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Abstract
CNC machine tool is widely used by manufacturing engineers 
and production personnel to quickly and effectively set up 
manufacturing processes for new products .This study discusses 
an investigation into the use of Taguchi Parameter Design 
methodology for Parametric Study of CNC milling operation for 
Surface Roughness and Material Removal Rate as a response 
variable. The Taguchi parameter design method is an efficient 
experimental method in which a response variable can be study, 
using fewer experimental runs than a factorial design method. 
The control parameters for this operation included: spindle 
speed, feed rate & depth of cut. A total of 27 experimental 
runs were conducted using an orthogonal array, and the ideal 
combination of controllable factor levels was determined for the 
surface roughness and material removal rate. Taking significant 
cutting parameters into consideration and using multiple linear-
regressions, mathematical models relating to surface roughness 
(Ra) & material removal rate (MRR) are established to investigate 
the influence of cutting parameters during milling. A confirmation 
run was used to verify the results, which indicated that this method 
was both efficient and effective in determining the best milling 
parameters for the surface roughness & material removal rate. 
Confirmation test results established the fact that the mathematical 
models are appropriate for effectively representing machining 
performance criteria, e.g. surface roughness & material removal 
rate during CNC milling.
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I. Introduction
Milling is a process of producing flat and complex shapes with 
the use of multi-tooth cutting tool, which is called a milling cutter 
and the cutting edges are called teeth. The axis of rotation of the 
cutting tool is perpendicular to the direction of feed, either parallel 
or perpendicular to the machined surface. The machine tool that 
traditionally performs this operation is a milling machine.
The most common cutting tool used with a vertical milling is an 
end-mill, which looks like a stubby twist drill with a flattened 
end instead of a point. An end mill can cut a work piece either 
vertically, like a drill, or horizontally using the side of the end 
mill to do the cutting. This horizontal cutting operation imposes 
heavy lateral forces on the tool and the mill, so both must be 
rigidly constructed. By making a series of horizontal cuts across 
the surface of a work piece, the end mill removes layers of metal 
at a depth that can be accurately controlled to about one  thousands 
of an inch (.001”).

II. Literature Review
Abraham pinni et.al [1] Our work focuses on the Optimization 
of cutting tool life of a CNC milling machine and end milling 
operation is performed on it by using Poly Crystalline cubic Boron 
Nitride (PCBN) as the cutting tool material and En8 steel (HRC 
46) as work piece material to predict the Tool life. Mike et.al [2] 
developed the surface roughness prediction technique for CNC 
end milling through experimentation, the system proved capable 
of predicting the surface the surface roughness (Ra) could be 
predicted effectively by applying cutting speed, feed rate, depth 
of cut and their interactions in the multiple regression model. 
Roughness (Ra) with about 90% accuracy. Yang et.al [3] develop 
a systematic approach for identifying optimum surface roughness 
performance in end-milling operations. This research not only 
demonstrated how to use Taguchi parameter design for optimizing 
machining performance with minimum cost and time to industrial 
readers but also shows the Industrial Technology educator a project 
exercise in any Taguchi-related curricula. Chana Raksiri et.al [4] 
This paper proposes a new off line error compensation model by 
taking into accounting of geometric and cutting force induced 
errors in a 3-axis CNC milling machine. Jaya Krishna et.al [5], the 
present paper uses the principal component analysis (PCA) based 
neural networks for predicting the surface roughness in CNC end 
milling of P20 mould steel. Afzeri et.al [6] Increasing the demand 
for effectively use of the production facility requires the tools for 
sharing the manufacturing facility through remote operation of the 
machining process. This research introduces the methodology of 
machining technology for direct remote operation of networked 
milling machine. Bharats Patel et.al [7] Aluminum is the second 
most used metal after steel, largely because it is so versatile. It has 
been widely used in industries, like aerospace industries, building 
and construction industries, packaging industries, etc. Machining 
is the removal of metal in form of chips to produce work piece. 
Anil Antony Sequeira et.al [8] Aluminum is used excessively in 
the modern world and the uses of the metals are extremely diverse 
due to its many unusual combinations of properties. They have 
been widely used in industries, especially aerospace industries due 
to their attractive mechanical and chemical properties. However, 
machining of Aluminium results in good surface finish at the 
expense of tooling cost. Vikas Pare et.al [9] the paper addresses 
the effects of cutting speed and feed on the work piece deflection 
and surface integrity during milling of cantilever shaped Inconel 
718 plate under different cutter orientations. Malleswara Swami 
et.al [10] in this paper, a machine bed is selected for the complete 
analysis for both static and dynamic loads. Then investigation 
is carried out to reduce the weight of the machine bed without 
deteriorating its structural rigidity and the accuracy of the machine 
tool by adding ribs at the suitable locations. Selvam et.al [11] 
This paper discusses the use of Taguchi technique and Genetic 
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Algorithm (GA) for minimizing the surface roughness in machining 
mild steel with three zinc coated carbide tools inserted into a face 
miller of 25 mm diameter. Ishan, Shah et.al [12] This paper discuss 
of the literature review of optimization of tool life in milling 
using Design of experiment implemented to model the end milling 
process that are using solid carbide flat end mill as the cutting tool 
and stainless steels s.s-304 as material due to predict the resulting 
of Tool life. Data is collected from CNC milling machines were run 
by 8 samples of experiments using DOE approach that generate 
table design in MINITAB packages.

