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Abstract— In present area of advance technology, the 
qualitative and quantitative requirement of customer is 
frequently change so the demand of the hour is increasing. 
Maintaining the economic production with optimal use of 
resources is of prime concern for the engineers. Metal 
machining is one of them. Metal machining with various 
process parameters is one of them. The experimental and 
theoretical studies show that process performance can be 
improved considerably by proper selection of machining 
parameters. The challenge of modern machining industries 
is mainly focused on the achievement of high quality, in 
terms of work piece dimensional accuracy, lower surface 
roughness, high production rate, less tool wear on the 
cutting tools, economy of machining in terms of cost saving 
and increase the performance of the product with reduced 
environmental impact.This particular phenomenon can 
affect the efficiency and quality of the process. The 
performance was assessed in terms of different parameters 
such as depth of cut, material removal rate, cutting 
efficiency. Experimental investigations were conducted to 
study the effect of different cutting speed , feed rate and 
depth of cut on material removal rate (MRR) and surface     
roughness in CNC machine. Taguchi’s design of 
experiments and analysis of variance were used to determine 
the effect of machining parameters on Ra and MRR. 

Keywords: MRR, Surface roughness, cutting speed, feed 
rate, depth of cut, cutting force. 

I. INTRODUCTION 
Computerized Numerical Control (CNC) cutting has various 
distinct advantages over the other cutting technologies, such 
as no thermal distortion, high machining versatility, high 
flexibility and small cutting forces, and has been proven to 
be an effective technology for processing various 
engineering materials. The mechanism and rate of material 
removal during CNC machining depends both on the type of 
tool and on a range of cutting parameters. CNC can 
machining the hard and brittle  materials like  Steels, Non-
ferrous alloys  Ti alloys,   Metal Matrix Composite, Ceramic 
Matrix Composite, Concrete , Stone – Granite , Wood , 
Reinforced plastics, Metal Polymer Laminates . 

II. EXPERIMENTAL PROCEDURE 

A. Material Specification 

Steel industry has been growing at fast rate which require 
high tensile strength, and impact for the components. The 
hydraulic industries also required better performance of the 

material in tensile strength and hardness. EN 9 steel 
materials is suitable for heat treated parts where high tensile 
and impact are required. For motorsport applications an 
engine will need to run at speeds beyond the limits of the 
standard crank. Also in the production of the rolling mill 
compound gear box the EN 9 steel is widely used. However 
a steel shaft, most commonly available in EN 31 material, is 
a very expensive proposition which is especially for the club 
level competitor. The solution is to use cranks produced 
from EN 9 which is strong enough and light enough 
compare to EN 31. So E9 steel has been selected for 
experimental work. Material is tested before used for 
experiments in material testing laboratory at DIVINE 
LABORATORY SERVICES, AHMEDABAD. Chemical 
composition obtained is as per Table 1. 

Chemical Obtained Value Required Value 
%Carbon 0.50 0.50-0.60 
% Silicon 0.200 0.05-0.35 

% Sulphur 0.030 0.00-0.050 
%Phosphorous 0.050 0.04 max 
% Manganese 0.70 0.60-0.90 

% Nickel 0.076 - 
% Chromium 0.250 - 

% Moly 0.022 - 
Table. 1: Chemical composition of EN9 

B. Selection of Cutting Tool Material 

Tungsten carbide is a high carbon ferrous alloy consisting of 
W, Mo, Cr, V, and Co. HSS is generally available in cast, 
wrought and sintered (obtained by using powder metallurgy 
technique) form. HSS is inexpensive compared to other tool 
materials. It is easily shaped, and has excellent fracture 
toughness, and fatigue resistance. TC is suitable for use only 
at limited cutting velocities of 30-70 m/min because of its 
limited wear resistance and chemical stability. TC is 
generally used for geometrically complex rotary cutting 
tools such as drills, reamers, taps, and end-mills, as well as 
for broaches. Thus, it has been found that high speed steel is 
low cost tool to characterization of EN9. 

