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Abstract— Material selection is one of the key issues for the 

production of good products in industries. A number of 

materials are available for a single product due to which 

material selection become a difficult task. The aim of this 

paper is to select appropriate material for gear used in fuel 

pump by using Simple additive weighting (SAW) method. 

Simple additive weighting method is a ranking method for 

selection of two or more alternative material. In this paper 

four numbers of alternative material and seven attributes for 

material selection is used to identify the best material for 

given product. 
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I. INTRODUCTION 

Material selection is one of the key issues for the production 

of good products in industries. There are number of variety 

of material available for a single product each having its 

own advantage and disadvantage. Availability of large 

number of materials makes the selection process a difficult 

task. During the selection of material a number of attributes 

have to be taken into consideration. An attribute is factor 

which affects the material selection for a given problem. 

These attributes are: mechanical properties, electrical 

properties, magnetic properties, physical properties, 

chemical properties, manufacturing properties material cost, 

product shape, material impact on environment, 

performance characteristics, etc. 

The selection of a best material for an engineering 

problem from given alternative materials on the basis of 

their attributes is a multiple attribute decision-making 

(MADM) problem. 

During the past few decades various methods have 

been proposed to rank alternatives. Rao[1] have worked on 

selection of material for cryogenic storage tank for 

transportation of liquid nitrogen from the alternative 

material. They applied various MADM approaches such as 

SAW, WPM, graph theory etc. Liao[2] presented a fuzzy 

multi criteria decision-making method for material selection. 

Giachetti[3] described a prototype material and 

manufacturing process selection system that integrates a 

formal multiple attribute decision model with a relational 

database. B. K. Patel[4] used decision making method to 

selecting robot with different capability application wise, 

specification to best combination robot autonomous system 

selection. K. G. Nikam[5]  used SAW and WPM for 

selection of cutting tool insert in turning operation. 

ShvaniRayg[6] used various MADM method for selection of 

tool insert for finishing operation. Framework to represent 

and deal with the relationships between design variables of 

both materials parameters and system-level parameters was 

proposed by Raj [7]. Simple Additive Weighting (SAW) is a 

simple and most often used multi attribute decision 

technique. The method is based on the weighted average. A 

score is calculated for each alternative by multiplying the 

scaled value given to the alternative of that attribute with the 

weights of relative importance directly assigned by decision 

maker followed by summing of the products for all criteria 

[8]. Weighted Product Method (WPM) is a more rigorous 

method in penalizing the alternatives with least significance. 

It is dimensionless and ranking abnormality issue does not 

apply to WPM. The preference index of each alternative is 

independent of the other alternatives and one can set a 

threshold for an acceptable preference index to minimize the 

number of unnecessary handovers [9]. 

II. METHODOLOGY 

Simple Additive Weighting (SAW) method 

It is also known as weighted sum method. It is the 

simplest decision making tool but still most used MADM 

method. This method is based on the weighted average. An 

evaluation score is calculated for each alternative by 

multiplying the scaled value given to the alternative of that 

attribute with the weights of relative importance directly 

assigned by decision maker followed by summing of the 

products for all criteria. In this method each attribute is 

given a weight and sum of all the weights must be 1. 

Previously it is said that SAW method can be only used with 

those problems where the decision attributes has identical 

units of measure. However, if all the elements of the 

decision table are normalized, then SAW Method can be 

used for any type and any number of attributes. The score of 

given alternative can be calculated by the formula 

𝑆𝑖 =∑𝑁𝑖𝑗𝑊𝑗

𝑚

𝑗=1

 

Where ‘Si’ is the score of alternative ‘Ai’, ‘Nij’ is 

the normalized value of alternatives, ‘Wj’ is weight of 

attributes and ‘m’ is the number of attributes. 

A. Problem Formulation 

This problem is related with selection of a suitable material 

for a gear used in fuel pump. The material selection problem 

considers four alternative materials and seven attributes, and 

the data are given in Table 1. 

