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ABSTRACT
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Selecting optimal design concept from several design alternatives is still a major 
challenge for engineers in the field of engineering design and it is important to select the 
optimal design in order to avoid delay and unnecessary cost during project execution. 
This article presents the selection of optimal design of press brake considering several 
design requirements and features. The adoption of the fuzzy TOPSIS methodology 
considered various design features that are categorized into several sub-features and 
weighted considering the functional requirements from the optimal design. The 
cumulative Triangular Fuzzy Number (TFN) of the design alternatives from the sub-
features of all the design features are harnessed to develop a decision matrix from which 
the fuzzy positive and negative ideal solutions are obtained. The distances of the design 
alternatives to the fuzzy positive and negative ideal solutions are determined in order to 
obtain a closeness coefficient that is used to rank the design alternatives. The proximity in 
the final values of the closeness coefficients of the design alternatives demonstrates that 
the fuzzy TOPSIS approach apportioned ratings to the design alternatives based on 
availability of sub-features in the design concepts and the relevance of the design features 
to the functional requirement of the optimal design.   
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The importance of selecting appropriate 

press brake design for workshop operations 

cannot be exaggerated considering the fact 

that press brakes are important in workshops 

over a long period of time. Hence, there is a 

need to appraise different design concepts of 

press brakes considering the functional 

requirements and available design features. 

Design concept selection is the process of 

evaluating several design alternatives with 

respect to users' requirements and other 

criteria, comparing the relative strengths and 

weaknesses of the concepts, and selecting 

o n e  o r  m o r e  c o n c e p t s  f o r  f u r t h e r 

investigation, testing, or development 

(Olabanji and Mpofu, 2020a; Balin , et. al

2016). Design concept selection requires 

picking the best design idea which best 

satisfies the functional requirement of the 

optimal design. Design concept selection is 

important in the development process when 

the production team must select subsystem 

concepts, components, production processes, 

and evaluate design life cycle (Olabanji and 

Mpofu, 2019a; Arjun , 2016). et. al
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Equipment selection is an important task in 

design due to its operational cost, and also an 

integral part of manufacturing, planning and 

design. Equipment selection is not a well-

defined process because it involves the 

interaction of several design features and sub-

features. Besides, decisions are often 

compl ica ted  and  may even  embody 

contradictions.  Therefore; equipment 

selection is considered as MCDM process, 

and suitable decision-making methods should 

be employed in this process. Also, the MCDM 

has all the characteristics of a useful decision 

support tool and it focuses on what is 

important, it is logical and consistent, and is 

easy to use.  At its core MCDAM is useful for 

dividing the decision into smaller and more 

understandable parts by analyzing each part 

and integrating the parts to produce a 

meaningful solution. Further, the MCDM 

provides a unique ability for design engineers 

to consider and brainstorm about complex 

trade-offs among design alternatives (Girod 

et. al, 2003; Renzi and Leali, 2016). 

The Fuzzy TOPSIS model is basically an 

application of the fuzzy set theory to the 

TOPSIS model. It is a decision-making 

process of finding the best option from all 

feasible alternatives (Madi. ., 2015; et. al

Olabanji and Mpofu, 2019b). Much of the 

decision making in the real-life situations take 

place in an environment in which goals, 

constraints and the consequences of possible 

actions are not known precisely and fuzzy set 

theory can be used to deal with imprecision in 

decision making. In classical multiple criteria 

decision-making (MCDM) methods, the 

ratings and the weights of the criteria are 

Multi-Criteria Decision Making (MCDM), is 

a tool that has been applied to many complex 

decisions including engineering design 

(Olabanji and Mpofu, 2020b).  It is usually 

employed in solving problems that are 

characterized as a choice among alternatives. 

MCDM is one of the most considerable 

branches of Decision Making that refers to 

making decisions in the presence of multiple, 

usually conflicting, criteria. Basically, 

MCDM can be classified into two categories 

(Olabanji, 2018; Okudan and Tauhid, 2008); 

Mult iple  Attr ibute Decision Making 

(MADM) and Multiple Objective Decision 

Making (MODM). The MADM is employed 

in making a choice from a set of alternatives 

within a discrete solution space. It utilizes 

Multi-Attribute Utility Theories (MAUT) 

such as Weighted Sum Model (WSM), 

Analytic Hierarchy Process (AHP), Weighted 

Average model (WA), VIseKriterijumska 

Optimizacija I Kompromisno Resenje 

( V I K O R ) ,  E l i m i n a t i o n  a n d  C h o i c e 

Translating Reality (ELECTRE) and Analytic 

Network Process (ANP) among others 

(Olabanji and Mpofu, 2020c; Olabanji, 2020). 

