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Abstract: Design for manufacturing and assembly is widely used in industry, especially in product design and development 

process in order to meet customer needs, companies are struggling with competitive markets to produce low cost products 

with high quality and faster to market. It becomes an important concept as the best time to find cost reductions, at design 

stage, rather than during manufacturing. This paper review focuses on the objectives, techniques and shows its significance 

through literature in manufacturing industry. Finally, the based on the outcomes of review general guidelines commonly 

used were included with solid conclusions were raised as the use of design for manufacturing and assembly principles 

yields significant savings in the products,  because 70-80% of the cost of the product is determined in the design phase. 

This paper summarizes findings based on comprehensive literature review of DFMA concepts and related tools. Overall 

goal with the paper is to aid designers, manufacturers, process planners in the practical industries on the ground and 

researchers in the mentioned area of study. 
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I. INTRODUCTION  

 

Nowadays, people are more demanding on something that 

simple and less costly in their daily requirement. In order 

to meet customer needs, more companies struggling with 

competitive markets to produce low cost products with 

high quality and faster to market. Many researches have 

been carried out that focusing on increasing the efficiency 

and simplify the operation especially both assembly and 

manufacturing process. Manufacturing is the process in 

which raw materials transformed in final product according 

to the specification. The specification should be attained 

for well manufactured products and according to design 

requirement. There are so many challenges in 

manufacturing process. Among the challenges are: - 

Attaining the desired specification, complex shape of 

products, huge number of components, and Assembly 

processes. Manufacturing complex shape objects and large 

number of parts leads to overall increase in manufacturing 

cost. Assembling final products also becomes time and 

energy consuming. 

 

Design for manufacturing (DFM) becomes important 

concept in developed countries like USA and China to 

reduce manufacturing costs. DFM is about considering at 

the best time to find cost reductions, then, is during the 

design stage, not during manufacturing. Moreover, this is 

accepted that over 70% of final product costs are 

determined during design stage which is shown in Figure 

blow. 

 
Figure 1. Influence of product design in the product development [1]. 

 

There are various design guidelines are available which has 

known as Design for X. The design guidelines itself 

propose usually an approach and corresponding methods 

that may help to generate and apply technical knowledge in 

order to control, improve, or even to invent particular 

characteristics of a product. X represents anything such as 

Design for Environment (DFE), Design for Sustainability 

(DFS), Design for Cleaning (DFC) and many more [2]. 

According to Bralla et al, the “X” represents any other 

factor referring as a problem to be solved, such as quality, 

production, maintenance, environment, ergonomic, etc.  

Also researchers sometimes call it, to support the designers 

and engineers to evaluate the impact of the suggested 

solutions is the DFX (Design for Excellence [3].  Among 

of them is DFMA becomes focus of this paper. 

 

DFMA split into DFM and DFA.DFMA is a method in a 

way to reduce part count, reduce assembly time or even 

http://www.isroset.org/
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during simplify the sub-assemblies [4]. DFA is the key to 

lower cost and improving reliability to reduce designs with 

fewer parts. DFM compares the use of selected materials 

and processes for the parts of an assembly, determines the 

cost of impact of the materials and manufacturing process 

and finds the most efficient use of the component design 

[3].  

 

Sandy Munro said “His Company’s DFMA approaches 

promotes a series of “good design principles” related to 

DFMA.1. Use team work 2. Minimize the number of parts, 

3. Design so the assembly can proceed layered fashion 

from above.4. Design mating parts that are easy to insert 

and align 5. Avoid expensive fastening operation, 6. 

Design out handling problems go for bulk storage, 7. 

Design for “poke yoke” or error proof Assembly, 8. Design 

the parts to affix themselves one to another, 9. Simplify 

servicing and packaging, 10. Eliminating adjustments and 

physical re-orientations [4]. 

 

II. OBJECTIVES 

 

The literature has shown that products can have a 

significant impact on individuals in developing countries. 

