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Abstract - To improve the quality of the milling, the optimal combination of milling parameters is chosen using grey fuzzy 

hybrid analysis. The aim of this paper is to optimize machining parameters which greater response and to develop the 
multiple attribute decision making strategy with fuzzy approach. The selected control parameters are cutting speed, feed, 
axial depth of cut and redial depth of cut. The process parameters are designed by L16 orthogonal array based on Taguchi 
design. Factors are response were calculated. The results of confirmation experiments reveal that grey–fuzzy hybrid method 
can effectively optimize an optimal combination of the process parameters. 
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I. INTRODUCTION 

 

Accuracy gives much better finished goods and 

reducing the machining process. This process play 

significant role in manufacturing market. Apart from 
quality, there exists another criterion, called 

productivity which is directly related to the profit 

level and also goodwill of the organization. In 

machining operations, achieving desired surface 

quality features of the machined product, is really a 

challenging job. Because, these quality features are 

highly correlated and are expected to be influenced 

directly or indirectly by the direct effect of process 

parameters or their interactive effects.  

 

In many applications Multi-objective optimum 
problems are widely discussed Kacprzyk et al. (2002) 

proposed some solution concepts in group decision 

making with intuitionistic fuzzy preference relations, 

such as intuitionistic fuzzy core and consensus 

winner, etc. Szmidt and Kacprzyk (2003) investigated 

the consensus-reaching process in group decision 

making based on individual intuitionistic fuzzy 

preference relations. Lin et al. (2005) use of the grey-

fuzzy logic based on orthogonal array for optimizing 

the electrical discharge machining process with multi-

response.Li et al. (2009) developed a new 

methodology for solving multiple attribute group 
decision making problems using IFS, in which 

multiple attributes are explicitly considered. In this 

methodology, for each decision maker in the group 

two auxiliary fractional programming models are 

derived from the TOPSIS to determine the relative 

closeness coefficient intervals of alternatives, which 

are aggregated for the group to generate the ranking 

order of all alternatives by computing their optimal 

degrees of membership based on the ranking method 

of interval numbers. Yang et al. (2012) has optimized 

these properties, a method combining the grey, fuzzy 
and Taguchi approaches were established. While 

using the developed grey-fuzzy Taguchi method, the 

experimental results from four properties can be 

integrated into a performance index. Pattanaik, et al. 

(2013) focuses on optimizing the injection process 

parameters with multiple performance characteristics 

in the investment casting process using the 

orthogonal array with grey–fuzzy logics. The main 
objective of this study is to employ grey relational 

analysis and fuzzy logic to establish the optimal 

setting of milling parameters. Similar hybrid 

approach has been successfully utilized has past 

researchers (Pandey and Panda 2014; 

Krishnamoorthy et al. 2012; Yang and Huang 2012) 

for process optimization under complex and uncertain 

environment. 

 

It is evident form the literature, although considerable 

research work has been reported on the multi 
objective  optimization of milling machine and other 

machining parameters in order to obtain favorable 

output responses like MRR and  SR, hybrid 

optimization methodology has been rarely used in 

milling machining process. So predict this problem, 

sixteen combinations of milling machining operation 

are to be taken. Milling is the process of machining 

flat, curved, or irregular surfaces by feeding the work 

piece against a rotating cutter containing a number of 

cutting edges. In this process we perform end milling 

operation on workpiece and calculate material 

removal rate (MRR) and surface roughness (SR).  
 

II. MATERIALS AND METHODS 

 
Preparing milling machine for milling tests were 

conducted on vertical machining center. Machining 

was performed with a 20 mm diameter end-mill tool 

holder for investigating the effect of four factors 

(cutting speed, feed, axial and radial depth of cut) on 

the cutting force generated when end milling of CVD 

coated carbide tools have been used. The tool inserts 

were made by Kennametal and had an ISO catalogue 

number of SPCB120308 (KC735M).  The detail of 
tool is given below.  

 Cutter diameter = 8mm 
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 Overall length = 108 mm 

 Fluted length = 38 mm 

 Helix angle = 300 

 Hardness = 1570 HV 

 Density = 14.5 g/cc 

 Transverse rupture strength =3800 N/mm2. 

 

The workpiece used in this process was P20 mould 

steel of flat work pieces of 100 mm ×100mm ×10mm 

and the density of the material in metric units is 

7.85x103 kg/m3 hardened to 310 HB. The end mill 

can be equipped with two square inserts whose all 

four edges can be used for cutting. Sixteen 
combinations of process parameter are prepared by 

orthogonal array in DOE for finding output 

responses.  On the basis of Table 1, it is clear that 

there are four factors and four levels used in the 

experiment. Results of the experiments have been 

shown in Table 2. 

