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Abstract-It is well known that the relation between different 

input process parameters and surface roughness in all 

machining operations. The same things happen in turning 

operation also. In turning operation, the input parameters 

speed, feed, depth of cut etc. affect the surface finish. Many 

engineer and researchers have tried to do optimize of this. But 

still, there is a gap in determining of the exact contribution of 

speed, feed and depth of cut (S, F&D) to get optimum surface 

finish. 

 Taguchi method is efficient method for designing process that 

operates consistently and optimally over a variety of conditions. 

Taguchi approach to design of experiments easy to adopt and 

apply for users with limited knowledge of statics, hence gained 

wide popularity in the engineering and scientific community. The 

desired cutting parameters determined by handbook. Cutting 

parameter are reflected on surface roughness.  

Keyword:-ANOVA, Taguchi, surface finish, S/N ratio, orthogonal 

 array, Grey. 

 

                     I.  INTRODUCTION 

        A common process to manufacture parts to a precise 

dimension has the removal of excess material by 

machining operation with the help of cutting tool. Turning process 

is the one of the methods to remove material from cylindrical and 

non-cylindrical parts. Taguchi method is a dominant tool for the 

design of high quality systems. It offers simple, effective and 

methodical tactic to optimize design for performance, quality and 

cost. Taguchi method is efficient method for designing process 

that operates consistently and optimally over a variety of 

conditions. Taguchi approach to design the of experiments easy to 

adopt and apply for users with limited knowledge of statics, hence 

grew wide popularity in the engineering and scientific 

community.  

 

II.     PHYSICAL DESCRIPTION OF THE PROBLEM 
 

Equipment’s used in the Machining Process: High Speed 

Precision Lathe NH22 

Cutting Tool Used: Tungsten Carbide Tip Tool 

Work Piece Used: Mild steel bars of diameter 32mm and length 

200 mm. 

Roughness Measurement: Surface Profile Roughness 

measurement has been done using a portable stylus-type 

profilometer,  

Process variables and their limits for L27 

 

 

 

 

 

 

 

 

 

 

 

TABLE 1. 

I.  EXPERIMENTATION 

        Design of experiment techniques, i.e. Taguchi’s 

technique has been used to accomplish the objective. L27 

orthogonal array used for conducting the experiments.  

ANOVA and factorial design technique is employed to 

analyse the PC and influence of Process Parameters. 
 

I. RESULTS AND DISCUSSION 

The results and discussion of the present work mainly consists of 

the following; 

i. Percentages contribution of input variables on surface 

finish using Grey Relational Analysis technique. 

ii. Percentages contribution of input variables on Ra, 

MMR&PC using Grey Relational Analysis technique. 

iii. Percentages contribution of input variables on Ra, 

MMR&PC using Weighted Signal to Noise Ratio 

(WSNR) technique. 

iv. Percentages contribution of input variables on Ra, 

MMR&PC using Multi-Response Signal-to-Noise Ratio 

(MRSN) technique. 

3.1. Percentages contribution of input variables on multi 

response using Taguchi using Gray relational analysis 

(GRA) 

The data obtained from the experiments (L27) have been 

used to get the PC of the input variables. 

Experimental Results For 𝐿27 

 

 

 

 

 

 

 

 

 

Levels Speed 

(RPM) 

Feed 

(mm/rev) 

Depth of 

Cut (mm) 

1 740 0.09 0.15 

2 580 0.07 0.10 

3 450 0.05 0.05 
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TABLE 2. 

 
Figure 1: variation of Gray relational grade 

Level of 

parameters 

Speed (S) Feed (F) Depth of cut 

(D) 

1 0.545929 0.58486 0.597382 

2 0.601041 0.581399 0.570396 

3 0.603217 0.583927 0.582409 

Delta(Max-

Min) 

0.057288 0.003461 0.026986 

Rank 1 3 2 

TABLE 3.( ANOVA Results for Gray relational analysis) 

 

 

 

 

 

 

 

 

 

 

 
Figure 2:  variation of level average of parameters 
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TABLE 4. 

 
 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 

 

 

 
Figure 3: PC of factors 

 

It is observed from above (L27-GRA) analysis that S3-F1-

D1 is the optimal combination for getting best output 

results and corresponding Gray relational grade is 

0.547442. The best output results mean the combination of 

all output parameters, these are surface finish, MRR and 

power consumption with equal weightage. The PC of speed 

is 5.23 %, of feed is 20.91 % and of depth of cut is 0.52 %. 

Similarly, the PC of speed and feed is 20.99%, of speed 

and depth of cut is 5.53%, of feed and depth of cut is 

16.18%, and the combination of S, F&Dof cut is 30.62%. It 

indicates that, for the above ranges of input levels, the feed 

is most (single) effective parameters and as a combination, 

S-F-D is most effective. 
 

Percentages contribution of input variables on surface finish 

using weighted signal-to-noise ratio technique. 

Using the data obtained from the table (Table 5.7), the weighted 

signal-to-noise ratio (WSN) of input variables have been 

calculated. 

 

 

Table 3.4: weighted S/N ratio for L27 

S

.