Some products designed for the developing world are not 

so successful. However, there are principles engineers can 

use to design more successful products for markets in 

developing countries. One major barrier to designing for 

the developing world is the conflicting objectives of 

performance and cost. There is a need to reduce the cost of 

products while maintaining product performance. DFM is 

about considering at the best time to find cost reductions, 

then, is during the design stage, not during manufacturing. 

So the objective of this paper is to show the significance of 

DFMA in manufacturing in reduction of cost without 

affecting quality of products. Therefore the following 

specific objectives are included to achieve the general 

objectives of the review article. 

 To introduce DFMA concept, techniques and 

Guidelines. 

 To show significance of DFMA in Manufacturing by 

surveying literature. 

 To come up with solid conclusion. 

 

III. TECHNIQUES TO IMPLEMENT DFMA 

 

The techniques developed by different scholars and at 

different time can be generalized as three means for 

implementing DFMA. The first is by following a general 

set of rules or guidelines. These are not quantitative and 

require someone to interpret and apply them in each 

individual cases. These general, qualitative DFMA 

guidelines are necessarily nonspecific, as they aim to 

encompass a diversity of products, processes and materials 

and some of the key DFMA issues are :- (I), For high 

volumes, consider castings or stampings to reduce 

machining effort. (II), Use near-net shapes for molded and 

forged parts to minimize machining effort. (III), Design for 

ease of fix Turing by providing rigid mounting surfaces 

and parallel clamping surfaces. (IV), Avoid thin walls and 

webs and deep pockets or holes so Parts can withstand 

clamping and machining without distortion. (V), Avoid 

tapers and contours as much as possible in favor of 

rectangular shapes. (VI), Avoid undercuts or other features 

which require special operations and/or tools. (VII), where 

possible, avoid hardened materials or materials that are 

difficult to machine, (VIII), Locate machined surfaces on 

the same plane or with the same diameter to minimize the 

number of operations. 

 

The second approach is devised by Boothroyd and 

Dewhurst, employs a quantitative evaluation of the design. 

Each part of the design is rated with a numerical value 

depending on its “assimilability”. The numbers are 

summed for the entire design and the resulting value is 

used as a guide to the overall design quality. The product is 

then redesigned using the numerical values. By 

concentrating on areas of the design that contribute heavily 

to the overall score, the effects of the redesign can be 

maximized. However, this again requires insight and 

knowledge on the part of the designer. 

 

The third and most recent development, is the automation 

of the entire process. Using computer software, 

quantitative analysis can be applied to the design. Then, by 

constructing an expert system employing the general 

design rules, a system can be developed that can first 

analyses a design and then optimize it by repeatedly 

applying the rules and evaluating the quality after each 

iteration. 

 

In addition to the methods of Boothroyd and Dewhurst, 

allied techniques have been developed by several other 

organizations, including Hitachi (AEM “assembly 

evaluation method”), Lucas (“Lucas DFA method”) and 

Fujitsu (PES “productivity evaluation system”). The main 

objective of the Hitachi AEM is to facilitate improvements 

by identifying design weaknesses at the earliest possible 

stage in the design process. This is achieved through the 

use of two indices: the “assimilability evaluation score 

ratio”, which is used to assess design quality by 

determining the difficulty of the assembly operations and 

the “assembly cost ratio”, used to project elements of the 

assembly cost. The Lucas method resulted from a 

collaboration with the University of Hull and differs from 

some other methods in that it does not use a cost analysis. 

It involves assigning and summing penalty factors 

associated with potential design problems, similar to the 

Hitachi method but with the inclusion of handling as well 

as insertion. Unlike other DFA methods, the Fujitsu PES 

approach is not a refinement procedure to be used after 

completion of the design but aims to create a detailed 

design that is easy to manufacture and assemble in the 

most cost-effective manner [5], [1-4]. 

 

IV. RESULTS AND DISCUSSION 

 

DFMA is a methodology that promotes concurrent product 

and process development to reduce the overall cost of a 

product or improve reliability without changing the 
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function of the product [6]. The use of DFMA principles 

yields significant savings in the product because 70-80% 

the cost of the product is determined in the design phase 

[4]. 

