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Abstract
Modern manufacturers, seeking to remain competitive in the 
market, rely on their manufacturing engineers and production 
personnel to quickly and effectively set up manufacturing processes 
for new products. Taguchi Parameter Design is a powerful and 
efficient method for optimizing quality and performance output 
of manufacturing processes, thus a powerful tool for meeting 
this challenge. This Paper discusses an investigation into the use 
of Taguchi Parameter Design for optimizing surface roughness 
generated by a conventional lathe. Control parameters being 
consider in this paper are cutting speed, feed rate and depth of 
cut. After experimentally turning sample workpieces using the 
selected orthogonal array and parameters, this study expected to 
produce an optimum combination of controlled parameter for the 
surface roughness.
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I. Introduction
The challenge of modern machining industries is mainly focused 
on the achievement of high quality, in terms of work piece 
dimensional accuracy, surface finish, high production rate, less 
wear on the cutting tools, economy of machining in terms of 
cost saving and increase the performance of the product with 
reduced environmental impact [1]. Surface roughness plays an 
important role in many areas and is a factor of great importance 
in the evaluation of machining accuracy [2]. The Taguchi method 
is statistical tool, adopted experimentally to investigate influence 
of surface roughness by cutting  parameters such as cutting speed, 
feed and depth of cut [3]. The Taguchi process helps  to select or 
to determine the optimum cutting conditions for turning process. 
Many researchers developed many mathematical models to 
optimize the cutting parameters to get lowest surface roughness 
by turning process. The variation in the material hardness, alloying 
elements present in the work piece material and other factors 
affecting surface finish and tool wear [4]. The Taguchi design 
of experiments was used to optimize the cutting parameters and 
more detail on Taguchi is mentioned below.

II. Taguchi Method
Taguchi method is a powerful tool for the design of high quality 
systems. It provides simple, efficient and systematic approach to 
optimize designs for performance, quality and cost [5]. Taguchi 
method is efficient method for designing process that operates 
consistently and optimally over a variety of conditions. To 
determine the best design it requires the use of a strategically 
designed experiment [6]. Taguchi approach to design of 
experiments in easy to adopt and apply for users with limited 
knowledge of statistics, hence gained wide popularity in the 
engineering and scientific community [7]. 

III. Experimental Set Up and Cutting Conditions
The experiment was conducted using copper as work piece 
material with coated ceramic tool. The Cutting tool used was 
coated and having combination of Al2O3 + TiC with tin coating 
(Golden) manufactured by Kyocera and named as A66. The tests 
were carried on a work piece having length 65mm and dia 32mm 
on a lokesh 250 CNC lathe machine. The cutting parameters are 
shown in the Table 1. Three levels of cutting speed, three levels 
of feed rate and depth of cut were used and are shown in the 
Table 1.
 
Table 1: Cutting Parameters
Cutting Parameter Level 1 Level 2 Level 3
Cutting speed(m/min) 70 100 130
FeedRate(mm/rev) .13 .17 .20
Depth of cut (mm) .4 1.0 1.6

A. Turning Process
Turning is very important machining process in which a single 
point cutting tool removes unwanted material from the surface of 
a rotating cylindrical work piece. The cutting tool is fed linearly 
in a direction parallel to the axis of rotation. Turning is carried on 
a CNC lathe that provides the power to turn the work piece at a 
given rotational speed and to feed to the cutting tool at specified 
rate and depth of cut. Therefore three cutting parameters namely 
cutting speed, feed and depth of cut need to be determined in a 
turning operation. The turning operations are accomplished using 
a cutting tool; the high forces and temperature during machining 
create a harsh environment for the cutting tool. Therefore tool 
life is important to evaluate cutting performance. The purpose 
of turning operation is to produce low surface roughness of the 
parts. Surface roughness is another important factor to evaluate 
cutting performance. Proper selection of cutting parameters and 
tool can produce longer tool life and lower surface roughness. 
Hence, design of experiments by Taguchi method on cutting 
parameters was adopted to study the surface roughness [5]. The 
cutting parameters chosen are shown in the Table 3. In this study, 
only surface roughness was studied by Taguchi method.