C. Selection of Machine Tool  

Turning is one of the most common of metal cutting 
operations. In turning, a workpiece is rotated about its axis 
as single-point cutting tools are fed into it, shearing away 
unwanted material and creating the desired part. Turning can 
occur on both external and internal surfaces to produce an 
axially-symmetrical contoured part. Parts ranging from 
pocket watch components to large diameter marine propeller 
shafts can be turned on a lathe. The capacity of a lathe is 
expressed in two dimensions. The maximum part diameter, 
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or "swing," and the maximum part length, or "distance 
between centers." The general-purpose engine lathe is the 
most basic turning machine tool. Lathe cutting tools brought 
to the work may move in one or more directions. Tool 
movement on the engine lathe is accomplished using a 
combination of the lathe's "carriage", "cross slide", and 
"compound rest". 

 
Fig. 1: Turning Centre 

D. Design of experiment based on Taguchi method 

Design of experiment (doe) is a powerful statistical technique 
for improving product/process designs and solving production 
problems. In this investigation carried out by varying three 
control factors Cutting speed , Feed and Depth of cut on 
Turning centere on engine lathe at VARIA 
ENGINEERING, phase-3, vatva G.I.D.C., Ahmedabad. 
.Cutting material , cutting tool and coolent were used as a 
constant for every experimental work. Control factors along 
with their levels are listed in Table 2. Hence Taguchi based 
design of experiment method was implemented. In Taguchi 
method L9 Orthogonal array provides a set of well-balanced 
experiments, and Taguchi’s signal-to-noise. (S/N) ratios, 
which are logarithmic functions of the desired output, serve 
as objective functions for optimization. 

CONTROL FACTORS UNIT LEVEL 
1 2 3 

Speed Rpm 85 131 162 
Feed Mm/rev 0.7 0.8 0.98 

Depth of cut mm 0.5 0.75 1 
Table. 2: Control parameters and their levels 

III. RESULTS AND ANALYSIS 

A. Calculation of Signal to Noise ratio 

SN ratio can be calculated based on response requirement. 
Material removal rate preferred always higher is better and 
roughness value lower is better. According to Taguchi 
technique MRR calculated based on Higher is better (Eq. 1) 
and surface roughness as smaller is better (Eq. 2). The 
analysis carried out on MINITAB 16 software [5]. Table 3 
Show the taguchi Orthogonal L9 Array and result of MRR 
and Surface roughness. Table 4. Shows the result with 
calculated Signal to Noise ratio. 
SN For Higher is better ;       

  (S/N)HB= -10 log (MSDHB) ---- (Eq. 1)  
Where, 
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n = no. of repetitions, 
y= observed value. 

SN For Lower  is better; 
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Exp. 
No. 

Speed 
(Rpm) 

Feed 
(mm/rev) 

Doc 
(mm) 

MRR 
(gm/min) 

Surface roughness 
(μm) 

1 85 0.7 0.5 5.589 1.46 
2 85 0.8 0.75 9.5 1.24 
3 85 0.98 1 15.64 1.25 
4 131 0.7 0.75 12.92 1.93 
5 131 0.8 1 19.86 1.83 
6 131 0.98 0.5 12.06 1.76 
7 162 0.7 1 21.03 3.00 
8 162 0.8 0.5 12.17 2.95 
9 162 0.98 0.75 22.36 2.71 

Table. 3: Taguchi Orthogonal L9 Array and result of MRR 
and Surface roughness for EN9 

Exp. 
No. 

MRR 
(gm/min) 

SN Ratio 
For 

MRR 

Surface 
roughness 

(μm) 

SN Ratio 
For 
SR 

1 5.589 14.94 1.46 -3.28 
2 9.5 19.55 1.24 -1.86 
3 15.64 23.88 1.25 -1.93 
4 12.92 22.22 1.93 -5.71 
5 19.86 25.95 1.83 -5.24 
6 12.06 21.62 1.76 -4.91 
7 21.03 26.45 3.00 -9.54 
8 12.17 21.70 2.95 -9.39 
9 22.36 26.98 2.71 -8.65 
Table. 4: SN Ratio for MRR and Surface roughness 

B. Analysis of Variance (ANOVA) 

Analysis of Variance (ANOVA) is a powerful analyzing 
tool to identify which are the most significant factors and 
it’s (%) percentage contribution among all control factors 
for each of machining response. It calculates variations 
about mean ANOVA results for the each response. Based on 
F-value (Significance factor value) important parameters 
can be identified. Table 5 and Table 6 are ANOVA Table 
obtained by Minitab 16 software. ANOVA Table contain 
Degree of freedom (DF), Sum of Squares (SS), Mean 
squares (MS), Significant Factor ratio (F-Ratio), Probability 
(P) and calculated percentage contribution. 