N
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Figure3.4: Variation of WSN 

 

Table 3.5: Level Average for WSN 
Level Speed (S) Feed(F) Depth of 

Cut 

1 0.498343 0.56548 0.561307 

2 0.597292 0.554062 0.54204 

3 0.583212 0.559306 0.57550 

Delta (Max-

Min) 

0.098949 0.011418 0.03346 

Rank 1 3 2 

 

 
Figure 3.5: Variation of level average of parameter 

 
Table 3.6: ANOVA for WSN: 

Fa  SS  DOF  MS PC 

S 0.004096 2 0.0020478 1.672439 

F 0.017957 2 0.0089788 7.332784 

D 0.01138 2 0.0056848 4.646902 

S*F 0.080264 4 0.0200659 32.77565 

S*D 0.028104 4 0.0070261 11.47643 

F*D 0.050021 4 0.0125052 20.42596 

S*F*D 
0.053067 

8 0.0066334 
21.66987 

Error ----------- 0 ------------ ------------ 

Total 0.2448879 26 ----------- 100 

 

 
Figure 3.6: PC of input parameters 

 

       It is observed from above (L27-WSN) analysis that S2-

F1-D3 is the optimal combination for getting best output 

results and corresponding weighted signal-to-noise ratio is 

0.619715. The best output results mean the combination of 

all output parameters, these are surface finish, MRR and 

power consumption with equal weightage. The PC of speed 

is 1.67 %, of feed is 7.33 %, and of depth of cut is 4.64 %. 

Similarly, the PC of speed and feed is 32.77%, of speed 

and depth of cut is 11.48%, of feed and depth of cut is 

20.43%, and the combination of S, F&Dis 21.67%. It 

indicates that, for the above ranges of input levels, the feed 

is most (single) effective parameters and as a combination 

S-F is most effective. 

Percentages contribution of input variables on surface 

finish using Multi-response signal-to-noise ratio 

technique. 

Using the data obtained from the table (Table5.7), the 

multi-response signal-to-noise ratio (MRSN) of input 

variables have been calculated. 
 

Table 3.7: Multi-response signal-to-noise ratio 
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Figure 3.7: variation of MRSN 

 

Table 3.8: Level average of MRSN 
Level Speed (S) Feed (F) Depth of Cut (D) 

1 0.309898 0.944874 0.743962 

2 1.444788 0.53144 0.16275 

3 -0.30744 -0.02906 0.540537 

Delta 
(max-

min) 

1.752228 0.973934 0.581212 

Rank 1 2 3 

 

 
Figure 3.8: variation of MRSN of input parameters 

 
Table 3.9: ANOVA for multi-response S/N ratio: 

 

Fa  SS  DOF  MS PC 

S 3.4258 2 1.7129 3.41181 

F 15.4770 2 7.7385 15.4138 

D 7.2379 2 3.61895 7.20834 

S*F 16.2841 4 4.07102 16.2176 

S*D 3.8167 4 0.954175 3.8011 

F*D 12.9914 4 3.24785 12.9383 

S*F*D 41.1786 8 5.147325 41.0018 

Error ----------- -------- ------------ ----------- 

Total 100.4115 26 ------------ 100 
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Figure 3.9: contribution of parameters 

 

It is observed from above (L27-MRSN) analysis that S2-F1-

D1 is the optimal combination for getting best output 

results and corresponding multi-response signal-to-noise 

ratio is 0.924494. The PC of speed is 3.41 %, of feed is 

15.41 %, and of depth of cut is 7.20 %. Similarly, the PC of 

speed and feed is 16.21%, of speed and depth of cut is 

3.80%, of feed and depth of cut is 12.93% and the 

combination of speed, feed, and depth of cut is 41.00%. It 

indicates that, for the above ranges of input levels, the feed 

is most (single) effective parameters and as a combination 

S-F-D is most effective. 
 

Table 3.10: compression of different optimise results 

Optimization  

method 

Performance 

characteristics 

Optimized 

setting 

SN ratio 

GRA(m) GRG(m) S3F1D1 0.547442 

WSN(m) WSN ratio S2F1D3 0.619715 

MRSN(m) MRSN ratio S2F1D1 0.924494 

 

From the above table, it is observed that for single 

response, combination S1-F1-D1 is the best for getting best 

surface finish. Also it is observed that combinations of 

input parameters for multi response optimization are 

different when the different techniques used. Since the SN 

ratio is highest in MRSN technique, so S2-F1-D1 

combination can be chosen for getting best multi response 

output. 

 

IV.           CONCLUSIONS 

In present work, turning operation has been optimised and 

PC of parameters calculated with different optimisation 

techniques. On the basis of results, the following 

conclusions can be drawn. 

1. In the multi response optimization, feed is effective 

(single) parameter, which is evaluated by all the three 

techniques (GRA, WSN, and MRSN). 

2. For multi response, optimal parametric settings for 

GRA, WSN, and MRSN, are S3-F1-D1, S2-F1-D3, 

and S2-F2-D1 respectively. Hence, there has been 

considerable difference among the optimal settings 

yielded by the methods investigated. 

3. On the basis of computations performed, MRSN 

method yielded highest magnitude of S/N response 

(0.924494dB) and therefore, its outcomes S2-F2-D1 

can be recommended for getting best output results. 
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