 

The DFM and DFA concepts are more important than ever 

in today’s highly competitive markets, particularly as an 

ever growing number of companies are outsourcing 

component manufacture and assembly to regions with low 

labor costs but often limited technical knowledge. Such 

companies often have little direct control over these 

processes and ensuring that the subcontractor can conduct 

them effectively is vital if products are to be manufactured 

on time and to the required quality and price [7]. 

 

Different researchers’ had worked on the application of 

DFMA on different parts, Simple to complex machine and 

showed the cost efficiency and as per set of goal to 

increase productivity, profitability and decrease wastages 

etc. Let’s see the literatures on DFMA to improve 

manufacturing activities i.e. to reduce the number of parts, 

cost, time required for manufacturing and Assembly and 

also energy required for the activity till it reach to 

customer. The three means of applying DFMA processes 

are developed. These techniques developed by different 

scholars and at different time. Selection of these techniques 

depends on effectiveness for the given issue, availability of 

the resource like software and others.   

 

DFMA plays great role in advanced manufacturing so that, 

in higher institute, it becomes topic of research on 

machines and systems. For example Michel and Tezera 

Wodajo worked on their master’s thesis in the Chalmers 

University of Technology, Sweden while analyzing 

flexible Assembly Methods and their Evaluation for the 

Construction of Bridges, the method chosen for scoring the 

assembly techniques was weight of components. The 

evaluation platform developed in the thesis work was a 

combination of the method underpinned by Harik and 

Sahmrani (2010) with evaluation criteria from DFMA and  

a different choice of assignment of weights. The method 

first identifies important criteria then assigns weights to the 

respective parameters as to portray their effect on a given 

assembly process or method [8].  

 

DFMA is applied to improve quality and attain optimized 

condition. In the Sao Paulo University, Brazil the 

application of DFMA on the aircraft design and 

Manufacturing is done. The manufacturing improvement 

and simplifying the assembly process become easier, the 

manufacturing of parts that will make the aircraft final 

assembly with low costs, high quality and the best 

optimized condition. A case study was showed the 

advantages and benefits achieved when the proposed tool 

is used [9]. Applying the DFMA on existing product and 

redesign improves the performance of the new product. 

Amy E. Wood (2014) [7] redesigned a pineapple juicer 

using the modified DFMA principles. In comparing the 

two designs, he concluded that the second juicer had 

better performance, easier to use and clean, less 

expensive to produce, and was significantly easier to 

manufacture because the modified DFMA principles. 

Among the mentioned DFMA techniques they used the 

quantitative or by giving weight for each constraints. 

Finally, evaluating the final result and come up decision 

[10]. 

 

Steven et.al showed that application DFMA methodologies 

in early stages of product design can reduce the number of 

parts in a product and thus reduce cost and time [4]. So, 

that cost reduction approach emphasized by scholars on 

manufacturing of parts and Assembly. Costs reduction in a 

diesel engine model manufacturing and assembly which 

was manufactured in an industry situated in Curitiba that 

intends to make this engine economically feasible. The 

results show an impact in the cost reduction of the 

subsystem chosen of 18% and in the entire engine of 7% 

[11].  

 

Table 1. Scoring matrix uses DFMA principles to evaluate final concepts [10]. 

 