C. Result Discussion for Material Removal Rate (MRR) 

Analysis of Variance tables 5 shows the effect of parameter 
on MRR. The significant parameters can be easily identified 
. speed , feed and depth of cut are significance factor for 
MRR and it has p-value<0.05. Percentage contribution of 
residual error is 0.1027 %. It strengthens the analysis as it is 
on minimum side. Maximum percentage contribution of 
Depth of cut has 46.76 %. 
Source 

 DF Seq 
SS 

Adj 
SS 

Adj 
MS 

F 
value P % 

Con. 
Speed 2 4.8908 4.8908 2.4454 42.23 0.000 41.86 
Feed 2 1.3279 1.3279 0.6639 11.46 0.001 11.36 
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Depth of 
cut 2 5.4616 5.4616 2.7308 47.15 0.000 46.76 

Residual 
Error 2 0.012 0.0116 0.0058   0.1027 

Total 8 11.68      
Table. 5: ANOVA for Material Removal Rate 
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Fig. 2: Main Effect plot for SN Ratio (MRR) V/s Factors 
Figure 2 shows the main effect plot of MRR at different 
parameters like speed, feed and depth of cut in engine lathe 
machining process of EN9.From the figure, it can be seen 
that maximum MRR obtained is at speed of 162 rpm, Feed 
of 0.98 mm/rev  and depth of cut of  1.00 mm. 

D. Result Discussion for Surface Roughness (Ra) 

Analysis of Variance table 6 shows the significance 
parameter effect on Surface roughness. The significant 
parameters can be easily identified. speed and depth of cut  
has p-value almost <0.05. Hence for Surface roughness 
these parameters are much significant. Feed does not much 
affect the surface roughness. Percentage contribution of 
residual error is 0.19%. Speed has maximum percentage 
contribution 97.17 % and percentage contribution of Feed  
has 2.18 %. 

Source DF Seq 
SS 

Adj 
SS 

Adj 
MS 

F 
value P % 

Con. 
Speed 2 7.0556 7.0556 3.5278 48.39 0.002 97.17 
Feed 2 0.1590 0.1590 0.0795 1.091 0.084 2.18 

Depth 
of cut 2 0.0373 0.0373 0.0156 0.215 0.031 0.51 

Residual 
Error 2 0.0145 0.0145 0.0072   0.19 

Total 8 7.2606      
Table. 6: ANOVA for Surface Roughness 
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Fig. 3: Main Effect plot for SN Ratio (Ra) V/s Factors 

Figure 3 shows the main effect plot of Surface roughness at 
different parameters like speed, feed and depth of cut in 
engine lathe machining process of EN9.From the figure less 
Surface roughness obtained is at speed of 85 rpm, Feed of 
0.70 mm/rev  and depth of cut of  0.50 mm. 

E. Optimum Control Parameter Level 

The ANOVA for desired response provide the significant 
factor. Therefore the optimal level of a significant control 
factor is the level with the greatest SN Ratio. Optimizing the 
output parameter is achieved by selecting the significant 
control factor at their optimum level. 

Response Speed 
(rev) 

Feed 
(mm/rev) 

Depth of cut 
(mm) 

MRR 162 0.98 1.00 
Surface Roughness 85 0.70 0.50 

Table. 7: Optimum Control Parameter level 

IV. CONCLUSION 
This paper presents analysis of various process parameters 
and drawn following conclusions from the experimental 
study: 
 Process parameters affect different response in different 

ways. Hence need to set parameter based on requirement. 
 Maximum MRR obtained is at speed of 162 rpm, Feed of 

0.98 mm/rev and depth of cut of 1.00 mm. Surface 
roughness is also increase with increase in  speed. 

 MRR increases with increase in speed , feed and depth of 
cut. And Surface roughness is increases with increase in 
speed. During feed increases, surface roughness 
decreases and during increase in Depth of cut, upto 
certain limit surface roughness decreases and after 
beyond the limit it increases. 

 Speed and Depth of cut are most significant control 
factor for MRR and Speed is most significant control 
factor for Surface roughness whereas Feed and depth of 
cut ara less significant factor for Surface roughness. 
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