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     CLUSTERING TECHNIQUES FOR 

MATERIAL SELECTIONS 
 

Abstract: Nowadays with rapidly growing databases in 

manufacturing industries. It’s really an unmanageable timing 

problem to analyze them and to make decision from them. 

Studying this type of problem using data mining techniques 

leads more clarification for manufacture and also for better 

research work. There is so many materials and so much of 

information, and so however to mine from them are the 

challenging task. There are many techniques from 

competitions aspect to mine. Like a clustering techniques. The 

term clustering, there are a number of terms with similar 

meanings, including automatic  classification,  numerical  

taxonomy,  botryology and typological analysis. This 

techniques for grouping the materials makes designer to 

select the materials. In this paper we will explain some works 

on this techniques for material selection 

Keywords: Clustering, Techniques, Material, Selection 

 

1. INTRODUCTION  
 

Materials science in an interdisciplinary 

field encompassing various branches of science 

and engineering, and focusing on the properties 

of materials. The main objective of this field is 

to gain a strong understanding and knowledge 

of existing materials in order to discover and 

develop new ones, and to supply humanity with 

the materials it need by designing suitable 

processes.  

This field is associated with a significant 

responsibilities, and occupies a very important 

place in present-day engineering applications. 

Especially in recent years, scientists have been 

working extensively on the selection and 

development of materials. In addition to the 

intrinsic properties of materials, the field also 

evaluates the extrinsic factors which act on the 

materials. This allows materials to be clustered 

depending on their ability to meet 

requirements. 

Before the clustering of materials, it is first 

necessary to perform product analysis. Product 

analysis involves; 

 Considering design from an ergonomics 

and functional standpoint.  

 Selection of suitable materials that will 

ensure adequate performance.  

 Selection of a suitable and economic/cost-

effective method. 

Although these steps apply in many cases, 

“design” is actually a far more complex 

process, with numerous parameters being 

involved. Typically, the customers determines 

the relevant specifications, and expects the 

designer to identify and provide the suitable 

materials. This is, at least, how a designer 

should work.  

One of the most important points to 

consider in product analysis is the functional 

demands concerning the product to be 

developed. The selection of materials will be 

performed largely based on these demands. 

Although this selection is often based on 

previously used products and previous 

experiences, such information may prove 

insufficient for the use of new technological 

materials.  

In such cases, it is necessary to first 

determine the environmental conditions where 

the material will be used. These conditions 

include temperature, corrosion, fatigue and 

deformation. For example, graphs similar to the 

one provided in Figure 1 will be used to 

determine the effect of temperature under 

changing loads. 

Sometimes, selecting the best materials is 

not sufficient on its own, since it may also be 

necessary to produce this material. It may then 

become necessary to consider the question of 

which processes and conditions, as well as what 

costs, will be involved in producing the 

material. 

All these approaches enable us to 

determine, on one hand, the performance 

http://en.wikipedia.org/wiki/Statistical_classification
http://en.wikipedia.org/wiki/Numerical_taxonomy
http://en.wikipedia.org/wiki/Numerical_taxonomy
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cluster of the material, and, on the other hand, 

its cost group.  

 

 
Figure 1 - The effect of temperature-strength 

change on material selection 

 

The most important point to consider is 

performance; in other words, the sum of all 

properties that will allow the material to meet 

the relevant requirements. Performance 

comprises numerous properties such as density, 

resistance, elastic modulus, etc. In addition, 

each one these main groups/clusters will further 

consist of sub-groups/clusters, such as:  

 Mechanical: resistance, elasticity 

 Physical: density, melting point  

 Electrical: conductivity, resistance 

 Esthetics: appearance, color 

 Producibility: ductility, moldability 

 Economics: costs, costs, costs… 

 

This process is not as easy as it may first 

seem. Even when these properties are 

considered for the parts that will constitute the 

chassis of a bicycle (Figure 2) relatively simple 

design – the materials may need to be 

organized as follows: 

 Steel: Resistant, rigid, heavy, low-cost  

 Aluminum: Medium resistance, light, 

costlier than steel  

 Composite: Resistant, rigid, very light, 

high-cost, and difficult to produce. 

