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ABSTRAK 

 

 

 

 Reka Bentuk Untuk Pembuatan dan Pemasangan (DFMA) adalah satu proses 

atau garis panduan yang dibangunkan bagi memastikan produk yang dicipta 

memudahkan dan teratur ketika dikilangkan kemudian dihimpunkan dengan 

seminimum penggunaan tenaga, masa, dan kos. Produk yang direka dengan 

menggunakan prinsip-prinsip DFMA sepatutnya mempunyai kualiti dan 

kebolehharapan yang lebih tinggi dari yang dibangunkan dengan menggunakan 

kaedah rekabentuk tradisional. DFMA juga memastikan bahawa peralihan dari fasa 

merekabentuk ke fasa pengeluaran berjalan dengan secepat dan selancar yang 

mungkin. Di dalam tesis ini, DFMA diaplikasikan pada Mesin Pemadam Kebakaran. 

Mesin Pemadam Kebakaran merupakan sebuah kenderaan yang digunakan untuk 

membantu ahli bomba memadam kebakaran. Bilangan bahagian di dalam mesin ini 

dikurangkan tetapi masih berfungsi seperti keadan asalnya. Dengan yang demikian, 

kos turut dapat dikurangkan. Semua proses DFMA diterangkan dengan terperinci 

dalam tesis ini. Perbandingan untuk megenalpasti bahagian mesin memadam 

kebakaran yang diubah dilakukan dengan menggunakan simulasi DFMA dan 

analisis DFMA secara manual. 
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ABSTRACT 

 

 

 

Design for Manufacturing and Assembly (DFMA) is a set of product evaluation tool 

developed to ensure that a product is designed so that it can be easily and efficiently 

manufactured and assembled with a minimum effort, time, and cost. Products 

designed using DFMA principles should have higher quality and reliability than 

those developed using traditional design methods. DFMA also ensures that the 

transition from the design phase to the production phase is as smooth and rapid as 

possible. In this project, DFMA is applied to Fire Fighting Machine. Fire Fighting 

Machine is a vehicle that used to help fireman to extinguish the fire. The numbers of 

part in this machine are reduced but the function is still the same as before 

improvement, thus the cost of this machine decreases. In this project, all the process 

of DFMA clearly stated. The comparisons to verify the part changed on fire fighting 

machine were made between DFMA simulation and by manual DFMA analysis. 
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CHAPTER 1 

 

 

 

INTRODUCTION 

 

 

 

 Design for Manufacture (DFM) is a systematic approach that allows engineers to 

anticipate manufacturing costs early in the design process, even when only rough 

geometries are available on the product being developed. Design for Manufacture 

provides guidance in the selection of materials and processes and generates piece part and 

tooling cost estimates at any stage of product design. DFM is a critical component of the 

DFMA process that provides manufacturing knowledge into the cost reduction analysis 

of Design for Assembly. 

 

 Meanwhile Design for Assembly (DFA) is a methodology for evaluating part 

designs and the overall design of an assembly. It is a quantifiable way to identify 

unnecessary parts in an assembly and to determine assembly times and costs. Using DFA 

software, product engineers assess the cost contribution of each part and then simplify the 

product concept through part reduction strategies. These strategies involve incorporating 

as many features into one part as is economically feasible. The outcome of a DFA-based 

design is a more elegant product with fewer parts that is both functionally efficient and 

easy to assemble. The larger benefits of a DFA-based design are reduced part costs, 

improved quality and reliability, and shorter development cycles. Thus Design for 

Manufacture and Assembly (DFMA) is a combination of DFA and DFM. 
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1.1  PROBLEM STATEMENT 

 

Most of the job of the fireman are exposed to danger and can sacrifice their own 

life. The fireman needs to fast response to the situation without danger they own life. 

Therefore Fire Fighting machine have been develop at certain country to encounter this 

problem. In future, this machine may develop in large quantity. It may take a lot cost and 

time causes by certain complex part in that machine. Current number of part in this 

machine 61parts (part that same shape and dimension is classified as one part), so that the 

number of parts need to reduced. Here DFMA method will apply to this machine to 

encounter this problem. So by the reducing the number of part, it will easier during the 

manufactured.  

