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Abstract— Manufacturing is heart of the industrialization sector. In manufacturing system were involves number of 
operation such as turning, milling, drilling, grooving, threading etc. In turning main focus area is surface roughness of that 
component and its surface roughness mainly depend on the cutting tool insert. The aim of this paper is to selecting 
appropriate cutting tool insert by using multiple attributes decision making method (MADM). Multiple attributes decision 
making method which is ranking method to selection of two or more alternative material. MADM having several types is 
this analysis used to weighted product method (WPM) and Analytical hierarchy process (AHP) method to selecting 
appropriate cutting tool insert among the other cutting tool insert. In this research five numbers of alternative cutting tools 
insert and five specifications for material selection is used for optimum design.  
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I. INTRODUCTION 
 
In manufacturing industries it is a challenging to 
focus on the achievements of high quality, like 
surface finish, lowest rework rate, higher production 
rate, less cutting tool wear and cost saving improve 
the production profit. In turning operation surface 
roughness play important role. Now a day all 
operation had done on automatic computer numerical 
control (CNC) or vertical machining Centre (VMC) 
that’s why accuracy is increasing. 
 
CNC machine widely used in industries now a day, 
there are several operation done on CNC but turning 
is first and most preferable machining process. 
Surface roughness is depend on number of factor type 
of cutting tool, flow of coolant, tool geometry, work 
piece geometry process parameter such as spindle 
speed , feed , depth of cut, cutting velocity. In CNC 
machine many cutting tool insert are available for 
turning. Among the best quality of insert selected by 
multiple attributes decision making method 
(MADM). In past lot of research done on MADM 
method which having different such as simple 
Addictive method (SAW), weighted product method 
(WPM), Analytical Hierarchy process (AHP), 
Technique for order preference by similarity to ideal 
solution (TOPSIS) and Revised Analytical Hierarchy 
process for material selection. 
 
II. LITERATURE REVIEW 
 
Material selection is not depending on single criteria 
which are based on type of application, material, 
requirement etc. R. VenketaRao have studied the 
suitable material selection comparing other material 
or operation the processes based on combination of 
TOPSIS and AHP method that help to rank the work 
materials [1]. V. P. Darji and Rao were studies about 

best way to material selection using decision making 
method in sugar industries. In these industries 
corrosion is major part which is reducing by selection 
of proper material in acidic nature in sugar cane [2]. 
ShvaniRaygor and M. S. Tak to study of appropriate 
tool selection of turning by using MADM of method 
of different cutting tool insert such as CCMT09 T3 
02 PF, VBMT16 04 02 PF, DNMTS 04 12 PF, 
TNMG 22 04 08 PF, SCMT 09 T3 04 PF for 
finishing operation they concluded the noise radius is 
increases then surface roughness is also increase [3]. 
Abhang had done work on to selection of best 
lubrication by MADM help of AHP and TOPSIS 
method. Both methods is solving complex problem of 
manufacturing environment [4]. Sanjay chukroborty 
and Vijay Athwale also used TOPSIS method used to 
selecting specification and cost of machine [5]. 
Nikunj Patel and R. K. Patel are study on tool insert 
selection in CNC turning by using MADM. In 
MADM they used SAW and WPM method [6]. 
Rajesh Kumar and Jagdish are selecting appropriate 
material by different alternative material [7]. B. K. 
Patel and R. V. Rao using decision making method to 
selecting robot with different capability application 
wise, specification to best combination robot 
autonomous system selection [8]. K. G. Nikam and S. 
S. Kadam to study on using SAW and WPM 
selection of cutting tool insert in turning operation 
[9]. Vipin and Rangnath had done survey on 
machining parameter effect on turning operation [10]. 
ThirmalaiR.andSenthilkumar by help of MADM 
selecting single solution which evaluate rank of 
machining condition and higher rank solution is 
selected as the best solution [11]. Abhang and 
Hameedullah are presenting of using combination of 
AHP and TOPSIS method to select process parameter 
and surface roughness [12]. MADM method not only 
handle problem effectively but also the resolve 
difficulty. 
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III. METHOD 
 
3.1 Weighted Product Method 
Weighted product method is simple method as 
compare to other method except simple addictive 
weighted method, because it similar to that method. 
The overall or composite performance source of an 
alternative is given by equation 1 

 
Each normalized value of an alternative with respect 
to an attribute, i.e., (mij) normal, is raised to the power 
of the relative weight of   the corresponding 
attributes. The alternative with the highest Pi value is 
considered the best alternative [13]. 
 