DFMA works with CAE to obtain an advantageous and 

newfangled approach where its  combination with product 

architecture principles are complemented as a tool, in order 

to reduce the manufacturing costs, time to market and 

improve the design deliverables quality of a mechanical 

system. Lascano (2012) proposed contributions of DFMA 

to validate in applying on a rice husker design. The 

obtained results verify the importance of using these 

methodologies from early design phases and their high 

impact on committed costs. The achieved improvements, 

 Wei 

Ght 

Auger Press Mech. Roller Centr 

ifugal 

Wei 

Ght 

Auger Press Mech. Roller Centr 

ifugal 

Simplicity 1 2 4 3 2 1 5 10 20 15 10 5 

Light weight 1 1 2 3 1 1 3 3 6 9 3 3 

Compact 1 2 3 3 1 1 5 10 15 15 5 5 

Cost 1 2 3 3 2 2 9 18 27 27 18 18 

Force 1 5 4 3 5 5 7 35 28 21 35 35 

Safety 1 1 3 3 1 2 2 2 6 6 2 4 

Part off shelf 1 4 4 3 2 2 3 12 12 9 6 6 

Take risk 1 2 4 3 2 1 6 12 24 18 12 6 

Copycat 1 2 4 2 3 4 4 3 12 6 9 12 

Processing 1 5 3 3 4 2 9 45 27 27 36 18 

Sum  28 32 30 24 21  159 171 156 139 112 
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affected the overall embodiment costs. The costs were 

influenced in three aspects; the first was the raw material 

acquisition in which a reduction of 7% was reached. The 

second was a manufacturing cost reduction of 39%, while 

the third was the assembly cost reduction of 26% [12]. In 

the other case, researchers tried to integrate DFMA with 

rapid prototyping. Wankhadeal.et (2014) [13] used, DFMA 

concepts to produce alternative design ideas and the rapid 

prototyping process was used to develop a prototype for 

testing and validation of these alternative designs. 

Optimum design, low cost and good quality with quick 

delivery was the outcome of the research work while 

working on the redesign of flow control valve. 

 

Time required for assembling is estimated by DFA index 

equation.  DFA Index or assembly efficiency is given by 

the ratio of theoretical minimum assembly time to the 

actual assembly time 

DFA index (Ea.) = Nmin.ta/tma 

 

Nmin=Theoretical minimum number of parts. 

 

ta =The basic or average assembly time for one part equal to 

3 sec. 

tma =Estimated time to complete the assembly of the actual 

product. 

 

 
Figure 2: Flow control valve comparison before and after DFMA 

[13]. 

Table-2 A&B. Details of parts and Assembly time for existing 

design and modified Assembly time [13]. 

 

Table 2A: Details of parts and Assembly time for existing design 
Item No Theoretical 

Part count 

Assembly  

Time in, S 

Ball 1 1 3 

Body 1 1 9 

 Bonnet 1 1 8 

Steam 1 1 5 

Bracket 1 0 4 

Core and Handle 1 0 6 

Gland 1 0 5 

Seat 2 0 6 

Wecc. 602 2 0 8 

Valve Cover 1 0 3 

Stem Nut 1 0 5 

Key 1 0 3 

Handle 3 1 9 

Bearing 2 0 9 

Filler 2 0 6 

O-Ring 4 0 8 

Hex Socket flat 1 0 4 

Socket flat 1 0 4 

Stud 8 0 16 

Heavy hex nut 8 0 24 

Total 43 5 145 

DFA index = 5x3/145= 10.34% 
 

Table 2B: Details of parts and Assembly time for modified design 
Item Number Theoretical 

Part count 

Assembly  

Time in, S 

Casting  1 1 3 

Ball 1 1 5 

Sleeve 1 1 3 

Cover 1 1 9 

Stem 1 1 5 

Handle  1 1 4 

Total 6 6 29 

DFA index = 6x3/29 = 62.06 % 

 

Researchers were tried to implement DFMA in Companies 

as case study to improve product development cycle time 

of existing product and compare with the tradition design 

and manufacturing. In Malaysia Oil and Gas Company 

pressure vessel was selected as a case study. Information 

gathering such as design and component development time 

was analyzed and modelled to ensure the effect of 

implementation of this approach to product development 

cycle and design efficiencies and data collection were 

conducted by interview and observation. Finally, the 

existing design of the pressure vessel was modified by 

incorporating the DFMA requirements. The approach 

enables a shorter product development cycle time through 

reduction in manufacturing and assembly time. Apart from 

that, the overall cost of the pressure vessel was reduced. 

The implementation of this approach has improved the 

company’s performance and return of investment [14]. 