 

S 

N. 

Cutting 

Speed  

(V) 

m/min 

Feed 

Rate  

(f) 

mm/tooth 

Axial  

depth of 

cut  

(D) mm 

Radial 

Depth of 

Cut 

(d) mm 

1 80 0.125 0.5 0.3 

2 85 0.15 0.75 0.4 

3 90 0.175 1 0.5 

4 95 0.2 1.5 0.6 

Table 1 Process variables and their limits 

 

S 

N

. 

V f D d SR MRR 

m/mi

n 

mm/toot

h 
mm 

m

m 
µm 

mm3/mi

n 

1 80 0.125 0.5 0.3 
0.9

6 
0.0187 

2 80 0.15 
0.7

5 
0.4 

1.1

8 
0.045 

3 80 0.175 1 0.5 
1.1

2 
0.0875 

4 80 0.2 1.5 0.6 
0.8

4 
0.18 

5 85 0.125 
0.7

5 
0.5 

0.8

2 
0.0468 

6 85 0.15 0.5 0.6 
1.4

4 
0.045 

7 85 0.175 1.5 0.3 
0.7

4 
0.0787 

8 85 0.2 1 0.4 
0.9

2 
0.08 

9 90 0.125 1 0.6 
1.0

8 
0.075 

1

0 
90 0.15 1.5 0.5 1.1 0.1125 

1

1 
90 0.175 0.5 0.4 

1.1

8 
0.035 

1

2 
90 0.2 

0.7

5 
0.3 

0.8

4 
0.045 

1

3 
95 0.125 1.5 0.4 

0.5

6 
0.075 

1

4 
95 0.15 1 0.3 

0.4

8 
0.045 

1
5 

95 0.175 
0.7

5 
0.6 

0.5
8 

0.0787 

1

6 
95 0.2 0.5 0.5 

0.5

6 
0.05 

Table 2 Experimental results 

 

Grey Relation Analysis: 

The grey means the primitive data with poor, 
incomplete, and uncertain information in the grey 

systematic theory; the incomplete relation of 

information among these data is called the grey 

relation. First, the grey relation analysis was carried 

out to normalize the responses; surface roughness 

was normalized by given equation (1) and material 

removal rate was normalized by given equation (2). 

 

For higher-the-better criterion, the normalized data 

can be expressed as, 

 

𝑋𝑖 =
 𝑦 𝑖 − min 𝑦 𝑖

max 𝑦 𝑖 − min 𝑦 𝑖
              … . . (1) 

 

For lower-the-better criterion, the normalized data 

can be expressed as, 

 

𝑋𝑖 =
𝑚𝑎𝑥 𝑦 𝑖 −  𝑦 𝑖

max 𝑦 𝑖 − min 𝑦 𝑖
              … . . (2) 

 

𝑤ℎ𝑒𝑟𝑒 𝑖 = 1,2… . . 𝑛 
 

The calculation of the grey relational coefficient and 

the weight of each quality characteristic is determined 

by equation (3): 

𝐺𝑖 =
𝐿𝑚𝑖𝑛 + 𝜀𝐿𝑚𝑎𝑥

𝐿𝑖(𝑘) + 𝜀𝐿𝑚𝑎𝑥

               …… . . (3) 

 

Where, Lminis the global minimum, Lmax is the global 

maximum and ε is distinguish coefficient which is 

taken in between 0  to 1 in this case 0.5 weight is 

taken.  

 

Grey–fuzzy logic 

The fuzzy structure was made by two input and one 
output on the basis of designed membership function 

and fuzzy rule. A fuzzy logic unit comprises of a 

fuzzifier, membership functions, a fuzzy rule base, an 

inference engine, and a defuzzifier. In the fuzzy logic 

analysis, the fuzzifier uses membership functions to 

fuzzify the grey relational coefficient, as it contains 

some degree of uncertainty and vagueness with 

respect to response characteristic. A membership 

function is used to determine how each value is 

mapped to a membership value between 0 and 1. The 

grey–fuzzy reasoning grade (GFRG) are estimated by 

fuzzy interface system (FIS) for the multi-response 
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results, plot mean graph based on GFRG which gives 

optimal output. The grey-fuzzy method is applied by 
following steps written below: 

 

 Designing an appropriate orthogonal array to 

plan the experimental design and determining the 

level of parameters. 

 Conducting the experiments based on the 

orthogonal array. 