Table 2: Cutting Conditions and Response

Run No.
Cutting 
Speed(m/
min)

Feed 
Rate(mm/
rev)

Depth of 
Cut(mm) Ra

1 70 .13 0.4 3.2
2 70 .13 1.0 2.9
3 70 .13 1.6 3.5
4 70 .20 0.4 2.3
5 70 .20 1.0 2.5
6 70 .20 1.6 3.8
7 70 .17 0.4 2.1
8 70 .17 1.0 2.6



IJRMET Vol. 3, IssuE 2, May - ocT 2013

w w w . i j r m e t . c o m InternatIonal Journal of research In MechanIcal engIneerIng & technology 203

 ISSN : 2249-5762 (Online)  |  ISSN : 2249-5770 (Print)

9 70 .17 1.6 2.7
10 100 .13 0.4 2.2
11 100 .13 1.0 2.5
12 100 .13 1.6 3.1
13 100 .20 0.4 2.6
14 100 .20 1.0 2.8
15 100 .20 1.6 3.9
16 100 .17 0.4 1.8
17 100 .17 1.0 1.9
18 100 .17 1.6 2.7
19 130 .13 0.4 2.4
20 130 .13 1.0 2.6
21 130 .13 1.6 2.9
22 130 .20 0.4 2.1
23 130 .20 1.0 1.8
24 130 .20 1.6 2.4
25 130 .17 0.4 1.2
26 130 .17 1.0 1.6
27 130 .17 1.6 1.9

B. Surface Roughness
Surface properties such as roughness are critical to the function 
ability of machine components. Increased understanding of the 
surface generation mechanisms can be used to optimize machining 
process and to improve component functionability. Numerous 
investigators have been conducted to determine the effect of 
parameters such as feedrate, tool nose radius, cutting speed and 
depth of cut on surface roughness in hard turning operation . The 
surface roughness decreases with increasing nose radius. Large 
nose radius tools have produced better surface finish than small 
nose radius tools. The research has shown two purposes. The 
first was to demonstrate the use of Taguchi parameter design in 
order to identify the optimum surface roughness with particular 
combination of cutting parameters. The second was to demonstrate 
a systematic procedure using Taguchi design in process design of 
turning operations. In this experiment both were achieved.
The obtained results are analyzed using Minitab 15 software and 
all the values are shown in the Table 4. 
The Regression equation obtained by the Taguchi method is:
The regression equation is
Ra (µm) = 3.11 - 0.0124 Cutting Speed (m/min) + 0.759 Feed 
Rate (mm/rev) + 0.213 Depth of cut (mm)

Table 2: Estimated Regression Analyses for Surface Roughness

Term Coef SE Coef T P Significant /
Not Significant

Constant 3.1061 .4860 6.39 0.000 Significant
Cutting Speed (m/min) -.012407 .004004 -3.10 0.005 Significant
Feed Rate (mm/rev) .7589 .2791 2.72 0.012 Significant
Depth (mm) .2130 .2002 1.06 0.298  Not Significant
S = 0.509597                                R-Sq = 99.40%                                                    R-Sq(adj.) = 98.85%

Table 3: Analysis of Variance

Source DF SS MS F P

Regression 3 4.7079 1.5693 6.04 0.003
Residual Error 23 5.9728 .2597 --------- ---------
Total                              26 10.6807 --------- --------- ---------

Fig. 1: Main Effects Plot for Surface Roughness



IJRMET Vol. 3, IssuE 2,  May - ocT 2013  ISSN : 2249-5762 (Online)  |  ISSN : 2249-5770 (Print)

w w w . i j r m e t . c o m 204   InternatIonal Journal of research In MechanIcal engIneerIng & technology

Fig. 2: Residual Plots for Surface Roughness

IV. Conclusion
From the above study it has been observed form Table 2 that 
cutting speed and feed rate have significant effect on the process 
as the p value is less than 0.05. Whereas the value of depth of 
cut have more than 0.05 therefore it have insifnignificant effect 
on the process.
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