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Abstract- It is well known that machining process monitoring is a crucial requirement in the successful implementation of 
the automated / unmanned operation of a plant. In metal cutting process, the effectiveness of cost-quality-time matrix largely 
depends upon the optimum selection of cutting parameters. In present approach, Taguchi method and analysis of variance 
(ANOVA) is employed to develop a turning process model in terms of process parameters viz. cutting speed, feed rate and 
depth of cut for achieving the optimum surface finish .This process model is then verified experimentally by machining 
EN19 material. 
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I. INTRODUCTION 
 
In today’s competitive environment the need of 
optimal use of the resources like CNC machines, is 
the important issue. Cutting parameters such as 
speed, feed, depth of cut, affect the production rate, 
quality and cost of component, during a machining 
operation.Gone are the days when the criterion for 
cutting parameter selection was only surface quality 
of components. The parameters thus selected were 
generally on the conservative side when compared 
with optimal parameters. 
 
Limited choice of the cutting parameters with the 
stepped drives and limitations on the part of cutting 
tools were the obstacles in the process of optimization 
in the early days. With the advent of stepless speed –
feed drives on the CNC machine tools (Fig.1) and 
development of cutting tools capable of cutting at 
exceedingly high speeds have made rigorous 
optimization feasible. Further with increase in the 
level of automation the idle time of operation has 
drastically fallen down and the indexable inserts have 
reduced the tool setup times considerably and made 
them comparable with machining time. All these have 
created tremendous scope in the field of optimization 
of cutting parameters.  
 

 
Figure 1: Two-axis CNC machine tool 

II. LITERATURE REVIEW 
 
Many researchers have contributed a lot for the 
optimization of machining parameters. J.S pang et.al. 
[1] introduces the application of Taguchi optimization 
methodology in optimizing the cutting parameters of 
end milling process for machining the halloysite  
nanotubes (HNTs) with aluminium reinforced epoxy 
hybrid composite material under dry condition. 
Vijay.S and Krishnaraj V. [2] optimizes the 
machining parameter like cutting speed, feed and 
depth of cut for minimizing the cutting forces induced 
during machining and to reduce the surface roughness 
of the machined parts. Alakesh Manna and Sandeep 
Salodkar [3] describes the procedure to obtain the 
machining conditions for turning operation 
considering unit cost of production as an objective 
function. The optimality conditions for single point 
cutting operations are determined based on the 
objective function using dynamic programming 
technique. Cakir and Gurada [4] considered the 
minimum production cast as the objective function to 
describe a procedure for evaluating the machining 
conditions during milling operations. Juan et.al. [5] 
developed an optimization algorithm using a 
simulated annealing method for minimizing 
producing cost during rough milling. Shunmugam 
et.al [6] optimized the machining parameters such as 
depth of cut in each pass, speed and feed using 
genetic algorithm to yield the minimum total 
production cost during face milling operations. 
Stockton and Wang [7] developed an advanced 
modeling technique using artificial neural network 
and verified the developed cost model with the 
standard cost model for a turning process. 
 
III. TAGUCHI AND ANOVA METHOD 
 
Taguchi developed a methodology for the application 
of designed experiments, including a practitioner’s 
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handbook. This methodology has taken the design of 
experiments from the exclusive world of the 
statistician and brought it more fully into the world of 
manufacturing. His contributions have also made the 
practitioner work simpler by advocating the use of 
fewer experimental designs, and providing a clearer 
understanding of the variation nature and the 
economic consequences of quality engineering in the 
world of manufacturing. It uses the signal-to-noise 
ratio instead of the average value to convert the trial 
result data into a value for the evaluation. The S/N 
ratio can be explained as:  
 
Nominal the best: 

퐒
퐍퐓 = ퟏퟎ 퐥퐨퐠

퐲
퐬퐲ퟐ

 

 
Larger is the better (maximize): 
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Smaller is the better (minimize): 
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퐧
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To obtain optimal cutting performance, the lower-the-
better quality characteristic for surface finish must be 
taken into consideration.  
 
ANOVA is used to determine which process 
parameters affect the performance characteristics. 
This is accomplished by separating the total 
variability of the S/N ratios, which is measured by the 
sum of the squared deviations from the total mean of 
the S/N ratio, into contributions by each of the 
process parameters and the error. To accomplish the 
analysis of variance (ANOVA) for relative 
contributions of machining parameters, Sum of 
squared deviations 퐒퐒퐓 from the total mean 퐒 퐍 ratio 
훈 is given by: 
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Where ‘퐦’ is the number of experiments in the 
orthogonal array and 훈퐢 is the mean S/N ratio for the 
퐢퐭퐡 experiment. It can further be expressed by the sum 
of two parts: 
1. Sum of squared deviations due to each 

process parameter 

퐒퐒퐏 =
퐬훈퐣

ퟐ

퐭

퐭

퐣 ퟏ

−
ퟏ
퐦 훈퐢

퐦

퐢 ퟏ

ퟐ

 

 
Where 퐏 represents one of the experimental 
parameters,  퐣 the level number of this parameter 퐏, 퐭 
the repetition of each level of the parameter 퐏, 퐬훈퐣 
the sum of the S/N ratio involving this parameter 퐏 
and level 퐣. 
 
