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Abstract— Milling is a material removal process which is
very commonly used and the most general form of machining
process in industries, which can create a variety of features
on a part by cutting away the unwanted material. Central
workshop of Bhilai Institute of Technology Durg which is a
premier Engineering College in Central India has two milling
machines which are used to perform practical of engineering
students. The objective of this paper is to identify the process
parameter which gives optimum surface roughness. Surface
roughness is one of the most specified customer requirements
in a machining process. Surface roughness made up of the
fine irregularities of surface textures, as well as feed marks
generated by the machining process. The quality of surface is
significantly important factor in evaluating the productivity
of machine tool and machined parts. There are many milling
machine process parameters like cutting speed, feed, depth of
cut, material removal rate (MRR) and machining time etc. are
used. The process parameter cutting speed, feed and depth of
cut are critical parameter which affect the surface roughness
of work piece so these three process parameter are selected
for optimization. So it is required to find a suitable
optimization method which can find optimum value of
cutting parameters for minimizing surface roughness.
Taguchi method will be used to get optimum surface
roughness. The setting of parameter will be determined by
using Taguchi’s orthogonal array. Analysis of variance
(ANOVA) will be used for analysis. Here machining process
will be carried out on mild steel material in water cooling
condition in two milling machines.

Key words: Surface Roughness, Milling, Optimization,
Process Parameter, Taguchi Method, ANOVA

I. INTRODUCTION

Milling is a machining operation, which is carried out on
milling machine. Milling is a material removal process which
removes metal by rotating a multipoint cutting tool against
the work piece. This can create a variety of features on a part
by cutting away the unwanted material. The main parts of
milling machine are: Base, column, knee, saddle, table, over-
arm, spindle and arbor. The milling process requires a milling
machine, fixture, work-piece and cutter. The work-piece is a
piece of pre-shaped material that is held in a fixture, which
itself attached to a table of the milling machine. The cutting
tool is held in position by the arbor and has no other motion
except rotation. In most milling machines, there are three
possible table movements, longitudinal, vertical and
crosswise but in some cases the table may also possess swivel
or rotational movement. The quality of the surface plays a
very important role in the performance of milling as a good
surface considerably improves the fatigue strength, corrosion
resistance, or creep life. Surface roughness also affects a
number of functional attributes of parts, such as, friction

between two parts which are in contact, wearing of parts,
reflection of light, transmission of heat, ability of distributing
and holding a lubricant, load bearing capacity, coating or
resisting fatigue. Therefore, the desired finished surface is
usually specified and the proper processes are selected during
the operation, thus it can adapt to changes in the system.
Taguchi method can be used to deal with problems with
incomplete and imprecise data. In this work, Taguchi method
has been developed to predict the optimum process parameter
for optimum surface roughness on the machining of mild steel
metal.

Il. PROBLEM IDENTIFICATION

There are two milling machines in central workshop of Bhilai
institute of technology, Durg. These machines are used to
conduct practical classes of engineering students. Selection
of milling machine and optimum process parameter is a
practical problem when milling a job for obtaining better
surface roughness. To obtain a solution Taguchi’s method is
used. The methodology to be followed when applying this
method is discussed later in paper.

I11. MATERIAL AND PROCESS PARAMETERS

A. Material used for Milling Operation

Mild Steel is used for milling operation in this study. Mild
Steel is also known as low carbon steel because of very less
amount of carbon is present in this steel Mild steel is the most
commonly used steel which is not brittle and it is cheap in
price. Mild steel is not readily tempered or hardened but
possesses enough strength. Mild Steel has carbon 0.16 to
0.18 % (maximum 0.25% is allowable), Manganese 0.70 to
0.90%, Silicon maximum 0.40%, Sulfur maximum 0.04%
and Phosphorous maximum 0.04%. Carbon makes it
malleable and ductile.

Mild steel is a low tensile strength steel, it is cheap
and easy to form; surface hardness can be increased through
carburizing. It is often used when large quantities of steel are
needed.