 

In another case DFMA Methodology application in the 

Steel Furniture Industry overview was investigated 

throughout various industries to reduce the overall costing 
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of a product, hence helping to improve the overall 

company productivity. Two case studies with respect to 

DFMA usage and its advantages are presented in the study. 

 

 From the case studies it was analyzed that for a folding 

chair the total number parts of the chair were reduced from 

9 to 3, with the help of DFMA software. By selection of 

proper materials and manufacturing processes along with 

optimized assembly helped to reduce the overall cost of the 

folding chair from Rs. 675 per product to Rs. 607. Then 

conducted on a bunker bed the total weight of the product 

was reduced from 867.13lb to 385.08 lb. Total number of 

parts of the new product was reduced from 29 to 9, and its 

total cost has reduced from Rs. 4530 to Rs. 3630 [15]. 

 

 
Figure 2A. Existing design of the folding chair& B. Re-designed 

model respectively [15]. 

 

 
Figure 2C. Bunk bed of Existing Model & D. Re-designed Model 

[15]. 

 

DFMA increases the productivity of the industries. 

Boothroyd (1994) claimed that DFMA can be the key to 

high productivity in all manufacturing industries 

comparing it with automation. He proposed a DFMA 

method for a motor-drive assembly as example, which is 

illustrated in Figure 4, to shorten the time to bring a 

product to market. In his method, the concept of DFA was 

first indicated in the concept design (CD) phase to ensure 

the best design concept for materials and processes. Then, 

the concept was evaluated to minimize the manufacturing 

costs. In his example, the number of motor screws was two 

before evaluation. It is reduced to zero after implementing 

the DFMA method. A total of three parts are eliminated 

from the original seven parts, which provides a 42% parts 

reduction with respective assembly time. Although DFMA 

will slightly increase the time in CD phase, considerable 

time savings would be achieved during preliminary design 

and detail design phases [16]. 

 

Figure 3. CD and DFMA, Source: Adapted from Boothroyd (1994) [16]. 

 

Sometimes the concept of concurrent engineering and 

DFMA looks like very close. But, they are different and 

strongly supporting each other. DFM is a set of methods 

and tools that support concurrent engineering and that can 

be understood as an analytical process structure of 

concurrent engineering tools that provide conditions to 

design a product regarding its manufacturability. Through 

the use of the DFM concepts, designers and engineers can 

attain main target: to satisfy the customer’s requirements in 

terms of functionality, performance, style and quality at 

low cost. The main proposal of concurrent engineering is 

to shorten a product development time through a 

simultaneous time implementation of the several stages of 

the engineering activity in parallel and under a concurrent 

mode offering all information required by all elements of 

the product life cycle [3]. 

 

a. Futures of DFMA software’s 

 

Considerable research and development in the area of 

product design for manufacture and DFMA has been 

carried out in the past 25 years. The underlying philosophy 
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of this work is the early design decisions on product 

configurations, together with the selections of materials 

and processes, lock in a large proportion of the subsequent 

manufacturing costs. The DFMA software is a 

combination of two complementary tools, DFM and DFA. 

The DFM cost program uses an extensive materials 

database that includes the materials related parameter for 

each process. This database also includes processing limits 

data that aid material and process selection by indicating 

combination suitability for a given part [17]. 

 

The DFMA software offers a huge savings in time and 

money. It will assist in the decision making process for a 

product design. Another interesting point, the user has the 

ability to generate several design options in order to do 

some comparison. This software also has one of the most 

extensive libraries for product’s materials, production 

processes, fasteners and additional production operations. 

It’s a great tool for forecasting and the input or parameter 

can be customized in order to fit an actual manufacturing 

enterprise [18]. In addition, helps users to estimate the 

fabrication and Assembly cost of the given components, 

alternative fabrication process coming up with cost 

effective. For examples in the University of Pannonia, 

Hungary researchers showed that DFM method allows the 

calculation of fabrication costs and selection of economical 

fabrication technology in the function of piece number. 

