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Taguchi, is reached as a result of combining three tools. 

To analyze and evaluate the numerical results 

Orthogonal experimental design 

The S/N (signal / noise) ratio and ANOVA (analysis of variance) 



Stages of Taguchi Method

 

Turning Tests 

Selection of The Array Ortognal 

S/N Ratio 

Anova Analysis 

Determination of the most 
appropriate Cutting Conditions 

                     Conclusions 

Determining Cutting Conditions 







 
  

  

 

 

 

 

 

 

 

 

Taguchi method, the signal/noise (S/N) ratio 
depends on the performance characteristics of the 

three basic uses. 



An experimental study 
 

Method 

 Material 

Orthogonal design 

 Cutting conditions 

 Cutting force and surface roughness 
measurement 

 Taguchi Analysis 

 

An Experimental Study 



 • Control factors 
 V : Cutting speed 
 f: Feedrate 
     : Cutting tool 
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(Cutting 

force-
Surface 
finish) 

METHOD 



The experimental setup 

and surface roughness Ra 



 
 

MATERIALS 



Chemical composition 

Elements        Inconel 625 Hastelloy X 

Carbon (C) 1 

Silicon (Si) 0.1 0.08 

Chrome (Cr) 22 20.5-23 

Nickel (Ni) + Cobalt (Co) 58,08 51 

Molybdenum (Mo) 9,1 8-10 

Manganese (Mn) 11 0.8 

Phosphorus (P) 0.015 

Sulfur (S) 0.01 

Iron (Fe) 4.73 17-20 

Cooper (Cu) 

Niobyum (Ni) +Tantal (Ta)  5.325 

Aluminium 

Titanium (Ti)   0.33 



15 

Levels 

Parameters 

F 

(mm/rev) 

 

(A) 

 

V   

(m/min) 

 

(B) 

 

Tool 

 

 

(C) 

 

1 0.1 65 K313 

2 0.15 80 KT315 

3 100 KC9240 



The Experimental setup 
 

The experimental setup 
Orthogonal design L18 2x (3)³ 



Types of cutting tools 

Cutting Tools 

Covered tools 

KT315 KC9240 

Uncovered  

K313 

Types of cutting tools 
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Taguchi 

Optimization 

Predict Correction experiment 

Level A1B3C2 A1B3C2 

Cutting conditions 
0,10 100 KT315 0,10 100 KT315 

Surfage roughness 

(Ra) 

780,389 765 

S/N ratio 
-57.717 -57,673 

According to Fz 

 

S/N Smaller is better 

 

 

 

 

 

Average 

S/N ratio 

Feed rate  Cutting speed 

Cutting tool 

ANOVA ANALYSIS of INCONEL 625(Fz) 
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Average 

S/N ratio 

According to Ra’ 

S/N Smaller is better 

Feed rate         Cutting speed 

Cutting tool 

. 

Taguchi 

Optimization 

Predict Correction experiment 

Level A1B3C3 A1B3C3 

Cutting conditions 
0,10 100 KC940 0,10 100 KC9240 

Surfage roughness 

(Ra) 

0.280 0.179 

S/N ratio 
-11.350 -14.942 

ANOVA ANALYSIS of INCONEL 625(Ra) 



Taguchi Optimization  Predict    Correction experiment  

Level  A1B3C2 A1B3C2 

Cutting conditions  0.10 100 KC9240 0.10 100 KC9240 

Cutting force 562 598 

S/N ratio  
-54.99 -55.53 

S/N Smaller is better 

 

 

 

 

Average 

S/N ratio 

According to Fz 

 



 

Taguchi Optimization  Predict    Correction experiment  

Level  A1B3C2 A1B3C2 

Cutting conditions  0.10 100 KC9240 0.10 100 KC9240 

Surface roughness  1.050 1.667 

S/N ratio  
-0.423 -4.43 

 

 

 

 

Average 

S/N ratio 

According to  Ra 

S/N Smaller is better 



Parameters 
Degree of 

freedom (Dof) 
Sum of squares Means of squares F 

P 

(p<0.05) 

Effect of 

parameter (%) 

Feed rate 1 181805 181805 57.75 0.002 65.99 

Cutting speed 2 30700 15350 4.88 0.085 11.14 

Cutting tool 2 13213 6607 2.1 0.238 4.80 

Error 12 12592 3148 4.57 

Total 17 275517 100 

Parameters 
Degree of 

freedom (Dof) 
Sum of squares Means of squares F 

P 

(p<0.05) 

Effect of parameter 

(%) 

Feed rate 1 4.1424 4.1424 56.56 0.002 33.15 

Cutting speed 2 0.18817 0.09408 1.28 0.371 1.51 

Cutting tool 2 5.04646 2.52323 34.45 0.003 40.38 

Error 12 0.29294 0.07323 2.34 

Total 17 12.4974 100 

Table 6. ANOVA results for the main cutting force (Fz) S/N ratio  in  Inconel 600 

 



  

Parameters 

Degree of 

freedom 

(Dof) 

Sum of 

squares 

Means of 

squares 
F 

P 

(p<0.05) 

Feed rate 1 138,24289 138,2429 28,4011 56,13 

Cutting speed 2 46,80772 23,4039 4,8082 19,00 

Cutting tool 2 2,80624 1,4031 0,2883 01,13 

Error 12 58,41029 4,8675 23,71 

Total 17 246,26714 100,00 

Parameters 

Degree of 

freedom 

(Dof) 

Sum of 

squares 

Means of 

squares 
F 

P 

(p<0.05) 

Feed rate 1 14.457 14.4571 24.44 34.02 

Cutting speed 2 5.066 2.533 4.28 11.92 

Cutting tool 2 15.872 7.9361 13.42 37.35 

Error 12 7.098 0.5915 16.70 

Total 17 42.294 100.00 

INCONEL 625 (Fz) 

INCONEL 625(Ra) 



  CONCLUSIONS  

• It was observed that while cutting tool (37.35 %) and feed rate (34.02%)  has higher 
effect on cutting force in Inconel 625, the feed rate (65,99%) and cutting speed 
(11,14) has higher effect on cutting force in Hastelloy X. 
  
• While feed rate (56.13%) and cutting speed (19.00%) has higher effect on average 
surface roughness ın Inconel 625, cutting tool (40,38 %),  and feedrate (33,15%) has 
higher effect on average surface roughness in Hastelloy X.  
 
• Array of parameters by the Taguchi method, the optimization of cutting 
parameters has been shown an efficient methodology. 

  
• In turning operations average surface roughness and cutting forces can be 
controlled by three factors (cutting tool, cutting speed and  feed rate). 
 
• Using results of analysis of variance (ANOVA) and signal-to–noise (S/N) ratio, 
effects of parameters on both average surface roughness and cutting forces were 
statistically investigated according to the "the smaller is better" approach. 
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