B. Selection of Process Parameter

The selection of milling process parameters for milling
operation is based on the literature review of various research
papers. There are various process parameters which  effects
the milling operation which are- Cutting Speed, Depth of cut,
Feed rate, Material Removal Rate (MRR) and machining
time. We observed that the Process parameter cutting speed,
feed and depth of cut are critical parameter which affects the
surface roughness of work piece. So we select these three
parameter in our study.
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IV. METHODOLOGY

For research work Milling machine in the central workshop
of Bhilai Institute Of Technology Durg (Chhattisgarh) was
selected. For optimize the process parameter of milling
machine operation following methodology followed shown
in figure 1.

Determine the number of
levels for process parameter
and objective function

|

| Select Otthoganal array |

]
| !

| Conduct the expetiment in milling 1 | | Conduct the expetiment in milling 2 |
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| }
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Fig. 1: Methodology

Taguchi Method: Taguchi Method is a statistical
approach to optimize process parameter and improve the
quality of components that are manufactured. Taguchi
method is developed by Taguchi and Konishi. primarily it
was developed for improving the quality of goods
manufactured (manufacturing process development) later its
application was expanded to many other fields in engineering,
like Biotechnology etc. qualified statisticians have
acknowledged Taguchi’s efforts especially in the
development of designs for studying variation. Success in
achieving the desired results involves a careful selection of
process parameter and bifurcating them into control and noise
factors. Selection of control factors must be made such that it
nullifies the effect of noise factors .Taguchi method involves
recognition of proper control factors to obtain the optimum
result of the process. Orthogonal arrays (OA) are used to
conduct a set of experiments. Result of these experiments are
use to analyze the data and predict the quality of components
produced.

Select the Taguchi
Technique

Select signal and noise factors

I

‘ Orthogonal array design ‘

il

Conduct the experiment

[ —

Find out optimal Analyze the data
values — using S/N ratio and (=

ANOVA
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Fig. 2: Taguchi Optimization Method

The flow chart for implementing the Taguchi
optimization method is shown in figure 2.

Identify the performance characteristics and select
process parameter: the factors that are going to affect or
influence the milling process and from those factors one has
to identify the control and noise factors. The factors that
affect milling operation on a milling machine are listed in the
table (table 1)

Control Factors Noise Factors
Cutting speed Vibration
Depth of cut | Raw material variation
Feed rate Machine condition
Coolant Temperature
Operator skill

Table 1: Factors that affect facing operation

Control factors are those which affect the milling
process and which can be controlled and noise factors are
those which cannot be controlled. From control factors |
select cutting speed, feed rate and depth of cut they
significantly affect the performance of milling machine.

A. Determine the number of levels for process parameter

The factors and their levels were decided for conducting the
experiment based on the guide line given in the operation
manual provided by the manufacturer of the milling machine
and the arrangement provided on the milling machine by the
manufacturer.

Levels
s 2 3
Cutting speed (v, rpm) | 120 | 220 | 330
Depthof cut (t,mm) | 0.4 | 0.45| 0.5
Feed rate (f, mm/min) | 10 | 18 | 40
Table 2: Factors and levels

Factors

B. Determine the objective function

The aim is to minimize the roughness of the work piece. So
objective function smaller the better is selected. Smaller the
better
n 2
s/n;=-101og (H=w2)
n

Where n is the number of measurement in a trial, y

is the observed value.

C. Select Appropriate Orthogonal Array

To select an appropriate orthogonal array for conducting the
experiments, the degrees of freedom are to be computed.

Degree of Freedom (DOF) = Nombur of factors (no.
of lavels-1) + 1 for the average + no. of interactions (no. of
levels — 1)2

Where, P = No. of factors = 3, n = No. of levels = 3
No. of interactions = 0, DOF = 3 x (3-1) +1+0=7

Basically, the D.O.F for the OA should be greater
than or at least equal to those of process parameters. A table
of standard orthogonal arrays is given below, which is helpful
in the selection of the orthogonal array.

The basis of number of process parameters and their
levels the most suitable orthogonal array for experiment is L9
array as shown in table.

Experiment | Control Factors
No. A|lB]|C
1 1 1 1
2 1 2 2
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Table 3: Orthogonal Array (OA) L9

D. Conducting the experiment in milling machine 1

The quality of the Taguchi orthogonal array is that if there is
an experiment having 3 (three) factors which have 3 (three)
values, and have 3 (three) levels than total no. of experiment

is 27. Than results of all experiment will give 100% accurate
results.