Mat. SH CH O MF PCD R M 

1 61.5 32 .020 2 .83 .70 4,3 

2 62 31.3 .0167 2 .62 .52 3.8 

3 61 42 .0155 1.5 .65 .50 3.9 

4 60 37 .0145 1 .75 .63 4.1 

Table 1: Objective Data of Attributes 

Mat. =Material. SH= Surface Hardness (HRC), 

CH= Core Hardness (HRC), O= Oxidation (mm), MF= 

Magnetic flux (Gauss), PCD= case depth at pitch circle 
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diameter (mm), R=case depth at root (mm), M= Millipore 

test value (mg). 

 Material 1= 16MnCr5 

 Material 2= SAE-8620 

 Material 3= 19MnCr5 

 Material 4= SCM-420HV 

Since the units of attributes are different from each 

other therefore we have to normalize the data of table 1 to 

apply the SAW Method. Normalized data of attributes is 

given in Table 2. 

Mat. SH CH O MF PCD R M 

1 .992 .762 1 1 1 1 1 

2 1 .745 .835 1 .747 .743 .884 

3 .984 1 .775 .75 .783 .714 .907 

4 .968 .881 .725 .5 .903 .9 .953 

Table 2: Normalized data 

Weight of the attributes is given in table 3 

Attributes SH CH O MF PCD R M 

Weight .35 .3 .06 .04 .11 .09 .05 

Table 3: Weight of attributes 

Now the overall performance score for each 

material is calculated by using table 2 and table 3 

1) For material 1 

S1= .993*.35+.762*.3+.06+.04+.11+.9+.05 

= 0.92580 

2) For material 2 

S2 

=.35+.745*.3+.835*.06+.04+.747*.11+.743*.09+ .884*.05 

=1.62297 

3) For material 3 

S3 

=.984*.35+.3+.775*.06+.75*.04+.783*.11+.714*.09+.907*.

05 = 1.72351 

4) For material 4 

S4 

=.968*.35+.881*.3+.725*.06+.5*.04+.903*.11+.9*.09+.953

*.05 = 0.89458 

The overall performance score of materials are 

arranged in descending order as given below: 

 Material 3 (19MnCr5):  1.72351 

 Material 2 (SAE-8620):  1.62297 

 Material 1 (16MnCr5):   0.92580 

 Material 4 (SCM-420HV): 0.89458 

III. CONCLUSION 

SAW method suggests the material designated as 3, i.e. 

19MnCr5, as the right choice for the given problem of 

selection of a suitable material for a gear used in fuel pump. 

REFERENCES 

[1] RV Rao (2006) A material selection model using graph 

theory and matrix approach. Materials Science and 

Engineering A 431:248–255. 

[2] TW Liao (1996) A fuzzy multicriteria decision-making 

method for material selection. Journal of Manufacturing 

Systems 15:1–12. 

[3] RE Giachetti (1998) A decision support system for 

material and manufacturing process selection. Journal 

of Intelligent Manufacturing 9:265–276. 

[4] R. V. Rao, B. K. Patel and M. Parnichkun, “Industrial 

robot selection using a novel decision making method 

considering objective and subjective preferences”, 

Elsevier Robotics and Autonomous Systems (2011). 

[5] K. G. Nikam and S. S. Kadam, “Selection of cutting 

tool insert in turning of EN8 steel using multiple 

attribute decision making MADM methods”, 

International Journal Of Engineering Sciences & 

Research Technology (2014). 

[6] ShivaniRaygor and M. S. Take “Selection of work piece  

combination using MADM methods for CNC turning 

operation”, International Journal of Advanced 

Engineering Technology (2015). 

[7] R Raj (2000) An interdisciplinary framework for the 

design and life prediction of engineering systems. Trans 

ASME, Journal of Engineering Materials Technology 

122:348–354. 

[8] Afshari, M. Mojahed, R. M. Yusuff, ―Simple Additive 

Weighting approach to Personnel Selection problem‖ 

International Journal of Innovation, Management and 

Technology, Vol. 1, No. 5, December 2010. 

[9] P. TalebiFard, Victor C.M. Leung, ―Context-Aware 

Mobility Management in Heterogeneous Network 

`Environments‖ Journal of Wireless Mobile Networks, 

Ubiquitous Computing, and Dependable Applications, 

volume: 2, number: 2, pp. 19-32. 