III. Machine and Equipments
The following equipments were used in this experimental 
works:-

A. CNC Vertical Milling Machine
Brand: - HASS, Model: - MINI MILL, No of axis: 3 dimensional 
co-ordinate axes (X, Y, Z)
This machine was used to produce the surface finish on the surface 
of the EN24 steel.

Fig. 1: CNC Vertical Milling Machine 

B. Surface Roughness Tester 
Brand: Surf test,   Model: SJ-301
Surface roughness of the machined work pieces was measured 
using this machine.

Fig. 2: Surf Test SJ-301 Surface Roughness Tester

C. Electronic Balance 
Brand:  Lakshmi Samson, Model: S500, Capacity: 500 gram, 
Accuracy: 0.01g
Precision balance was used to measure the weight of the work 
piece before and after the machining process.

Fig. 3: Electronic Weight Balance

D. Design Expert Software Minitab 15
This software was used for planning experimental design matrix 
and analyzing all the responses according to statistical method.

IV. Workpiece Material
Work piece material: EN 24 steel• 
Work piece dimensions: 75mm x 38mm x 20mm.• 
Physical properties: Hardness-201BHN, Density-7.85g/cc, • 
Tensile Strength-620 Mpa.
Total specimen 27.• 

Table 1: Composition of EN 24 Steel

C Mn Si S P Cr Ni Mo Fe

0.35-0.45

0.45-0.70

0.10-0.35

0.04(m
ax.)

0.04(m
ax.)

0.90-1.40

1.30-1.80

0.20-0.40

94.82-96.62

V. Response Parameters
The response parameters include:

Material removal rate (MRR)• 
Surface Roughness (Ra) • 

A. Metal Removal Rate (MRR) Measurement
The MRR of the work piece was measured by compared the weight 
of work piece before and after machining (found by weighing 
method using balance) against the machining time that was 
achieved. After completion of each machining process, the work 
piece was blown by compressed air using air gun to ensure for 
blowing out the debris. A precise balance was used to measure 
the weight of the work piece required. The following equation is 
used to determine the MRR value;

 MRR =    (g/min)  
Where:
Wb = weight of work piece material before machining (g)
Wa = weight of work piece material after machining (g)
tm = machining times (min)

B. Surface Roughness Measurement
There are various methods available for measuring the surface 
roughness of the work piece. The arithmetic surface roughness 
value (Ra) was adopted and measurements were carried out at the 
left and at the right side and at the middle of the surface using 
a Surftest SJ-301. Before conducting the measurement, all the 
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samples were cleaned with acetone. The Ra values of the surface 
were obtained by averaging the surface roughness.

VI. Taguchi’s Philosophy
Taguchi’s comprehensive system of quality engineering is one of 
the great engineering achievements of the 20th century. His methods 
focus on the effective application of engineering strategies rather 
than advanced statistical techniques. It includes both upstream 
and shop-floor quality engineering. Upstream methods efficiently 
use small-scale experiments to reduce variability and remain 
cost-effective, and robust designs for large-scale production and 
marketplace. Shop-floor techniques provide cost-based, real time 
methods for monitoring and maintaining quality in production. The 
farther upstream a quality method is applied, the greater leverages 
it produces on the improvement, and the more it reduces the cost 
and time. 

Quality is the best achieved by minimizing the deviations from • 
the target. The product or process should be so designed that 
it is immune to uncontrollable environmental variables.
The cost of quality should be measured as a function of • 
deviation from the standard and the losses should be measured 
system-wide.

