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ABTRACK 

 

Laporan ini merupakan kajian tentang Integrasi AHP dan MOORA dalam proses 

pemilihan mid-end Fused Deposition Modeling (FDM) mesin yang terbaik. Pemilihan untuk 

mid-end Fused Deposition Modeling (FDM) mesin yang terbaik berdasarkan spesifikasi yang 

dikehendaki agak meragukan dan sangat penting untuk membuat keputusan yang sesuai dengan 

pelbagai kriteria dan sifat-sifat. Sebuah mesin sesuai digunakan untuk proses Fused Deposition 

Modeling (FDM) boleh meningkatkan kecekapan mesin, prestasi, kualiti serta mengurangkan 

kos pengeluaran. Objektif utama projek ini adalah untuk menentukan mesin yang sesuai dengan 

mengenal pasti kriteria penting seperti yang dikehendaki menggunakan Integrasi AHP-MOORA 

sebagai rangka kerja pada pemilihan mid-end Fused Deposition Modeling (FDM) mesin. 

Pemilihan mesin adalah berdasarkan kepada spesifikasi yang sedia ada dan pengumpulan 

pangkalan data mengenai mid-end Fused Deposition Modeling (FDM) mesin di pasaran. 

Kriteria utama yang diperlukan untuk pemilihan mid-end Fused Deposition Modeling (FDM) 

mesin boleh diklasifikasikan kepada empat aspek seperti prestasi, kos, kualiti, dan kapasiti. 

Dalam aspek prestasi mesin, terdapat tiga sub-kriteria yang perlu dipertimbangkan seperti 

Kekuatan Tegangan (TS), Pemanjangan (E), dan Heat Pesongan Suhu (HDT). Sementara itu, 

Mesin Kos (MHC) dan Kos bahan (MC) adalah ketara sub-kriteria dalam aspek kos. Walau 

bagaimanapun, Print Parameter (PP) dan Membina Size (BS) adalah sub-kriteria yang 

mempengaruhi kualiti dan keupayaan masing-masing. mesin enam calon dipilih berdasarkan 

keperluan yang dinyatakan. Pertama sekali, AHP telah digunakan untuk menentukan berat 

kriteria pemilihan. MOORA telah digunakan untuk melaksanakan ranking alternatif. 

Penggunaan integrasi AHP-MOORA dibukti sangat berjaya dalam pelbagai kriteria membuat 

keputusan proses yang melibatkan banyak kriteria dan alternatif dalam pemilihan FDM 

pertengahan akhir. Kesimpulannya, mesin calon, Mesin 5, CubePro oleh pengeluar 3D Systems 

telah dipilih sebagai alternatif terbaik berdasarkan prestasi, kualiti, kos, dan perspektif kapasiti 

dengan menggunakan integrasi AHP-MOORA. 
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ABSTRACT 

 

 This report was study about integration of AHP and MOORA approach in selection of 

best mid-end Fused Deposition Modeling (FDM) machine. The selection for the best Fused 

Deposition Modeling (FDM) machine based on required specification can be very indecisive 

and very important to make an appropriate decision with variety of criteria and attributes. A 

suitable machine used for required Fused Deposition Modeling (FDM) process can enhance 

machine proficiency, performance, quality as well as reducing production cost.  The main 

objective of the project was to determine the suitable machine by identifying the important 

criteria as required using integrated AHP-MOORA as framework in mid-end FDM machine 

selection. The machine selection was based on the existing specifications and collection of 

database about mid-end FDM machines in the market. The main criteria that required for the 

mid-end Fused Deposition Modeling (FDM) machine selection could be classified into four 

aspects such as Performance, Cost, Quality, and Capacity. In the aspect of machine’s 

performance, there were three sub-criteria to be considered such as Tensile Strength (TS), 

Elongation (E), and Heat Deflection Temperature (HDT). Meanwhile, Machine Cost (MhC) and 

Material Cost (MC) were significant sub-criteria in the aspect of cost. However, Print Parameter 

(PP) and Build Size (BS) were sub-criteria affecting the quality and capacity respectively. Six 

candidates machine were selected based on the requirement mentioned. Firstly, AHP approach 

was used to determine the weight of the selection criteria. MOORA approach was then used to 

perform the ranking of alternatives. The integrated AHP-MOORA approach was proven very 

successful in multi-criteria decision-making processes which involved many criteria and 

alternatives in mid-end FDM selection. In conclusion, the candidate machines, Machine 5, 

CubePro by manufacturer 3D Systems was selected as the best alternative based on its 

performance, quality, cost, and capacity perspective by using integrated AHP-MOORA 

approach. 
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CHAPTER 1 

INTRODUCTION 
 

 

 

 This chapter includes the basic research background to determine a deep understanding 

about the problem of the issue. It will directly support the proposes and objectives in the entire 

research so that a clearer picture of the scopes be solidified.  

