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Abstract— Decisions are made in the best interest of an 

organization and effective decision making is the vital factor in 

organizational growth. Selection of appropriate bearing 

materials for diverse applications is one of the hardest tasks in 

any bearing manufacturing industry. Material selection, the 

process of determining the suitable material which provide better 

performance, quality, durability and efficiency of bearing plays a 

key role in bearing manufacturing. A systematic and efficient 

approach towards material selection is necessary in order to 

select the best alternative for a required bearing application. In 

other words bearing material selection from among many 

alternatives on the basis of many attributes is a Multiple Criteria 

Decision Making problem. This paper proposes an integrated 

decision making approach based on the various attributes of an 

alternatives of the bearing material by using one of the most 

popular decision making tool known as TOPSIS(Technique for 

Order Preference by Similarity to Ideal Solution). The model will 

help managers and engineers to reach a consensus on material 

selection for specific application of bearing. The framework of 

TOPSIS is demonstrated by using various bearing material 

alternatives available under each category of bearing steel and 

having different chemical composition for each alternative which 

are known as attributes. Four major categories of bearing 

material each comprising of all possible alternatives along with 

their respective combinations of attributes are demonstrated in 

order to validate the effectiveness and flexibility of the model. 
 

I. INTRODUCTION  

While selecting materials for engineering applications, a clear 

understanding of the functional requirements is required and 

various important attributes need to be considered. Material 

selection attribute is defined as an attribute that influences the 

selection of material for given application. The attributes of 

material contributes at great extent in defining its physical, 

chemical, mechanical, manufacturing properties. Thus the 

selection among the alternative materials which is meeting the 

required properties on the basis of two or more attributes is 

multiple criteria decision making (MCDM) problem. The 

selection decisions are complex as material selection is more 

challenging today. There is need for simple, systematic and 

logical methods or mathematical tools to guide decision 

makers in considering a number of selection attributes and 

their interrelations. The objective of any material selection 

procedure is to identify appropriate selection attributes and 

obtain the most appropriate combination of attributes in 

conjunction with real requirement. Thus, efforts need to be 

extended to identify those attributes that influence material 

selection for a given engineering application to eliminate 

unsuitable alternatives and to select most appropriate 

alternative using simple and logical methods. 

 In industries that are concerned with large scale 

production the raw materials and component parts possess 

huge share of total product cost. In such case purchasing 

department can play a key role in cost reduction. So, MCDM 

tools and techniques can also help purchase department in 

process of cost minimization by selecting appropriate material 

which is not over priced and also which can be able to achieve 

the desired attributes in the end products and can fulfill the 

actual and practical needs of the end products. Material 

selection process is one of the most significant variables, 

which has direct impact on the performance of an 

organization. As organization becomes more and more 

dependent on the material for better results of end products, 

the direct and indirect consequences of poor decision making 

will become more critical. The nature of this decision is 

usually complex and unstructured.  MCDM problems involves 

tradeoffs among the criteria’s that involve both quantitative 

and qualitative factors, which may also be conflicting. In this 

paper as considering every criteria for selection of material 

was quite complex, hence with the consent of experts and their 

relevant literature we can recognize variables and effective 

criteria’s in material selection, with regards to this point the 

main and important criteria have been extracted by expert 

judgement. 
 Technique for Order Preference by Similarity to Ideal 

Solution (TOPSIS) was first developed by Yoon and Hwang 
and it is one of the most popular and simplest MCDM tool. 
The rank of each type of material is determined by 
implementing TOPSIS method in this paper. TOPSIS has been 
a favorable technique for solving multi criteria problems. This 
is mainly due to reasons like its concepts are much simpler 
and easy to understand and also it requires less computational 
efforts unlike other MCDM methods like AHP and hence can 
be applied easily. 

II. PROPOSED METHODOLOGY 

The proposed methodology for material selection problem, 

composed of TOPSIS method, consists of following steps: 

 Identify the criteria’s to be used in the model. 
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 Formation of decision matrix consisting of 

alternatives and criteria’s. 

 Evaluation of alternatives with TOPSIS and 

determination of the final rank. 

In the first step with the help of going over expertise of 
experts we try to recognize variables and effective criteria in 
material selection and the criteria which will be used in their 
evaluation is extracted. Thereafter decision matrix is 
composed comprising of alternatives and criteria, with criteria 
on columns and alternatives on rows. Finally alternatives are 
evaluated and ranks are determined using TOPSIS method. 
Schematic diagram of the proposed model for material 
selection is provided in Figure 1.  

 

Figure 1: Schematic model for TOPSIS Methodology. 

 

 

III. TOPSIS METHODS 
 

TOPSIS method was introduced for the first time by Yoon and 

Hwang and was appraised by surveyors and different 

operators. As large number of potential available vendors in 

the current marketing environment, a full ANP decision 

process becomes impractical in some cases. To avoid an 

unreasonably large number of pair wise comparisons we 

choose TOPSIS as the ranking because of its concepts ease of 

use. Also ANP is adopted simply for the acquisition of the 

weights of criteria. A general TOPSIS procedure for TOPSIS 

method is described below: 

Step 1: Establish a decision matrix for the ranking. 