With the help of DFA method one could determine the 

fabrication costs in case of different fabrication ways. The 

combination of the two methods makes possible to 

estimate the costs of products and to rise competitiveness. 

They focused on separate case on mounting base and 

Geneva drive [17].  

 

Turret press working with bending, automatic sand 

moulded casting, Metal injection moulding and Welding. 

 

Figure. 4. A and B fromleft to right. The mounting base B. Total manufacturing costs vs. Life volume [17]. 

 

Figure 4B.Shows the arising of costs as function of 

numbers of pieces at different technologies. One can see 

that the mounting base could be produced the cheapest 

till1*10
7
 number of pieces with press working and 

bending. The comparison of the costs of the same part 

produced by the different technologies helps us to choose 

the cheapest technology as function of piece numbers in 

fabrication.  

 

 
Figure.5 Geneva Drive [17]. 

 

Design for Manufacturing analyses of the left side wheel of 

Geneva Drive mechanism in case of life volume with 10 

000. The parts could be made with different production 

technologies. It’s examined the changes of fabrication 

costs by fabrication technologies mentioned in figure 6: 

(a), Sheet metal laser cutting (b), Sheet metal plasma 

cutting (c), Compound die stamping 

 

a. General DFMA guidelines 

General guidelines for successful implementation of 

DFMA varies per organization, industry and product. 

However, the followings are guidelines generally provided 

to cost optimization [17]. (I), minimize the number of 

(different) parts in a product, (II), Use standard available 

components, (III), Design parts that can be used in multiple 

product lines, (IV), Design components that are simple to 

produce, (V), Minimize the number of flexible 

components, (VI), Design components that are 

multifunctional in a product, (VII), Design parts that 

cannot be assembled incorrectly, (VIII), Maximize 

symmetry of parts or design them deliberately 

asymmetrical, (IX), Ensure that parts align themselves for 

assembly, (X), Design products that fit in standard 

packaging and (XI), Design the product modular. 

 

The first design (figure 8a left) contains a lot of different 

parts, also many components can be mounted incorrectly. 



  World Academics Journal of Engineering Sciences                                                                         Vol.7, Issue.3, Sept 2020  

  © 2020, WAJES All Rights Reserved                                                                                                                                66 

After the implementation of DFMA guidelines the second 

design is developed (figure 8 right). This contains fewer 

parts and it is a lot easier to assemble.  

 

The first design (figure 8a left) contains a lot of different 

parts, also many components can be mounted incorrectly. 

After the implementation of DFMA guidelines the second 

design is developed (figure 8 right). This contains fewer 

parts and it is a lot easier to assemble.  

 

 

 

 

 
Figure: 6. Total manufacturing costs vs. Life volume b. The cost components in case of different die technologies [17]. 

 

 
Figure 7 (left) & (right) shows before and after DFMA applied respectively [18]. 

 

V. CONCLUSION  

 

As the cost of materials going up, the prices of home 

appliances, electronic products, automotive parts and 

others follow suit. This scenario put a significance amount 

of tense to the manufacturers and consumers. In order to 

cope with the increasing cost, manufacturers tend to use 

DFMA method to simplify the product design and save 

some costs. DFMA enables the customers to get the 

desired products with same functionality as the original 

ones but with a lower cost to produce. To fulfil these 

needs, focusing on assisting students in learning software 

used for performing DFMA analysis: since DFMA 

software are expensive some feature are added on available 

software’s like Solid works and Siemens packages. So, by 

using those opportunities applying on locally manufactured 
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products to reduce final price of products will be the 

assignment taken.  Then based on research results 

influencing local manufacturing industries to implement 

DFMA philosophy for low price product without losing 

required performance. 

 

DFMA is a good method to optimize a design for mass 

production at an early stage, so that the product can be 

efficiently and effectively be produced and assembled. 

Also for an existing product it may be worth to carry out a 

DFMA study to reduce costs and improve quality. DFMA 

tools are useful in reducing the time taken to evaluate 

designs and therefore it should be implemented as part of 

the design selection process.  
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