 

   

1.1 Project Background 

 

The specification of machine focuses on tightening printing quality due to high demand of 

3D printing necessity in rapid manufacturing industry. The suitable quality candidate machines 

will be selected based on their performance, cost, and capacity requirements to achieve expected 

quality 3D printed product. AHP is a useful and flexible decision-making process as it provides 

opportunity to select the best alternative of FDM machine by considering with multi attributes 

both in tangible (objective) as well as non-tangible (subjective) attribute measures. This paper 

proposes a unified and verifiable framework by which consumers can evaluate the different 

alternatives of FDM machine to meet the desired criteria. However, there are several examples 

of the implementation of a standard test part to compare the print quality among a pool of AM 

machines. Jayaram et al. (1994) printed a standard part to introduce a scientific procedure in the 

comparison of four different 3D printing platforms. A standard part to differentiate the print 

quality among four different polymeric-based AM platforms was used by Ghany and Mahesh et 

al. in the year 2004. According to Moustafa (2006), a standard part was applied to distinguish 
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the capability of four different laser-based metal powder bed fusion units. Moylan et al. (2012) 

as hallmarked the National Institute of Standards (NIST), a standard test part was used for the 

analysis of AM machines. An effective way to choose the suitable specifications for required 

quality and cost reduction is to tailor the best mid-end FDM machine based on features of 

respective machine in data base and manufacturer’s sources. 

 

An integrated Analytical Hierarchy Process (AHP) and Multiple Objective Optimization on 

the Basis of Ratio Analysis Method (MOORA) are the multiple-criteria decision making 

methods (MCDM) that can be applied in the machine selection decision making process of mid-

end FDM machine. The AHP approach is used to determine the weight of the selection criteria, 

while MOORA approach is used to perform the ranking task and it proposes the best solution 

among the candidate machines (Mansor et al., 2014b).  

Analytical Hierarchy Process (AHP) is developed by Saaty in 1980. The essence of the 

process is decomposition of a complex problem into a hierarchy with goal (objective) at the top 

of the hierarchy, criterions and sub-criterions at levels and sub-levels of the hierarchy, and 

decision alternatives at the bottom of the hierarchy. Elements at given hierarchy level are 

compared in pairs to assess their relative preference with respect to each of the elements at the 

next higher level. The verbal terms of the Saaty’s fundamental scale of 1–9 is used to assess the 

intensity of preference between two elements. The value of 1 indicates equal importance, 3 

moderately more, 5 strongly more, 7 very strongly and 9 indicates extremely more importance. 

The values of 2, 4, 6, and 8 are allotted to indicate compromise values of importance. Ratio scale 

and the use of verbal comparisons are used for weighting of quantifiable and non-quantifiable 

elements. The method computes and aggregates their eigenvectors until the composite final 

vector of weight coefficients for alternatives is obtained. The entries of final weight coefficients 

vector reflect the relative importance (value) of each alternative with respect to the goal stated 

at the top of hierarchy. A decision maker may use this vector due to his needs and interests. 

Multi-objective optimization is the process of simultaneously optimizing two or more 

conflicting criteria (objectives) subject to certain constraints (Brauers, 2004). In a real time, 

decision-making scenario, different decision makers with varying interests and values, make a 

decision-making process much more difficult. In a decision-making problem, the objectives 
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(criteria) must be measurable and their outcomes can be measured for every alternative 

candidate. Among the conflicting criteria (objectives), some are beneficial (where maximum 

values are desired) and some are non-beneficial (where minimum criteria values are always 

preferred). The multi-objective optimization on the basis of ratio analysis (MOORA) method 

(Brauers & Zavadskas, 2006; Chakraborty, 2011; Karande & Chakraborty, 2012) considers both 

beneficial and non-beneficial objectives (criteria) for ranking or selecting one or more 

alternatives from a set of available options.  