 

 

1.2  OBJECTIVE 

 

The objectives for the project are: 

 

 To improve current design of fire fighting machine utilizing DFMA approach 

 To reduce overall cost of fire fighting machine through design improvement 

 

 

1.3 SCOPE 

 

 There are several scopes for this project which is: 

 

 To conduct literature review of Fire Fighting technology and DFMA application. 

 To apply Design for Assembly (DFA) and Design for Manufacturing (DFM) 

methodologies on Fire Fighting Machine.  

 To analyze and compare result before design improvement and after design 

improvement.  
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CHAPTER 2 

 

 

 

LITERATURE REVIEW 

 

 

2.1 Introduction  

 

In the 1960‟s and 70‟s, various rules and recommendation were proposed in order 

to help designer consider assembly problems during the design process. Many of these 

rules and recommendations were presented together with practical examples showing 

how assembly difficult could be improved. However, it was not until the 1970‟s that 

numerical evaluation method were developed to allow design for assembly studies to be 

carried out on existing and proposed design. 

 

The first evaluation method was developed at Hitachi and was called the 

Assembly Method (AEM). This method is based on the principal of “one motion for one 

part.” For more complicated motions, a point-loss standard is used and the ease of 

assembly of the whole product is evaluated by subtracting points lost. The method was 

originally developed in order to rate assemblies for ease of automatic assembly. 

 

 Starting in 1977, Geoff Boothyord, supported by NSF grant at the University of 

Massachusetts, developed the design for Assembly (DFA) method. It is based on timing 

each of the handling and insertion motion which could be used to estimate the time for 

manual assembly of a product and the cost of assembling the product on an automatic 

assembly machine. Recognizing that the most important factor in reducing assembly 

costs were the minimization of the number of separate parts in a product, he introduced 
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simple criteria which could be used to determine theoretically whether any of the parts in 

the product could be eliminated or combined with other parts. Then Lucas DFA method 

have been establish by the cooperation of Lucas Organization and the University of Hull 

in United Kingdom. Unlike the Boothroyd Dewhurst method, the Lucas method is based 

on a “point scale” which gives a relative measure of assembly difficulty. Lucas DFA 

method definitely based on the parts count analysis stage with is known as terms 

“functional analysis”. 

 

 Starting in 1981, Geoffrey Boothroyd and Peter Dewhurst developed a 

computerized version of the DFMA method which allowed its implementation in a broad 

range of companies. For this work they were presented with many awards including the 

National Medal of Technology. [6] 

 

 

2.2 Assembly Evaluation Method (AEM) 

 

 The Assimilability Evaluation Method (AEM) is developing by Hitachi as a result 

of trying to develop an automatic assembly system for tape recorder mechanism. After 

years of improvement, Miyakawa (1990) presented the „new‟ Assembly Evaluation 

Method from Hitachi. The improvements were e.g. the improvement assembly cost 

estimate accuracy for individual parts. This methodic formally known as Hitachi‟s AEM. 

  

 The method does not distinguish manual, automatic or robotic assembly. The 

reasons are the method is most beneficial when used in early conceptual stage and the 

manufacturing methods not decide yet. 

  

 The method improve design by identify “weakness” in early design process using 

two indicator. An assemblality index is calculated by summarizing the scores for all 

parts. [6] 
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 The indicators used in AEM for product evaluation are: 

i. Assembly evaluation score, “E”. 

 Asses the design by determine difficulties of assembly operation or 

design quality. 

ii. Estimate assembly cost ratio, “K”. 

 Used as relative index that compared the redesign to the estimated 

assembly cost of original design. 