The MODM finds application when there are 

no discrete sets of explicitly defined 

alternatives. Examples of methods applied in 

MODM are linear programming approaches, 

Technique for Order Preference by Similarity 

to Ideal Solution (TOPSIS) and Goal 

Programming (GP). MODM provides search 

for an infinite set solution in a continuous 

space and it usually emerges at two stages 

which are implementation of higher-level 

strategic decisions at a more detailed 

operational level and generation of explicit set 

of alternatives for more detailed evaluation 

before a final decision is reached (Olabanji 

and Mpofu, 2014; Renzi et. al, 2017).
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known precisely (Olabanji and Mpofu, 

2020d). Owning to vagueness of the decision 

data, the crisp data are inadequate for real-life 

situations. Since human judgments including 

preferences are often vague and cannot be 

expressed by exact numerical values, the 

application of fuzzy concepts in decision 

making is deemed to be relevant (Cevdet and 

Cihan, 2011; Renzi , 2015). In essence, et. al

the application of fuzzy set in the form of 

TFNs will assist in quantifying some design 

features and requirements relative to press 

brakes. Some of these features includes 

precision control of ram, velocity control, 

parallelism and forming pressures. Since 

human judgement including preferences are 

often vague and cannot be expressed by exact 

numerical valves, the application of fuzzy 

concepts in decision-making is deemed 

relevant in getting optimal design in 

manufacturing industries (Olabanji, 2020a).

The press brake represents a specific type of 

machine tool, essential in the performance of 

industrial manufacturing processes. Presses 

deliver energy through a force that acts over a 

distance or stroke. One important application 

is in metal forging manufacture. The energy of 

the press is used to close the die, forging the 

part within. Press machine tools apply 

force/energy to the work differently than drop 

hammers, (that deliver energy to the work 

through a collision). Press machines are also 

the primary machine tool used in metal 

extrusion and sheet metal fabrication 

processes (Olabanji et. al., 2016). Hydraulic 

and mechanical presses are employed during 

sheet metal forming to the extent that sheet 

metal processes, in general, are often referred 

to as press working. Presses may be used in the 

manufacture of plastic parts. Machining 

operations, such as broaching, may also 

require presses. Press machine tools vary in 

size and in the amount of force they can 

output. The energy from a press is often used 

to do work requiring a tremendous amount of 

force, such as a large amount of plastic 

deformation of a sizable piece of metal. The 

method and nature by which a press machine 

will deliver its energy will vary, dependent on 

its type. 

Hence, this article addresses the challenges of 

determining optimal design concept from a set 

of alternatives by providing a repeatable 

method that can be applied for subsequent 

designs. This implies that, research questions 

regarding which robust decision model can be 

employed for assessing alternative conceptual 

designs in order to identify optimal design 

concept will be addressed in as much as the 

design engineer has identified the design 

features and sub features required for 

characterizing the optimal or best design 

(Olabanji, 2020b; Yeo et. al., 2004). Design 

analysis is an important part of any 

engineering design as it will indicate if a 

proposed or conceptualized design can serve 

the purpose for which it was designed, or it 

will fail at the point of service. This article is 

important as it will guide manufacturers 

before making a choice of design based on 

statistical analysis result, ranking order 

presented by the multi-criteria decision tools 

employed Fuzzy TOPSIS, in order to cut cost. 

It is important to avoid product failure at the 

point of service which can reduce the integrity 

of the manufacturer. The analysis carried out 

in this article will help identify the design that 

is best fit for the problems encountered in the 

course of pressing materials. Moreover, it 

encourages lean manufacturing process since 
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In order to simplify the analysis, it is necessary 

to identify the design features and sub-

features that are required for consideration in 

order to obtain an optimal design as presented 

in Figure 1. Further, the procedures for 

implementing the Fuzzy TOPSIS considering 

the design alternatives is presented in Figure 

2. Model equation for the TFN is presented in 

equation 1 and the respective linguistic terms 

for the membership function is shown in Table 

1. A sub-decision matrix representing the 

aggregation of sub-features in the design 

alternatives is presented in equation 2. The 

cumulative of the sub-decision matrices is 

used to develop a decision matrix as presented 

in equation 3. In order to obtain a normalized 

decision matrix, equation 3 is normalized 

using equations 4 to 6. Further, the fuzzy 

positive, fuzzy negative and distances of the 

design alternatives to the positive ideal and 

negative ideal solutions are expressed in 

equations 7 to 10 respectively, while the 

closeness coefficient of the design alternatives 

to the ideal positive and negative solutions is 

presented in equation 11.

the optimal design concept would have been 

selected and unnecessary costs and waste are 

eliminated before or during manufacture of 

the press brake.  Since the design engineer 

may not be able to perform all analysis related 

to manufacturing of an equipment such as cost 

related factors, it is necessary to consider all 

factors, analyze and rank them before taking 

any decision on the optimal design.

2. METHODOLOGY 

Figure 1. Design Features and Sub-features for Optimal Press Brake Design
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Figure 2. Fuzzy TOPSIS Implementation Process

Where  u£ v £ w  and u, v and w represent the 

lower, modal and upper values of the fuzzy 

number M respectively (Olabanji, 2018; 

Olabanji and Mpofu, 2019c; Mir et. al, 2011). 