These material solutions will be compared 

with the relevant functional characteristics. To 

this end, the Ashby diagrams are used, which 

are a type of diagram that well-known across 

the world. For example, material selection can 

be performed with by using the relationship 

between density and the young modulus (as 

shown in Figure 3). 

 

 
Figure 2 - Components of a Bicycle 

 

 
Figure 3 - Material selection by using the 

relationship between Young’s modulus–density  

 

Similarly, to determine costs – which 

represent the second most important factor to 

consider in clustering solutions – it is possible 

to use the relationship between resistance and 

cost (as shown in Figure 4)  

 

 
Figure 4 - Material selection by using the 

relationship between resistance and cost. 
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2. CLUSTERING APPROACH IN    

THE ASHBY METHODOLOGY 
 

The Ashby Methodology – a basic 

methodology used by most engineers – is 

fundamentally a clustering application. The 

stages of this application include: 

 Translation: Determining the design 

requirements, constraints and objectives. 

This further requires a consideration of: 

1 Function: What function will this part 

perform? Do not limit your options! 

2 Purpose: What special conditions 

need to be satisfied? 

3 Constraints: Which constraints need 

to be maximized and minimized?  

4 Free variables: Which design 

variables are free? What can I 

change? What is required?  

 Screening: Eliminating materials that 

cannot perform the necessary function. In 

other words, identifying the materials to be 

removed from the cluster. 

1. Metal? 

2. Ceramics? 

3. Glass? 

4. Polymer? 

5. Elastomer? 

6. Hybrid? 

7. Composite? 

 In this context; an illustration of different 

material selection according to Young’s 

modulus is shown in Figure 5, while an 

illustration of suitable material selection 

according to resistance to 200 o C is shown 

in Figure 6. 

 

 
Figure 5 - Material selection according to 

Young’s modulus 

 

 
Figure 6 - Material selection according to the 

maximum serving temperature 

 

 Ranking: Forming a list of materials that 

can best perform the necessary function. In 

other words, determining the materials to 

be kept within the cluster. The method to 

be used in this advanced ranking approach 

is as below:  

1. Function, constraints, ranking, 

elimination  

2. Determining the “Performance 

Equation” in accordance with the 

objective.  

3. Determining the maximum 

performance based on the material 

properties. 

4. Prepare a ranking  

 Supporting Information: Form a list of 

existing materials used in similar 

functions/applications. 

Using these stages allows engineers to find the 

desired solutions for the tools or machines to be 

produced through clustering. 

 

 

3. CLUSTERING METHODOLOGY 

IN MATERIAL SELECTION 
 

The aim of engineering problems is to 

determine the validity of data collection 

techniques through systematic and cautious 

approaches. It involves methodizing in a 

planned and organized manner the variables 

which might affect the product/project (x), as 

well as their effects on the product/project 

output (y).  

This approach allows engineers to reduce 

the number of experiments to be performed, as 

well as the amount of time and money required.  

Material experiments can involve 4 types 

of engineering problems, which are: 

 Comparison: Determining the effect 



 

80                                                        A.A., Eker, B., Eker 

caused by changes in a given factor, as 

well as the degree of these changes. 

 Elimination and characterization: removal 

of unimportant factors that might affect 

the process. 

 Modelling: Especially involves making 

estimations/prediction with analytical 

solutions. 

 Optimization. 

The concept to be applied in these 

processes consist of 8 stages: 

 Step 1: Identifying suitable objectives.  

 Step 2: Quantitative assessment of 

responses. 

 Step 3: Repetition to reduce changes that 

cannot be adequately controlled. 

 Step 4: Planning and organizing the 

order/sequence of experiments. 

 Step 5: Removing known variables. 

 Step 6: Identifying effects that can be 

matched 

 Step 7: Performing experiments according 

to the predetermine order/sequence. 

 Step 8: Determining the critical findings 

and their significance 

 

 

4. CONCLUSION 
 

Material selection is ultimately a process 

consisting of a set of rules. By applying 

clustering to these sets, it is possible to obtain 

better and more sensitive results in the relevant 

areas. Based on these observations; it is 

possible to state that clustering methodology 

not only brings a different perspective to 

material selection, but also allows better tools 

and machines to be produced and brought into 

use.  

Furthermore, owing to its 

multidisciplinary nature, we believe that this 

methodology will contribute to the 

development of different fields of engineering. 
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