The structure of the matrix can be expressed as follows: 

 
Where m= 1 to i represents various alternatives and n= 1 to j 

represents various criteria and values entered into matrix 

represents performance rating of each alternative with respect 

to each criterion. 

      Step 2: Obtain a Normalized decision matrix (Mij). 

The normalized values (mij) of normalized decision matrix are 

calculated as: 

 

 

 

Where i = 1, 2, 3…..m 

        

 
      Step 3: Standardize matrix to assign weights: 

Matrix after standardization is represented as: 

 

 

 

 

 

Where j = 1, 2, 3……n 

 

Weights are assigned to criteria as: 

 

 

 

Where n = No of alternatives in decision matrix. 

     Step 4: Obtain weighted normalized decision matrix: 

Weighted normalized decision matrix is obtained as: 

 

 

 

Each criteria is multiplied by its corresponding weight 

assigned. 

    Step 5: Determine Positive and Negative Ideal Solutions: 

 

Vj
+ = {V1

+......Vn
+} 

     = {(Max Vij j ε J)} for positive criteria. 

     = (Min Vij j ε J’)} for negative criteria. 

Vj
- = {V1

-......Vn
-} 

     = {(Min Vij j ε J)} for positive criteria. 

     = {(Max Vij j ε J’)} for negative criteria. 

 

Where J is associated with positive criteria and J’ is associated 

with the negative criteria. 
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Note: Positive and negative criteria are also termed as Benefit 

and Cost criteria. As their names suggest, benefit criteria is the 

one which represents beneficial qualities in that material on 

the other hand cost criteria represents the qualities which are 

non-beneficial. 

       Hence a reliable expertise is needed to be taken while 

deciding that the whether any particular criteria is to 

considered as benefit criteria or cost criteria. 

Step 6: Obtain separation measures of each alternative 

from Ideal One. 

 

 

 

 

 

 

Where Si
+ is the positive separation measure from positive 

ideal solution Vj
+. 

 

 

 

 

 

 

Where Si
- is the negative separation measure from negative 

ideal solution Vj
-. 

 

Step 7: Rank alternatives in descending order by finding 

relative closeness (Pi) of particular to Ideal Solution. 

 

 

 

 

 

III. NUMERICAL PROBLEM 

For the application purpose of this methodology, we solved 

and applied this technique for material selection problem in 

bearing industry. There are numerous types of material 

available having different chemical composition according to 

each class of bearing steel. This material selection is very 

critical process as the material should retain appropriate 

physical as well as chemical properties as required after the 

bearings have been manufactured by using these material. 

Hence selecting a material having an appropriate chemical 

composition is a decision making process out of several 

available alternatives. By application of TOPSIS methodology 

we tried to find out the best available material alternative in 

each class of bearing steel.  

 The first step starts with the developing of decision 

matrix, although the criteria considered in the evaluation 

purpose are essential for particular class of bearing steel but 

the criteria may change as per the class of bearing steel and 

some other criteria may also be required to replace, added into 

the current criteria as per the need. The detailed TOPSIS 

process for material selection problem in bearing steel 

industry is described below. 

 

 

Step 1: Developing a decision Matrix 
 

 

 

Step 2: Obtain Normalized Decision Matrix . 

 

 

 

 

 

Step 3: Standardizing Matrix to assign weights 

 

 

 

  C Si Mn P S Cr Mo 

SUJ2 1.1 0.35 0.5 0.025 0.025 1.6 0.08 

SUJ3 1.1 0.7 1.15 0.025 0.025 1.2 0.08 

SUJ5 1.1 0.7 1.15 0.025 0.025 1.2 0.25 

52100 1.1 0.35 0.45 0.025 0.025 1.6 0.1 

Grade 

1 
1.05 0.75 1.25 0.025 0.025 1.2 0.1 

Grade 

3 1.1 0.35 0.9 0.025 0.025 1.5 0.3 

  C Si Mn P S Cr Mo 

SUJ2 0.41 0.25 0.21 0.40 0.40 0.46 0.18 

SUJ3 0.41 0.50 0.49 0.40 0.40 0.35 0.18 

SUJ5 0.41 0.50 0.49 0.40 0.40 0.35 0.58 

52100 0.41 0.25 0.19 0.40 0.40 0.46 0.23 

Grade 

1 
0.39 0.54 0.534 0.40 0.40 0.35 0.23 

Grade 

3 0.41 0.25 0.38 0.40 0.40 0.43 0.69 

 

  

 

 

   

) 

 

 
𝒎𝒊𝒋 =

𝑹𝒊𝒋

 ( 𝑹𝒊𝒋𝟐)𝒎
𝒊=𝟏

 
 

 
𝑿𝒊𝒋 =

𝑴𝒊𝒋

 𝑴𝒊𝒋𝒏
𝒋=𝟏
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Here weights are assigned to each attribute as per its relative 

importance with corresponding alternative material. 
 