2. The sum of squares from error parameters 

퐒퐒퐞 is 
퐒퐒퐞 = 퐒퐒퐓 − 퐒퐒퐀 − 퐒퐒퐁 − 퐒퐒퐂 

 
The corrected sum of squares 퐒퐏 can be calculated 
by: 
 

퐒퐏 = 퐒퐒퐏 −  퐃퐏퐕퐞 
 
The percentage contribution 훒 can be calculated 
from: 
 

훒 =
퐒퐏 
퐒퐒퐓

 

 
IV. EXPERIMENTATION 

 
4.1. Selection of Material 

EN19 (AISI4140) is classed as an Engineering Steel 
and this type of steels are normally used because of 
their extremely high strength. Applications of EN19 
include: Components of medium and large cross 
section, requiring high tensile strength and toughness 
for automatic engineering and gear and engine 
construction such as crane shafts, steering knocking 
connecting rods. Mechanical properties and chemical 
composition of AISI 4140 alloy steel which has been 
used in the experiments have been tested in IRC 
Engineering Services INDIA Pvt. Ltd., NOIDA. 
Results are tabulated in tables 1 and 2. 

 
Element

s 
C Si Mn Cr Mo F

e 
Percent

age 
0.35
47 

0.31
29 

0.72
82 

1.2
07 

0.29
76 

9
6
.Table 1: Chemical Composition 

HardnessB
rinell 

Tensil
e 

Streng
th, 

Tensil
e 

Streng
th, 

Modul
us of 
Elasti
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Thermal 
Conducti

vity 
(@100°197 655 

MPa 
415 
MPa 

205 
GPa 

42.6 
W/mK 

Table 2: Mechanical Properties 
 

4.2. Selection of CNC Machine and Cutting 
Tool 

The cutting experiments have been carried out on a 
BATLIBOI Sprint 16TC CNC lathe(fig. 1) using TiN 
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coated tools with the grade of P20 for the machining 
of AISI 4140 steel bars. In the tests, insert used are 
TT5100 CVD coated TNMG160404-MT. The 
specifications of CNC lathe is shown in table 3. The 
machining setup is shown is fig. 2. The feasible range 
for the cutting parameters as recommended by a 
machining handbook, i.e feed rate in the range of 0.1–
0.8 mm/rev, and depth of cut in the range of 0.4–0.8 
mm has been used. Therefore, the levels of the 
cutting parameters selected are shown in table 4. 
 

Main Specifications Sprint 16 TC 
Swing over Bed 400 mm 
Turning Dia 225 mm 
Turning Length  300 mm 
Power Chuck 165mm 
Spindle Speed 30  - 5000 rpm 
Spindle Motor 5.5 / 7.5 kw 
Z – axis Stroke 325 mm 
X – axis Stroke 125 mm 
Max.  No. of Tools in Turret 8 
Rapid Traverse 20 m / min 
Tail stock Hydraulic 

Table 3: CNC Machine Specifications 

 
Machining Parameters Levels 

  
1 2 3 

1 A : Depth of Cut (mm) 0.4 0.6 0.8 
2 B : RPM 600 800 1000 
3 C : Feed (mm/rev) 0.1 0.12 0.15 

Table 4: Cutting Parameters and their levels 
 

 
Figure 2: Machining Setup 

4.3. Orthogonal Array Experiment 
To select the appropriate orthogonal array for 
experiments, the total degree of freedom is needed to 
be computed. In this study, an L27 orthogonal array 
has been used. This array has twenty six degrees of 
freedom and it can handle three-level process 
parameters. The experimental layout & S/N ratio 
results for the machining parameters using the L27 
orthogonal array is shown in table 5. 
 

4.4. Evaluation of Surface Finish 
After machining of material it has been loaded on 
surface roughness tester machine (Mitutoyo Surftest 

SJ-301). The experimental setup for surface 
roughness testing (Ra) is shown in fig. 4 and the 
surface roughness profile is shown in fig. 3. 

 
Figure 3: Surface Roughness Profile 

 

 
Figure 4: Experimental setup for Surface Roughness testing 

 
Table 5: Experimental results and S/N ratio for Ra 
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V. ANALYSIS OF TEST RESULT 
 

5.1. Optimum parameter selection from S/N 
ratio 

The observed value of surface roughness (Ra) and the 
corresponding value of S/N ratio are listed in table 5 
and graphically presented in fig. 4 and fig. 5. From 
the S/N ratio plot for each parameter, the optimal 
cutting parameter values to minimize the surface are  
(0.4, 800, 0.1). 
 

 
Figure 5: Main effects Plot for S/N 

 

 
Figure 6: Mean signal-to-noise ratio graph 

 

5.2. Analysis of Variance (ANOVA) 
The response table mean S/N ratio for surface 
roughness factor and significant interaction is shown 
in table 6. The results of ANOVA for surface 
roughness (Ra) values are shown in table 7. From the 
table, it can be seen that feed rate contributes the 
most for the surface roughness. The contributions of 
other factors are also given in the table.  
 
CONCLUSION 
 
Analysis and optimization of machining parameters 
(RPM, Feed Rate, Depth of Cut) has been done by 
using taguchi method and ANOVA method. The 
following conclusion base on the experimentation can 
be drawn:  
 

 The optimum surface finish can be achieved 
by considering RPM = 800, Feed rate= 0.1 
and Depth of Cut = 0.4 

 From ANOVA analysis, the contribution of 
feed rate = 57.73%, Depth of Cut = 4.2% 
and RPM = 3.42% 

 From ANOVA analysis Feed Rate is the 
most significant parameter followed by 
depth of cut and RPM to affect the surface 
roughness. 

 The results of Taguchi analysis and ANOVA 
analysis are supporting each other. 

 
Further study could consider more factors (e.g. 
Materials, Nose Radius, Lubricant etc.) in the 
research to see how the factors would affect 
surface roughness. 
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