VII. ANALYSIS AND DISCUSSION OF RESULT
After conducting the experiments with different settings of inputs 
factors i.e. spindle speed, feed and depth of cut, the values of 
output variables surface roughness and materials removal rate 
were recorded and plotted as per Taguchi design of experiments 
methodology. The output characteristics surface finish and 
material removal rate will be analyzed by Minitab software. In 
this experiment, the controllable factors are cutting speed (A), 
feed rate (B), and depth of cut (C), which are selected because 
they can potentially affect surface roughness performance and 
material removal rate in end-milling operations. Since these factors 
are controllable in the machining process, they are considered 
as controllable factors in the experiment. Table 2 listed all the 
Taguchi design parameters and levels.

Table 2: Process Parameters and There Levels

Process Parameters Parameter 
designation

           Levels
1 2 3

Cutting 
Speed(rpm) A 2200 2400 2800

Feed rate(mm/min) B 850 1000 1200
Depth of cut(mm) C 0.2 0.4 0.6

There are L27 basic types of standard Orthogonal Arrays (OA) 
used for the experiment of Taguchi parameter design. Since 
three factors are taken in this experiment, three levels of each 
factor are considered. Therefore, an array (L27) is selected for 
the experiment. 

Table 3: Process Control Parameters

Exp. 
Run

Spindle 
Speed

Feed 
Rate

Depth 
of cut Ra MRR

1 2200 850 0.2 24.1200 0.0146
2 2200 850 0.4 24.1000 0.0156
3 2200 850 0.6 24.1600 0.0160
4 2200 1000 0.2 34.8700 0.0320
5 2200 1000 0.4 33.9700 0.0323

6 2200 1000 0.6 34.8267 0.0326
7 2200 1200 0.2 3.7400 0.0936
8 2200 1200 0.4 2.9733 0.0886
9 2200 1200 0.6 3.6367 0.0913
10 2400 850 0.2 28.9633 0.0230
11 2400 850 0.4 28.6467 0.0250
12 2400 850 0.6 28.7667 0.0190
13 2400 1000 0.2 17.8267 0.0326
14 2400 1000 0.4 17.2633 0.0616
15 2400 1000 0.6 17.8433 0.0640
16 2400 1200 0.2 4.7633 0.0676
17 2400 1200 0.4 4.8633 0.0696
18 2400 1200 0.6 4.3300 0.0746
19 2800 850 0.2 12.7533 0.0653
20 2800 850 0.4 12.7433 0.0596
21 2800 850 0.6 12.7233 0.0663
22 2800 1000 0.2 20.8633 0.0656
23 2800 1000 0.4 20.7600 0.0683
24 2800 1000 0.6 20.8700 0.0696
25 2800 1200 0.2 4.8567 0.1286
26 2800 1200 0.4 4.9667 0.1303
27 2800 1200 0.6 5.8533 0.1303

The layout of the L27 OA is shown table-3. Each run will have 
three values collected for surface finish. Therefore, a total of (9*3) 
= 27 data values were collected for surface finish and each run 
will have two data values collected for the material removal rate, 
therefore a total of (9*3=27) data values for MRR, which are 
conducted for analysis in the experiment.

A. Surface Roughness

1. Calculation of S/N Ratio for Ra      
The S/N ratio is obtained using Taguchi’s methodology. Here, 
the term ‘signal’ represents the desirable value (Mean) and the 
‘noise’ represents the undesirable value (standard deviation). 
Thus, the S/N ratio represents the amount of variation presents 
in the performance characteristic. Here the desirable objective is 
to optimize the response variables Ra. Hence smaller-the-better 
types S/N ratio was applied for transforming the raw data for 
surface roughness as smaller values of Ra as desirable. The values 
of S/N ratio and mean corresponding to different experiment runs 
have been tabulated in Table 4