Step 4: Obtain Weighted Normalized decision matrix. 
 

 

 

 

 

Step 5: Positive & Negative Ideal Solutions. 

 

Here we are considering Carbon (C) and Sulphur (S) 

as negative criteria because additionaly as carbon content 

increases steel becomes increasingly responsive to heat 

treatment which is also not good as this may lose the elasticity 

in the material. Also excess amount of Sulphur causes material 

to become detrimental to the hot forming properties. 
 

Step 6: Obtain Separation measures from Ideal One. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  C Si Mn P S Cr Mo 

 

Sum 

SUJ2 0.17 0.10 0.09 0.17 0.17 0.19 0.07 

 

2.34 

SUJ3 0.14 0.18 0.17 0.14 0.14 0.12 0.06 

 

2.76 

SUJ5 0.13 0.16 0.15 0.12 0.12 0.11 0.18 

 

3.15 

52100 0.17 0.10 0.08 0.17 0.17 0.19 0.09 

 

2.37 

Grade 

1 
0.13 0.18 0.18 0.14 0.14 0.12 0.08 

2.86 

Grade 

3 0.13 0.08 0.12 0.13 0.13 0.14 0.23 

3.00 

 Wj 0.15 0.13 0.13 0.15 0.15 0.15 0.12 

 C Si Mn P S Cr Mo 

SUJ2 0.17 0.10 0.09 0.17 0.17 0.19 0.07 

SUJ3 0.14 0.18 0.17 0.14 0.14 0.12 0.06 

SUJ5 0.13 0.16 0.15 0.12 0.12 0.11 0.18 

52100 0.17 0.10 0.08 0.17 0.17 0.19 0.09 

Grade 

1 
0.13 0.18 0.18 0.14 0.14 0.12 0.08 

Grade 

3 
0.13 0.08 0.12 0.13 0.13 0.14 0.23 

Sum 0.90 0.83 0.82 0.90 0.90 0.90 0.74 

  C Si Mn P S Cr Mo 

SUJ2 0.02 0.01 0.01 0.02 0.02 0.02 0 

SUJ3 0.02 0.02 0.02 0.02 0.02 0.01 0 

SUJ5 0.01 0.02 0.02 0.01 0.01 0.01 0.02 

52100 0.02 0.01 0.01 0.02 0.02 0.02 0.01 

Grade 

1 
0.02 0.02 0.02 0.02 0.02 0.01 0.01 

Grade 

3 0.02 0.01 0.01 0.02 0.02 0.02 0.02 

Vj+ 0.019 0.02 0.02 0.02 0.019 0.029 0.02 

        Vj- 0.02 0.01 0.01 0.01 0.02 0.016 0.008 

  
 

Si+ 

SUJ2 0.0272817 

SUJ3 
0.0237935 

SUJ5 0.0170125 

52100 0.0263799 

Grade 1 0.0225938 

Grade 3 0.0192855 

  
 

Si- 

SUJ2 0.0153346 

SUJ3 0.0201986 

SUJ5 0.0226527 

52100 0.0152536 

Grade 1 0.0219704 

Grade 3 0.0234641 

 
 

 𝑽𝒊𝒋 = 𝑿𝒊𝒋 ∗ 𝑾𝒋 
 

 
𝑆𝑖 +  = ( (𝑉𝑖𝑗 − 𝑉𝑗+)2)^0.5

𝑚

𝑗=1

 

 

 
𝑆𝑖 −  = ( (𝑉𝑖𝑗 − 𝑉𝑗−)2)^0.5

𝑚

𝑗=1
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    Step 7: Rank the alternatives by finding relative 

closeness (Pi) to ideal solution. 
 

 

 

 

 

 

 

 

 

 

 

 

Thus from the rankings done using relative closeness co 

efficient (Pi), SUJ5 material has the best score amongst the six 

materials. 

conclusion 
For bearing industry it is necessary to maintain the good 

level of chemical composition in the materials so that it its 
properties and quality are not compromised. By above 
mathematical treatment it is clear that the material selection 
for a bearing industry involves multiple criteria which show 
the important role in selection of material. Technique for 

Order Preference by Similarity to Ideal Solution is simple and 
understandable method for selecting a suitable material. Using 
this method we select the different alternatives according to 
the importance of different criteria. Thus, TOPSIS method 
used for different multi criteria decision problems in suitable 
manner. 
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Pi 

 

Rank 

SUJ2 0.359829 6 

SUJ3 0.459141 4 

SUJ5 0.571097 1 

52100 0.366377 5 

Grade 1 0.493006 3 

Grade 3 0.548873 2 

 𝑃𝑖 = (
𝑆𝑖−

𝑆𝑖++𝑆𝑖−
) 

 