 

 

 

Figure 2.1: The Hitachi‟s AEM procedure 

(Source: http://www.ami.ac.uk/ami4813_dfx/u03/s01/index.asp) 

 

2.2.1  The Evaluation Procedure 

 

The Hitachi AEM procedures are as per following sequence: 

i. The analysis start by determine and categorized the assembly task 

sequence according by standard operation, that approximately 20 standard 

assembly task. 

ii. All the parts tasks are receiving the penalty score, which subjects to 

difficulty of the assembly. The ideal operations are rewarded 100 points, 

http://www.ami.ac.uk/ami4813_dfx/u03/s01/index.asp
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which receive zero on penalty score. The score of 100 points represents the 

assembled with only downward motions. 

iii. All score for the parts will summarize, then modify it by attach 

coefficients and subtracted from the best score. 

iv. The totals then divided by the total number of parts. This may be able to 

consider a measure of design efficiency where a score of 100 would represent 

a perfect design. 

v. Then the cost ratio, k is estimated continuously by compared to current 

assembly cost ratio with new design. 

vi. Hitachi consider that an overall score E of 80 and higher is acceptable 

and overall assembly cost ratio K of 0.7 or greater is acceptable. [6] 
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2.2.2  The Hitachi’s AEM Method Example 

 

  The following Figure 2.2 is the example of assimilability evaluation and 

improvement of part.  

 

 

Figure 2.2: Assemblability evaluation and improvements 

(Source: Redford Alan, J. Chal, 1994) 

 

   As illustrated in figure 2.2, the structure 1 shows an assembly task of the current 

design. The assembly evaluation score is 73, after sum of part score and divided by 

number of operation, 3. The result in product assemblability evaluation score is 73 is 

below than acceptable score of 80. The improvement designs shown in structure 2, which 

improvement on part by remove the holding. It must spot-facing the chassis down. This 

gives assemblability evaluation score, E as 88; the assembly cost ratio, K as 0.8 the 

structure 3, the bolt is removed and block attached to chassis by using press fit. The 

assemblability evaluation score, E is 89; the assembly cost ratio is 0.5. The significant 

improved of the of the cost ratio because the reduced number of parts. [6] 
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2.3  The Lucas Method 

 

 The basic construction of Lucas DFA is very similar to the Design for Assembly 

(DFA) of Boothyord Dewhurst Inc. (BDI), it is the result of the cooperation of Lucas 

Organization and the University of Hull in U.K. Now, the logic of Lucas DFA has been 

integrated in the engineering analysis software “TeamSet”. Lucas DFA separates the 

product design process into three stages: FA (Function Analysis), HA (Handing Analysis) 

and FA (Fitting Analysis). The relations of these three stages are shown as Figure 2.3. 

 

 Before the manufacturing and assembly process, the PDS (Product Design 

Specification) occurs which change the requirements of the customs into engineering 

specifications. After that, the design engineers perform the design job according to this 

information. This is a kind of process to change the engineering specifications into the 

real design and meanwhile, all the requirements should be satisfied. The Function 

analysis in Lucas DFA theory is to separates all the parts of the product into the essential 

parts and the non essential parts that employs very similar adjustment standard used by 

DFA.  

  

Following the function analysis, comes the analysis of handing. Same as the function 

analysis, Lucas DFA separated the handing analysis into the automatic handing analysis 

and the manual analysis. During the fitting analysis, the sequence of parts assembly will 

be determined first, and then according to the assembly flow chat, analyze the gripping 

and the fitting process. After finishing the whole DFA analysis process mentioned above, 

the inadequate of the design will be highlighted, the revisal job occurs at this time. [10] 

  

 



9 

 

 

 

Figure 2.3: The Lucas DFA procedure 

(Source: Xiaofan Xie, 1995) 

 

 

 

2.4 The Boothroyd – Dewhurst Method 

 

 Boothyord Dewhurst method design for manufacture and assembly is the well-

known DFMA method that applicable for industry. The Boothyord-Dewhurst DFMA 

develops by Geoffrey Boothyord and Peter Dewhurst since 1982. The methods generally 

applied in industry particularly U.S industry. The methodology is well known for the 

industry especially US industry. The term “DFMA” is actually a trademark for 

Boothyord Dewhurst Inc. (BDI) the companies have created and develop the DFMA 

concept that used for their product development, the DFMA software system. 

   


	Untitled
	Untitled