Table 4: Calculation of Signal to Noise Ratio for Ra

Exp. 
Run

Spindle 
Speed

Feed 
Rate

Depth 
Of cut Ra S/N 

Ratio

1 2200 850 0.2 24.1200 -27.647
2 2200 850 0.4 24.1000 -27.640
3 2200 850 0.6 24.1600 -27.661
4 2200 1000 0.2 34.8700 -30.849
5 2200 1000 0.4 33.9700 -30.621
6 2200 1000 0.6 34.8267 -30.838
7 2200 1200 0.2 3.7400 -11.457
8 2200 1200 0.4 2.9733 -9.4649
9 2200 1200 0.6 3.6367 -11.214
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10 2400 850 0.2 28.9633 -29.237
11 2400 850 0.4 28.6467 -29.141
12 2400 850 0.6 28.7667 -29.177
13 2400 1000 0.2 17.8267 -25.021
14 2400 1000 0.4 17.2633 -24.742
15 2400 1000 0.6 17.8433 -25.029
16 2400 1200 0.2 4.7633 -13.558
17 2400 1200 0.4 4.8633 -13.738
18 2400 1200 0.6 4.3300 -12.729
19 2800 850 0.2 12.7533 -22.112
20 2800 850 0.4 12.7433 -22.105
21 2800 850 0.6 12.7233 -22.092
22 2800 1000 0.2 20.8633 -26.387
23 2800 1000 0.4 20.7600 -26.344
24 2800 1000 0.6 20.8700 -26.390
25 2800 1200 0.2 4.8567 -13.726
26 2800 1200 0.4 4.9667 -13.921
27 2800 1200 0.6 5.8533 -15.348

2. Effect of Input Factor on Ra
For Ra, the calculation of S/N ratio follows “Smaller the Better”

Table 5: Response Table for Signal to Noise Ratio (Ra)

Level Cutting Speed 
(A)

Feed Rate 
(B)

Depth of Cut 
(C)

1 -23.04 -26.31 -22.22
2 -22.49 -27.36 -21.97
3 -20.94 -12.80 -22.28
Delta 2.11 14.56 0.31
Rank 2 1 3

Table 6: Response Table for Mean (Ra)

Level Cutting 
Speed(A) Feed Rate(B) Depth of 

Cut(C)
1 20.71 21.886 16.973

2 17.03 34.344 16.699

3 12.93 4.443 17.001

Delta 7.78 19.901 0.303

Rank 2 1 3

3. Analysis of Variance
The purpose of the analysis of variance (ANOVA) is to determine 
which cutting   parameters significantly affect the surface roughness 
(Ra). Table 9 Show the results of ANOVA analysis of Signal to 
noise ratio data for means. It is apparent that the P values of cutting 
speed, Feed rate and cutting speed*Feed rate was less than P=0.05 
and Depth of cut, Cutting speed*Feed rate and Feed rate*Depth 
of Cut the P value was more than P=0.05 as shown in Table 9. 
Thus the cutting speed, Feed rate and cutting speed*Feed rate 
effect significantly. In this experiment the percentage contribution 
of Feed rate was Maximum. The most significant input factor is 
feed rate for surface roughness.

Table 7: ANOVA Table for SN Ratios (Ra)

Source
Degree 
of 
freedom

Sum of 
square

Mean of 
square F value P 

value

Cutting 
speed(A) 2 21.46 10.73 34.25 0.000

Feed 
rate(B) 2 1187.67 593.83 1895.18 0.000

Depth of 
cut(C) 2 0.48 0.241 0.77 0.494

A*B 4 138.31 34.57 110.35 0.000
A*C 4 1.18 0.295 0.94 0.487
B*C 4 0.43 0.108 0.34 0.841
Residual 
error 8 2.51 0.313

Total 26 1352.04

Table 8: ANOVA Table for Mean (Ra)

Source Degree of 
freedom

Sum of 
square

Mean of 
square F value P 

value
Cutting 
speed
(A)

2 272.53 136.27 1450.50 0.000

Feed 
rate(B) 2 2119.13 1059.56 11278.57 0.000

Depth of 
cut(C) 2 0.50 0.25 2.68 0.129

A*B 4 625.99 156.50 1665.85 0.000
A*C 4 0.42 0.10 1.11 0.417
B*C 4 0.23 0.06 0.61 0.668
Residual 
error 8 0.75 0.09