Taguchi orthogonal array make list of nine
experiment in a particular order which cover all factors.
Those nine experiments will give 99.96% accurate result. By
using this method no. of experiments reduced to 9 instead of
27 with almost same accuracy.

The table shows the experimental layout,

Cutting Speed (rpm) | 1 =120 | 2=220 | 3=330
Depthofcut (mm) | 1=04 | 2=045] 3=05
Feed (mm/min) 1=10 | 2=18 | 3=40

Table 4(a): Conducting the experiment in milling machine 1
Table 4 is the Experimental Layout (shown below)

. Surface Roughness (Ra, pm) SumYi? | S/N
Experiment no. | Level 1 5 2 5 Mean

1 111 ] 0.698 | 1.245 | 0.682 | 0.760 | 0.665 | 0.810 | 3.552 | 1.522

2 112 | 0.590 | 0.611 | 0.535 | 0.465 | 0.705 | 0.581 | 1.721 | 4.632

3 113 | 0.587 | 0.762 | 0.549 | 0.673 | 0.715 | 0.657 | 2.191 | 3.584

4 121 ] 0.369 | 0.619 | 0.698 | 0.567 | 0.673 | 0.585 | 1.781 | 4.483

5 122 | 0.680 | 0.821 | 0.840 | 0.910 | 0.824 | 0.815 | 3.349 | 1.740

6 123 | 0.665 | 0.571 | 0.864 | 0.949 | 0.451 | 0.700 | 2.619 | 2.809

7 131 | 0.897 | 0.554 | 0.647 | 0.744 | 0.701 | 0.709 | 2575 | 2.882

8 132 | 0.826 | 0.717 | 0.841 | 0.736 | 0.609 | 0.746 | 2.816 | 2.493

9 133 | 0.846 | 0.733 | 0.583 | 0.887 | 0.748 | 0.759 | 2.939 | 2.307

10 211 | 0.877 | 0.781 | 0.814 | 0.840 | 0.802 | 0.823 | 3.390 | 1.687

11 212 | 0.723 | 0.705 | 0.965 | 0.698 | 0.787 | 0.776 | 3.058 | 2.136

12 213 | 0.573 | 0.606 | 0.598 | 0.858 | 0.715 | 0.670 | 2.301 | 3.371

13 221 | 0.435|0.484 | 0.777 | 0.634 | 0.638 | 0.594 | 1.836 | 4.350

14 222 | 0.845| 0539 | 0.825 | 0.795 | 0.742 | 0.749 | 2.868 | 2.414

15 223 | 0.558 | 0.630 | 0.452 | 0.554 | 0.667 | 0.572 | 1.664 | 4.777

16 231 | 0.688 | 0.526 | 0.704 | 0.580 | 0.532 | 0.606 | 1.865 | 4.283

17 232 | 0.778 | 0.746 | 0.688 | 0.657 | 0.902 | 0.754 | 2.880 | 2.395

18 233 | 0.861 | 0.904 | 0.798 | 0.779 | 0.600 | 0.788 | 3.162 | 1.990

19 311 | 0.720 | 1.128 | 0.690 | 0.775 | 0.692 | 0.801 | 3.346 | 1.744

20 312 | 0.557 | 0.661 | 0.688 | 0.962 | 0.919 | 0.757 | 2.991 | 2.232

21 313 | 0.892 | 0.918 | 0.549 | 0.675 | 1.145 | 0.836 | 3.706 | 1.300

22 321 | 0.795| 0.581 | 0.744 | 0.491 | 0.572 | 0.637 | 2.091 | 3.785

23 322 | 0.651 | 0.937 | 0.638 | 1.043 | 0.679 | 0.790 | 3.258 | 1.861

24 323 | 0.759 | 0.663 | 0.846 | 0.660 | 0.699 | 0.725 | 2.656 | 2.748

25 331 | 0.973 | 1.048 | 0.768 | 0.586 | 0.461 | 0.767 | 3.191 | 1.951

26 332 | 0.779 | 0.384 | 0.711 | 0.678 | 0.543 | 0.619 | 2.014 | 3.948

27 333 | 0.664 | 0.588 | 0.887 | 1.097 | 0.957 | 0.839 | 3.693 | 1.316

Table 4: Experimental Layout (Machine - 1)

