal, objectivep sabjective and alternative show as a hierarchical
structure as depicted in Figure 1 in the decisiaking process. To achieve the goal in decision nggki
AHP is a compensatory methodology because it allobjective and sub objective to cooperate each
other. Beside, every performance of alternativeoimpensated because the lack of an alternativehwhic
not respect to one or more objective can compengtiaespect to another objective (Saaty, 1980).
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Figure 1. AHP hierarchy structure (Saaty, 1980).

2. AHP approach in Product development activities.

The applications of AHP in product development\dtitis are discussed in this paper as depicted in
Figure 3 and Table 1 to Table 6.

2.1 Theuseof AHP in customer needs identification

Form literature review, there are many papers hHmen discussed the use of AHPcirstomer needs
identification.Hsiao (2002) used the AHP approaches to identifgasuer needs by integrating with QFD,
FMEA and DFA in the development of new safe toyschiildren under the age of seven. Kwong and Bai
(2003) also combined the method of AHP and QFRi¢miify customer need. In addition, fuzzy methods
have been combined with the AHP method to imprineedfficiency in determining the weight of QFD
for the design of a new hair dryer. IntegratiorAéfP and fuzzy methods has also been performed by Li
et al. (2008). They have developed a frameworkstessiwith TOPSIS to determine the needs of
customers in the product development activitiespnsonal digital assistants (PDA). Same with Kwong
and Bai (2003), Felice and Petrillo (2010) alsothseintegrated AHP and QFD to determine the neéds
their customers in a case study. To demonstrataggpeoach, a case study of the production of cerami
materials has been illustrated. Table 1 shows pipeoaches of AHP in customer need identificatian fo
2002 until 2010. It shows the integration of AHRI&FD are the most commonly used in customer need
identification.
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Table 1. AHP to identify customer need.

No. Approaches Authors Y ear
1 QFD — FMEA — AHP — DFA Hsiao 2002
2 QFD- Fuzzy- AHP Kwong and B¢ 200¢
3 AHP - TOPSIS Lin et al 200¢
4 QFD — AHP Felice and Petrillo 2010

2.2 Theuseof AHP in Product Design Specification (PDS)

There are two of the requirements to be achieveddfntifying the product design specification (BDS
are manufacturing and performance safety as showigure 2 (Hurst, 1999) . Some application of AHP
in PDS as discussed as below:

PDS
[
[ |
Manufacturing Performanc
Process Ergonomic
Material Safety
Assembly

Figure 2. Product design specification (PDS) deter

2.2.1 Manufacturing Process Selection

Ravisankar et al. (2004) implemented AHP to selket best welding process the welding process to
fabricate butt joints of high strength aluminunoglAA 7075 grade. Computer aided integrated of QFD
and Fuzzy-AHP framework was developed by Nagahuimmmet al. (2007) for rapid tooling process
selection. The framework was developed using Visi# Window environment. Duran and Aquilo
(2008) proposed a Fuzzy-AHP based on software apprdrhey illustrated an example of CNC turning
center process selected to demonstrate the apprivaatdition, they proposed the approach of Matlab
7.0 software applications for calculation of fuzmymber due to a lot of time is needed for the datmn

to find the final solution. Hambali et al. (2009 plemented the AHP to assist decision makers trsel
the best manufacturing process for composite auigedumper beam. AHP concept was performed
through utilizing Expert Choice software to chodlse appropriate manufacturing process. Jafarian and
Ahdath (2011) used combined fuzzy AHP - TOPSISabmore appropriate and effective result to select
the best welding process for pressure vessel ptioducTable 2 shows the approaches of AHP in
manufacturing process selection from 2004 untill20t.shows the approach of fuzzy and the computer
aided tool was commonly integrated with AHP in nfaeturing process selection.
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Table 2. AHP in manufacturing process selection.

No. Approaches Authors Y ear

1 AHP Ravisankar et al. 2004

2 Fuzzy— AHP - Visual C++ Nagahunumaic et al 2007

3 Fuzzy— TOPSIS- Math Lab 7.1 Duran and Aquil 200¢

4 AHP — Expert Choice Hambali et al. 2009
5 Fuzzy — AHP — TOPSIS Jafarian — Vahdath 2011

2.2.2 Material Selection

Coa et al. (2006) developed the Integrated AHPgrag relation analysis (GRA) to supports the decisi
making in the material selection. This selectiomsato choose the best material for the electroeidog
housing. Dweiri and Al-Ogla (2006) performed the RAHnethod through Expert Choice software
application to determine the proper material foy keanufacturing. Comparison of QFD and AHP
approach in the selection of materials was don&layyas et al. (2011). Comparisons are made for the
selection of materials in vehicle structures fotoaotive body in white (BIW) panels. Rohith et al.
(2011) implemented AHP to select the best matdaalsolar flat plat collector manufacturing. They
perform the AHP without utilizing or integrating thvi any other design tool or computer aided
application. Table 3 shows the use of AHP in matesglection from 2006 until 2011. It shows the AHP
not only performed by itself, but also can be ins¢gd with others design tool for selection of @op
materials.