Total 26 3019.55

4. Determination of the Optimum Value of Input 
Parameters for Ra 
Fig-4 and Fig-5 shows three graphs, which contains the curve 
between mean of signal to noise ratio data and input parameters 
(control factors) shows the curve between the mean of mean and 
the control factors. The values of the graphs and the objective of 
using the S/N ratio as a performance measurement is to develop 
products and the processes insensitive to noise factors. The S/N 
ratio indicates the degree of the predictable performance of a 
product or process in the presence of noise factors. Process 
parameters setting with the highest S/N ratio always yield the 
optimum quality with minimum variance. Consequently, the level 
that has a higher value determines the optimum level of each factor. 
For Example, in fig. 4 level three for Spindle speed (N3=2800 
RPM) has the maximum S/N ratio value, which indicated that 
the machining performance at such level produced minimum 
variation of the surface roughness. In addition, the lower surface 
roughness value has a better machining performance. Furthermore, 
level three of spindle speed (N3=2800 RPM) has indicated the 
optimum situation in term of mean value. Similarly, the level three 
of feed rate (F3=1200 mm/min) and the level three (DOC3=0.6mm) 
have also indicated the optimum situation of S/N ratio and mean 
value. Therefore the optimum cutting will be spindle speed 2800 
RPM, feed rate 1200mm/min and depth of cut 0.6mm as shown 
in Figures.
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Fig. 4: Main Effects Plot for SN Ratios (Ra)      

 
Fig. 5: Main Effects Plot for Means (Ra)

Fig. 6: Interaction Plot for SN Ratios (Ra)  

Fig. 7: Interaction Plot for Means (Ra)

B. Calculation of S/N Ratio for MRR
Here, the desirable objective is to optimize the response variable 
MRR. Hence, larger-the-better type S/N ratio was applied for 
transforming the raw data for material removal rate as larger values 
of MRR as desirable. The values of S/N ratio corresponding to 
different experimental runs have been tabulated in Table 11 along 
with mean values of MRR.

Table 9: Calculation of Signal to Noise Ratio for MRR
Exp. 
Run

Spindle 
Speed

Feed 
Rate

Depth 
Of cut MRR S/N Ratio

1 2200 850 0.2 0.0146 -36.6873
2 2200 850 0.4 0.0156 -36.1126
3 2200 850 0.6 0.0160 -35.9516
4 2200 1000 0.2 0.0320 -29.9055
5 2200 1000 0.4 0.0323 -29.8184
6 2200 1000 0.6 0.0326 -29.7207
7 2200 1200 0.2 0.0936 -20.5686
8 2200 1200 0.4 0.0886 -21.0452
9 2200 1200 0.6 0.0913 -20.7878
10 2400 850 0.2 0.0230 -32.7819
11 2400 850 0.4 0.0250 -32.0551
12 2400 850 0.6 0.0190 -34.449
13 2400 1000 0.2 0.0326 -29.7207
14 2400 1000 0.4 0.0616 -24.1998
15 2400 1000 0.6 0.0640 -23.8785
16 2400 1200 0.2 0.0676 -23.3931
17 2400 1200 0.4 0.0696 -23.1401
18 2400 1200 0.6 0.0746 -22.5395
19 2800 850 0.2 0.0653 -23.698
20 2800 850 0.4 0.0596 -24.4886
21 2800 850 0.6 0.0663 -23.568
22 2800 1000 0.2 0.0656 -23.6558
23 2800 1000 0.4 0.0683 -23.308
24 2800 1000 0.6 0.0696 -23.1401
25 2800 1200 0.2 0.1286 -17.8109
26 2800 1200 0.4 0.1303 -17.6991
27 2800 1200 0.6 0.1303 -17.6991

1. Effect of Input Factors on MRR
For MRR, the calculation of S/N ratio follows “Larger the Better” 
model.

Table 10: Response Table for Signal to Noise Ratio (MRR)

Level Cutting Speed
(A)

Feed Rate
(B)

Depth of Cut
(C)

1 -28.96 -31.09 -26.47
2 -27.35 -26.37 -25.76
3 -21.67 -20.52 -25.75
Delta 7.28 10.57 0.72
Rank 2 1 3
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Table 11: Average Effect Response Table for Mean Data 
(MRR)

Level Cutting Speed
(A)

Feed Rate
(B)

Depth of Cut
(C)

1 0.04633 0.03385 0.05815

2 0.04859 0.05100 0.06126

3 0.08715 0.09722 0.06267

Delta 0.04081 0.06337 0.00452

Rank 2 1 3

2. Analysis of Variance 
The purpose of the analysis of variance (ANOVA) is to determine 
which cutting parameters significantly affect the Material Removal 
Rate (MRR). Table 14 Show the results of ANOVA analysis of 
Signal to noise ratio data for means. It is apparent that the P 
values of cutting speed, Feed rate and cutting speed*Feed rate 
was less than P=0.05 and Depth of cut, Cutting speed*Feed rate 
and Feed rate*Depth of Cut the P value was more than P=0.05 as 
shown in table-14.Thus the cutting speed, Feed rate and cutting 
speed*Feed rate effect significantly. In this experiment the 
percentage contribution of Feed rate was Maximum. The most 
significant input factor is feed rate for MRR.