 Normalized the responses of experimental results 

using equations 1 and 2. 

 Computing grey relational coefficients from the 

normalized values using equation 3. 

 Fuzzily the grey relational coefficients of each 

response by membership function and fuzzy 

rules. 

 Calculating the fuzzy multi-response output by 

defuzzification of the output linguistic variables 

into crisp values, i.e., grey–fuzzy reasoning 

grade (GFRG). 

 Performing the response table and response 

graph to select the optimal level setting of 

injection process parameters. 

 Analysing the grey–fuzzy reasoning grade with 
ANOVA. 

 Conducting confirmation test and verifying the 

optimal setting of process parameters. 

 

III. RESULT AND DISCUSSIONS 

 

In this study, the FIS analysis the GFRG. FIS are also 

called fuzzy- rule-based system, which transforms the 

fuzzify crisp input values of into suitable linguistic 

values; a rule base, which contains numerous fuzzy 

rules; a database, which concludes the definite 

membership functions of fuzzy sets; a decision-
making unit, which progresses the inference 

operations from the rules; and a 

defuzzificationinterface, which transforms the 

inference fuzzy results into crisp values. MATLAB 

toolbox FIS is used for finding the grey–fuzzy 

reasoning grade (GFRG). The inputs for the fuzzy 

logic system are the grey relational coefficients 

obtained for surface roughness and material removal 

rate of milling operation. The used of tool box is 

shown in Fig 1. The normalized value of response, 

grey relation coefficient and GFRG is shown in Table 
3. 

 

Normalized GRC GFRG 

SR MRR SR MRR 

0.50 0.000 0.5000 0.3333 0.4723 

0.27 0.163 0.4068 0.3740 0.4076 

0.33 0.426 0.4286 0.4654 0.4102 

0.63 1.000 0.5714 1.0000 0.7945 

0.65 0.742 0.5853 0.6596 0.5700 

0.00 0.163 0.3333 0.3740 0.4065 

0.73 0.372 0.6486 0.4432 0.5100 

0.54 0.380 0.5217 0.4464 0.4875 

0.38 0.349 0.4444 0.4344 0.4137 

0.35 0.582 0.4363 0.5444 0.4364 

0.27 0.101 0.4068 0.3574 0.4076 

0.63 0.163 0.5714 0.3740 0.5076 

0.92 0.349 0.8572 0.4344 0.6273 

1.00 0.163 1.0000 0.3740 0.6300 

0.90 0.372 0.8275 0.4432 0.5987 

0.92 0.194 0.8572 0.3828 0.6273 

Table 3 Steps of Grey-fuzzy response  

 

The mean of the GFRG for each level of the 

deposition control factors can be summarized in Fig. 

2 in this graphs shows the main effect plot of GFRGs 

for each level of control factor. Generally, the optimal 
combination of control factor levels can be 

determined by selecting the lowest level of surface 

roughness and largest level of material removal rate 

for each control factor. The grey–fuzzy reasoning 

grades are measured by the sum of the squared 

deviations from the total mean of the grey–fuzzy 

reasoning grade. ANOVA was performed to 

investigate which injection process parameters 

significantly affect the performance characteristic as 

shown in Table 4. 

 
Fig. 1 Fuzzy Interface System 

 
Fig. 2 Main effect plots for GFRG 

 

Source DF Seq SS Adj MS F P 

V 3 0.06824 0.022746 1.92 0.303 
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F 3 0.04422 0.014740 1.24 0.431 

Ad 3 0.03249 0.010829 0.91 0.528 

Rd 3 0.01078 0.003593 0.30 0.823 

Residual 

Error 

3 0.03553 0.011843   

Total 15 0.19125    
Table 4 ANOVA Result of GFRG 

 

Parameter Initial 
Optimum 

Prediction Experiment 

Speed 80 95 95 

Feed 0.175 0.2 0.2 

Axial Depth of 

Cut 
1 1.5 1.5 

Radial Depth of 

Cut 
0.5 0.6 0.6 

GFRG 0.410 0.6299 0.6379 
Table 5 Confirmatory test 

 

Conformation test has been done on the basis of 

optimized combination and find its GFRG as shown 

in Table 5.  

 

CONCLUSION 

 
This paper presented a grey-fuzzy method for 

optimization of the multiple responses to conclude 

that all 16 parameter. The optimization performed on 

output responses but better output found in one 
combination factor is determined by Grey Fuzzy 

method. Grey relation theory has been converting the 

multi objective problem into single objective 

problem. In future this data can be optimizing by 

fuzzy based genetic algorithm.  
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