The TFNs adopted are tabulated in Table 1.

Table 1. TFN for Rating and Ranking Design 
Features and Sub-features respectively
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Four design concepts of press machines are 

considered as design alternatives as presented 

in Figure 3 alongside the design features and 

sub-features presented in Figure 1. The ratings 

of the design alternatives considering all the 

sub-features of the four design features are 

presented in Tables 2 to 5. The cumulative of 

the design alternatives from Tables 2 to 5 is 

used to develop the fuzzified decision matrix 

as shown in Table 6. Applying equation 4 on 

the decision matrix and considering the 

weights of the design features in Table 6 yields 

the weighted normalized decision matrix in 

Table 7. Also, from the weighted normalized 
*fuzzy decision matrix, the fuzzy positive (A  ) 

-and negative ( A ) ideal solutions for the design 

alternatives can be obtained in equations 12 

and 13 respectively. Also, the distances of 

each design alternatives from the positive and 

negative ideal solutions can be derived as 

shown in Table 8. The closeness coefficients of 

the design alternatives are obtained from these 

distances applying as presented in Table 9.

3. APPLICATION TO THE DESIGN 

OF PRESS MACHINES

Figure 3. Framework for Implementing Fuzzy TOPSIS in the 
identification Design of press brake
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4. RESULTS AND DISCUSSION

The decision analysis considered four design 

features with several sub-features for different 

design concepts of press machines in order to 

identify an optimal design. The priority of 

each of the concepts relative to the importance 

of functional requirement in the optimal 

design is presented in Table 9. From Table 9, it 

can be observed that design concept three (3) 

is the optimal design despite the fact that other 

design alternatives have priority values that 

are closer to each other. This implies that the 

fuzzy TOPSIS method did not just allot values 

to the design alternatives in such a way that 

one design has extremely higher value than 

others as shown in Figure 4.

Also, in MCDM, a number of alternatives 

have to be evaluated and compared using 

several criteria. The aim of MCDM is to 

provide support to the decision-maker in the 

process of making the choice between 

alternatives. In this way, practical problems 

are often characterized by several conflicting 

criteria, and there may be no solution which 

satisfies all criteria simultaneously. Thus, the 

solution is a compromise solution according 

to the decision-maker's preferences. In this 

sense, TOPSIS is based upon the concept that 

the chosen alternative should have the shortest 

distance from the Positive Ideal Solution (PIS) 

and the furthest from the Negative Ideal 

Solution (NIS). The final ranking is obtained 

by means of the closeness in

Table 2. TFN Ratings of Design Alternatives Based on Sub-features of Functionality

Table 3. TFN Ratings of Design Alternatives Based on Sub-features of Flexibility
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Table 4. TFN Ratings of Design Alternatives Based on Sub-features of Manufacturing

Table 5. TFN Ratings of Design Alternatives Based on Sub-features of Operation

Table 6. Fuzzified Decision Matrix

Table 7. Weighted Normalized Fuzzy Decision Matrix

281 Mohammed /FUTAJEET 15 (2) (2021) (273-285)

Achieving the Selection of Optimal Press Brake Design 
Via A Fuzzy Topsis Approach

Mohammed



Table 8. Distances of the Design Alternatives to the Positive and Negative Ideal Solutions

Table 9. Closeness Coefficient  and Ranking of Design AlternativesiCC

Figure 4. Chart for design concepts priority values
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Considering the results obtained from the 

application of Fuzzy TOPSIS to the design of 

press machines, it can be hypothetically stated 

that TOPSIS is suitable in the selection of 

optimal design. Since human judgement 

including preferences are often vague and 

cannot be expressed by exact numerical 

values, the application of fuzzy concepts in 

decision-making is deemed relevant in getting 

optimal design in manufacturing. Concept 

selection in engineering design cannot be 

carried out based on intuition or decision 

maker's best guess. It is of high importance to 

adopt the multi-criteria decision-making tool 

to enact a fair concept judgment in the face of 

multiple functions. The use of TOPSIS reveals 

the consistency of concept 3 as the optimal 

design. Furthermore, this investigation shows 

that in the selection and manufacture of a press 

m a c h i n e  b a s e d  o n  d e m a n d , 

modification/variation can be made as to 

which functional need or requirement should 

be given priority, which can be corrected in the 

design stage as well as the production process. 

Such analysis will help to understand the 

classes of design, their operational strength, 

and their service condition in order to avoid 

failure during operation. TOPSIS as multi-

criteria decision-making tools can also be 

employed in several other fields such as 

supplier selection, plant location and design, 

system designs, as well as maintenance. From 

the analysis of Fuzzy TOPSIS, i t  is 

recommended that multi-criteria decision 

tools are of extreme importance and should be 

adopted in taking critical decisions before any 

design selection or manufacturing is carried 

out. To ease the iteration and computation 

process, a model/software could be developed 

in subsequent research to make the tools 

(TOPSIS) more appealing, acceptable and 

flexible for future work. 
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