3.2 Analytic Hierarchy Process 
The step of methodology as follow 
Step-I: Identify the material selection attributes for 
the given engineering application and short list the 
material on the basis of the identified attributes 
satisfying the requirement and given to weight of 
relative importance [14]. 
Step-II: Construct normalized data table base on real 
table given to relative importance to each attributes. 
Step-III: With the help of saaty’s scale to creating 
compares for pair wise of that attributes table in 
matrix form [15]. 
Step-IV: After find out geometric mean (GMj) and 
relative normalized weight (Wj) for each attributes. 
Step-V: Determine the maximum Eigen value (λmax) 
and calculating consistency ratio based on 
consistency index (CI)CR= (CI/RI). 
If consistency ratio is less than 0.1 then it is 
acceptable and proceeds to final step. 
Step-VI: In final step normalized data table value 
multiply with relative normalized weight (Wj) and 
arrange descending order. 
 
IV. CASE STUDY 
 

Table 1: Attributes for cutting tool insert 

 
1. Insert-CNMMG120408CT,  
2. Insert-CNMG120404CT,  
3. Insert-CNMG120412CT,            
4. Insert-CCMT09T302PF,    
5. Insert-CCMT09T304PF. 
 
Here, five alternative tool are available each cutting 
tool insert having five different specification given in 
table. 
 
4.1 Weighted Product Method 
In this weighted product method each cutting tool 
insert having five category or specification which 

having five different weighted depend upon relative 
importance. Here nose radius, chip breaker, relief 
angle, nose angle and angle of inclination weights are 
0.5, 0.2, 0.1, 0.1, and 0.1 respectively.  
 

Table 2: Normalized data for cutting tool insert 

 
 
By weighted product process method from equation 1 

Same way other cutting tool insert 
Insert-2 P2=3.577 
Insert-3 P3=5.00 
Insert-4 P4=3.32 
Insert-5 P5=3.49. 
Then, arranging cutting tool insert descending order 
as P3-P1-P2-P5-P4. The ranking gives based on relative 
important of tool insert. Insert 3 is first choice in 
manufacturing system then second choice is P1 
cutting tool insert and it is goes on up to P4. Weighted 
product method suggests that P3i.e., 
CNMG120412CT is best tool for radius surface 
roughness and increase cutting life of tool 
 
4.2 Analytical Hierarchy Process 
In this technique saaty’s scale use in a hierarchical 
structure with the help of series of pairwise 
comparisons [16]. Matrix form by weightage give to 
different insert attributes from saaty’s scale 

 
  
To find out the A2 matrix, first find out geometric 
mean (Gmj) of each attribute. 
1st row = (1*3*4*4*4)1/5 

Gm1=2.8619 
Similarly for all attributes 
Gm2=1.2142 
Gm3=0.6597 
Gm4=0.6597 
Gm5=0.6597 
Grand geometric mean = ∑ Gm=6.05 
W1= Gm1/Grand Gm =2.8619/6.0553 = 0.4726 
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W2= Gm2/Grand Gm =1.2142/6.0553 = 0.2005 
W3= Gm3/Grand Gm =0.6597/6.0553 = 0.1089 
W4= Gm4/Grand Gm =0.6597/6.0553 = 0.1089 
W5= Gm5/Grand Gm =0.6597/6.0553 = 0.1089 
 

 
Then, A3=A1*A 

 
 
Find out A4 matrix by A3/A2 

 
λ1= 5.0378, λ2= 5.0364, λ3=5.0055, λ4=5.0055, 
λ5=5.0055 
λmax=( λ1 +λ2+ λ3+ λ4 +λ5)/5 
λmax= 5.01814 
Find out the consistency index (C.I) 
C.I = (λmax-m)/(m-1) 
Where, 
 m= size of matrix 
 m= 5 
C.I= 0.004536 
Then, calculating consistency ratio(C.R) 
C.R= C.I/RI 
Where, RI= Random Index 
Random Index value table given below, 
 

Table.3- Random Index value 

 
 

C.R=0.004086 
If consistency index value is 0.004086< 0.1 then it is 
acceptable. 
Therefore, the converting table in normalized data 
table and multiply each attributes to matrix 2 value, 
P1=M11*W1+M12*W2+M13*W3+M14*W4+M15*W5 
P1= 0.666*0.4726+ 0.2005*1+ 0+ 1*0.1089 
+1*0.1089 
P1= 0.73305 
Similarly other attributes also, 
P2= 0.5756 
P3= 0.9998 
P4= 0.4300 

P5= 0.5088 
Arranging by the descending order P3-P1-P2-P5-P4, 
here shows that cutting tool insert 3 i.e. 
CNMG120412CT is right choices. By WPM and 
AHP both are same ranking gives to cutting tool 
insert hence cutting tool insert 3 is best.  
 
CONCLUSION 
 
In present study, Analytical hierarchy process and 
weighted product method are applied to five different 
type of cutting tool insert selection problem. The 
result are obtained ranking of cutting tool based on 
their performance for WPM 3-1-2-5-4 and for AHP 
method is 3-1-2-5-4 both of method gives same 
ranking. In comparing other cutting tool insert 3 
CNMG120412CT is best tool for better surface 
roughness and durability. Hence, MADM are rational 
method to selecting various manufacturing 
application in industries.  
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