Table 12: ANOVA Table for SN Ratios (MRR)

Source
Degree 
of 
freedom

Sum of 
square

Mean 
of 
square

F value P 
value

Cutting 
speed(A) 2 263.44 131.72 88.68 0.000

Feed 
rate(B) 2 504.47 252.24 169.82 0.000

Depth of 
cut(C) 2 3.05 1.53 1.03 0.400

A*B 4 88.33 22.08 14.87 0.001
A*C 4 4.99 1.25 0.84 0.537
B*C 4 6.12 1.53 1.03 0.448
Residual 
error 8 11.88 1.49

Total 8 882.28

Table 13: ANOVA Table for Mean (MRR)

Source Degree of 
freedom

Sum of 
square

Mean of 
square F value P 

value

Cutting 
speed(A) 2 263.44 131.72 88.68 0.000

Feed 
rate(B) 2 504.47 252.24 169.82 0.000

Depth of 
cut(C) 2 3.05 1.53 1.03 0.400

A*B 4 88.33 22.08 14.87 0.001
A*C 4 4.99 1.25 0.84 0.537
B*C 4 6.12 1.53 1.03 0.448
Residual 
error 8 11.88 1.49

Total 8 882.28

3. Determination of the Optimum Value of Input 
Parameters for MRR
Fig. 6 and fig. 7 shows three graphs, which contains the curve 
between mean of signal to noise ratio data and input parameters 
(control factors) shows the curve between the mean of mean and 
the control factors. The values of the graphs and the objective of 
using the S/N ratio as a performance measurement is to develop 
products and the processes insensitive to noise factors. The S/N 
ratio indicates the degree of the predictable performance of a 
product or process in the presence of noise factors. Process 
parameter setting with the highest S/N ratio always yields the 
optimum quality with minimum variance. Consequently, the level 
that has a higher value determines the optimum level of each factor. 
For Example, in fig. 6 level three for Spindle speed (N3=2800 
RPM) has the maximum S/N ratio value, which indicated that 
the machining performance at such level produced minimum 
variation of the MRR. In addition, the higher MRR value has a 
better machining performance. Furthermore, level three of spindle 
speed (N3=2800 RPM) has indicated the optimum situation in term 
of mean value. Similarly, the level three of feed rate (F3=1200 
mm/min) and the level three (DOC3=0.6mm) have also indicated 
the optimum situation of S/N ratio and mean value. Therefore 
the optimum cutting will be spindle speed 2800 RPM, feed rate 
1200mm/min and depth of cut 0.6mm as shown in Figures.

Fig. 8: Main Effect Plot for SN Ratio (MRR)

Fig-9: Main effect plot for mean data (MRR)
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Fig. 10: Interaction Plot for Means Data (MRR)

Fig. 11: Interaction Plot for SN Ratios Data (MRR)

VIII. Conclusion
This study evaluates the machining performance of EN24 Steel 
using CNC Milling Machine which employed carbide End Mill 
cutting tool. All the experiments trials, planning and analysis were 
executed using Taguchi design of experiment. The purposes of 
DOE method applied in this study were to determine the optimum 
condition of machining parameters and the significance of each 
parameter to the performance of machining characteristics. The 
total experiment runs performed in this study was 27 trials using 
randomized parameters which done by MINITAB 15 software.
The following conclusion are drawn based on the performance 
of machining characteristics studies in this research work namely 
surface roughness (Ra) and material removal rate (MRR).

The pilot experiments were carried by varying the process 1. 
parameters e.g. spindle speed, feed and depth of cut to study 
their effect on out parameter e.g. surface roughness and 
material removal rate. In pilot study, only three parameters 
that mainly affect the cutting speed and surface roughness 
i.e. spindle speed, feed and depth of cut. These parameters 
are selected for this study.
From the all selected parameters, Feed Rate was significantly 2. 
affecting the milling of EN24. The result showed that the 
feed rate contributed 87.79%, cutting speed contributed only 
1.58% and depth of cut contributed was least with 0.003% 
for surface roughness (Ra).
In Material Removal Rate feed was the most significant 3. 
input factor followed by Feed rate and cutting speed. The 
contribution for feed Rate, cutting Speed and depth of cut 

was 57.17%, 29.85% and 0.003% respectively for material 
removal rate.
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