In this project, integrated of AHP and MOORA approach were used in the machine selection 

process of mid-end FDM machines under certain criteria and a wide range of alternatives. By 

combining both methods, a more efficient way in analyzing the decision structure as well as 

determining the criteria weight can be achieved especially in dealing with practical and 

theoretical problem.  
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1.2 Problem Statement 

 

The selection for the best Fused Deposition Modeling (FDM) machine based on required 

specification can be very indecisive and very important to make an appropriate decision with 

variety of criteria and attributes. A suitable machine used for required Fused Deposition 

Modeling (FDM) process can enhance machine proficiency, performance, quality as well as 

reducing production cost. An effective way to choose the suitable specifications for required 

quality and cost reduction is to tailor the best mid-end FDM machine based on features of 

respective machine in data base and manufacturer’s sources. Machine selection for the best mid-

end Fused Deposition Modeling (FDM) machine is a multiple criteria decision-making problem, 

priority in selecting criteria and candidates for machine selection of FDM are very important. 

The methodology used in machine selection must be able to solve the multiple- criteria decision 

making problem.  
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1.3 Objectives 

 
Main objective of the project was to determine the suitable machine as criteria required 

for mid-end FDM machines, to specify the objective was as follow: 

• To identify important criteria in mid-end FDM machine selection 

• To apply Integrated AHP-MOORA as framework in mid-end FDM machine 

selection  

 

 

1.4 Scopes of the Research 

 

The machine selection of mid-end machines for the Fused Deposition Modeling (FDM) 

process is based on existing specification provided by manufacturers. The specification of 

machine focuses on tightening printing quality due to high demand of 3D printing necessity in 

rapid manufacturing industry. The suitable quality candidate machines will be selected based on 

their performance, cost, and capacity requirements to achieve expected quality 3D printed 

product. AHP is a useful and flexible decision-making process as it provides opportunity to 

select the best alternative of FDM machine by considering with multi attributes both in tangible 

(objective) as well as non-tangible (subjective) attribute measures. Therefore, this project will 

focus on the application of integrated AHP- MOORA approach in multi-criteria decision-

making processes which involved many criteria and alternatives in the machine selection 

procedure.  
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CHAPTER 2 

LITERATURE REVIEW 
 

 

 

2.1 Overview 

 

This chapter studies the literature review about the integration of AHP-MOORA approach 

in mid-end Fused Deposition Modeling (FDM) machine selection. Secondary sources such 

as books, journals and online researches are used to get related information regarding the 

project. This chapter will provide detailed understanding about existing mid-end FDM 

machines used in rapid prototyping and their related machines’ specifications, as well as the 

method that is most appropriate for machine selection. 

 

 

2.2 Definition of Rapid Prototyping 

 

According to ASTM International  (2013), rapid prototyping or additive manufacturing (AM) 

is a technique of fusing materials to make objects from 3D Computer-Aided Design (CAD) data 

by layer upon layer, as opposed to subtractive manufacturing terminologies.  
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2.3 Introduction and History of Rapid Prototyping in Development 

 

Rapid prototyping was introduced in the year of 1984. This is a technique of fabricating 

models or parts as prototype in general. Usually it is making layer by layer to physical object in 

3D with CAD software. One of the earliest additive manufacturing (AM) processes is rapid 

prototyping. The advantages of this process are the time and cost reduction, lower the product 

development cycle, support better design complexities. However, at the mean time it is only be 

adopted by companies, professionals as well as public. With advancement of rapid prototyping, 

academicians can build and analyze models for theoretical comprehension and studies from 

CAD files rapidly. Medical professionals can build artificial organs to replace the damage one 

and plan better procedure in medical research and application, market researchers can foresee 

and predict the trend of new product in market. It makes convenient for users to demonstrate 

their talented innovations. 

 

In 1984, the applications and innovations on the inkjet concept is transformed to printing 

with materials. With more than 40 years, a variety of 3D printing technology have been invented 

in various industries. A brief history about the development of rapid prototyping is shown in the 

schematic timeline in Figure 2.1 (T.Rowe Price, 2012).  
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