Table 3. AHP in Material selection.

No. Approaches Authors Y ear

1 AHP-GRA-DFE Cao et al. 2006
2 AHP - Expert Choic Dweiri and A-Oqle 2006

3 QFD — AHP Mayyas et al. 2011
4 AHP Rohith et al. 2011

2.2.3 Design for Assembly (DFA) and Design for manufacturing (DFM)

Koganti et al. (2007) proposed the application éfPAfor DFA in automotive component design and
present a case study involving car front end corapbdesign. Ong et al. (2003) and Liu et al. (2008)
proposed DFM evaluation system by formulating a eétfuzzy to make a connection on
manufacturability indice (MIS). Ong et al. (2003%ed this approach to casting manufacturablity
evaluation close tolerance air-cooling turbine bedwhile Liu et al. (2008) using this approach to
rotational part manufacturing.
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Table 4. AHP in DFA and DFM.

No. Approaches Authors Y ear
1 AHP-DFA Koganti et al. 2007
2 Fuzzy— AHP - DFM Oncet al. 200z
3 Fuzzy— AHP - DFM Liu etal. 200¢

2.2.3 Ergonomics and human safety

Zhao et al. (2010) and Xihui et al. (2010) using thHP method for the evaluation of ergonomics to
match human and machine interface. Zhao et al.0f20%ed the Delphi method and AHP together in
designing the interface in space and Xihui et20)10) used this method in the selection of the tesign

for a control panel. Chosen of safety devices fadpct development was influenced by many factors
including cost, effectiveness, reliability, risk méturalization and others (Caputo et al., 20%0gdds to
the contribution of the AHP method due to the mplaticriteria decision making on the installation of
safety device in machinery. Caputo et al. (2010eag that the AHP methodology can assist in the
selection of safety devices for industrial machindrhe approaches of AHP in Ergonomic and human
safety are illustrated in Table 5.

Table 5. AHP in Ergonomics and human safety.

No. Approaches Authors Y ear
1 Delphi — AHP Zhao et al. 2010
2 Fuzzy- AHP Xiu et al. 201
3 AHP Caputcet al. 2012

2.3 Design concept selection

Improper decision making at the early conceptuaigihestage would contribute the part to be redesign
or remanufacturing (Hambali et al., 2008). The as&HP in the conceptual design stage is shown in
Table 6. Boonkanit and Apikajornsin (2005) integchthe QFD, DFE and AHP methodology to select
the best design of printed. The concept generatiamted with Quality Function Development for
Environment (QFDE) to evaluate design requiremeoinfcustomer and after that DFE was used to
become the guideline to engineer for the greemtaolyy. Finally AHP was used to select an appro@ria
design. Hambali et al. (2008) used the AHP metlmodelect the best design of wheelchair from eight
design alternatives. The selection was performedsirtyg AHP without integrating with any other desig
tool. Hambali et al. (2009) proposed a conceptctiele model called concurrent design concept select
and material selection (CDSMS) at the conceptusigtlestage using AHP. It uses to select the proper
design concept and material for automotive compasimponent. Sarfanaz and Jenab (2012) proposed a
model based on Fuzzy Analytical Hierarchy ProcEsdHP).
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Table 6. AHP in Design concept selection.

No. Approaches Authors Y ear
1 QFD — DFE — AHP Boonkanit and Apikajornsin 2005
2 AHP Hambali et al 200¢
3 AHP - CDSMS Hambali et a 200¢
4 Fuzzy— AHP Sarfana and Jengz 201z

2.4 Application AHP in Product Development activities

Figure 3 shows the overall framework of AHP implemation in the product development activities. It
includes with three main areas in product develagnaetivities namely, customer need identification,
product design specification (PDS), and design ephselection. From PDS, it consists of five suknar
of product development activities including mantifising process, material, design for manufacturing
and assembly (DFMA), ergonomics and safety. Eaela qurovides the application from the product
development activities. Even though AHP can begiateed with other design tools but there is no
research carried out on the integrated AHP withféiilare mode effect critical analysis (FMECA)time
product design activities.

3. Conclusion

The application of AHP was discussed in this papkérshows that AHP can be integrated with other
design tools in product development activities sashthe design for environment (DFE), design for
manufacturing and assembly (DFMA), quality functaeployment (QFD), etc. The integrated AHP was
developed in the early stages of product developheeavoid loss of profit owing to remanufacturiog
redesign activities. From the literature revieverthis no integration between AHP and FMECA that ca
be proposed as one the decision making approable iproduct development activities.
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