1) Average S/N ratio corresponding to Depth of cut at level 3 1 3 3 2.307
2 = St2/3 4 2 1 2 2.136
2) Average S/N ratio corresponding to Depth of cut at level 5 2 2 3 4.777
3=St3/3 6 2 3 1 | 4.283
3) Average S/N ratio corresponding to feed at level 1 = 7 3 1 3 1.300
Sf1/3 _ _ 8 3 2 1 | 3785
4) Average S/N ratio corresponding to feed at level 2 = 9 3 3 2 3.948

Sf2/3

E. Calculation of S/N Ratio

Since the objective function (surface finish) is smaller — the-
better type of control function was used in calculation of S/N
ratio. The S/N Ratio for all the experiments were calculated
and tabulated as shown in table.

Experiment | Cutting Depth Feed SIN
No. Speed of cut Ratio
1 1 1 1 1.522
2 1 2 2 1.740

Table 5: Tabulated S/N ratios

The S/N ratios for the individual control factor s are
calculated as given below:
—  Ssl=(my1tM2tM3), Ss2=(m4+n5+n6) & Ss3=(n7+n8+n9)
—  StI=(m1tm4m7), St2=(n2+n5+m8) & St3=(m3+n6+n9)
—  Sfl=(n1tM5tM9), S2=(M2+n6+17) & Sf3=(n3+n4+n8)

For selecting the values of 11, 12, 13 etc and to
calculate Ss1, Ss2& Ss3 (here “Ss” is the cutting speed, “St”
is the depth of cut and “Sf” is feed) see table 4.6. nk is the
S/N ratio corresponding to Experiment k.
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1) Average S/N ratio corresponding to Cutting Speed at

level 1= Ss1/3

2) Average S/N ratio corresponding to Cutting Speed at

level 2= Ss2/3
3) Average S/N ratio corresponding to Cutting Speed at
level 3= Ss3/3
4) Average S/N ratio corresponding to Depth of cut at level
1 =St1/3
Cutting Speed Depth of Cut Feed
Lev Avera Avera Avera
el Sum Sum Sum
ge ge ge
1 | 5569 | 1856 | 4.958 | 1.652 9'89 3.197
2 1119 3.732 10.30 3.434 782 2.608
6 2 4
3 [9.033] 3.011 1Oé53 3.512 8'438 2.794

Table 6: The average of the signal to noise ratios for each

factor

o Speed w
U= 0o w s

a
(=]

1.856

3.732

3.011

Depth of Cut
= N w -

o

3.434

2
Level

3.512

1.652 7~

Fig.

4: Depth of cut-Level graph(machine 1)

35 3.197

. 5 608 2.794
25

2
Level

Fig. 5: Feed-Level graph (machine 1)

Parameter Level Value
Speed (rpm) 2 220
Depth of cut (mm) 3 0.50
Feed rate (mm/min) 1 10

Table 7: Optimum values for factors and their levels

F. Conducting the experiment in milling machine 2

1 5 3 Cutting Speed (rpm) | 1 =120 | 2=220 | 3=330

Level Depthofcut(mm) | 1=04 | 2=045] 3=05

Feed (mm/min) 1=10 | 2=18 | 3=40

Fig. 3: Speed-Level graph (machine 1) Table 8(a): Conducting the experiment in milling machine 2
Exgeriment ho. | Level Surface Roughness (Ra, pm Sum Yi? SIN
' 1 2 3 4 5 Mean

1 111 | 0.447 | 1.161 | 0.561 | 0.905 | 0.502 0.715 2.933 2.316
2 112 | 0.720 | 0.586 | 0.353 | 0.651 | 0.821 0.626 2.084 3.800
3 113 | 0.389 | 0.589 | 0.688 | 0.856 | 0.449 0.594 1.906 4.189
4 121 | 0.532 | 0.814 | 0.766 | 0.578 | 0.363 0.611 1.998 3.983
5 122 | 0.691 | 0.712 | 0.559 | 0.610 | 0.628 0.640 2.063 3.844
6 123 | 0.820 | 0.744 | 0.525 | 0.433 | 0.810 0.666 2.345 3.288
7 131 | 0.579 | 0.506 | 0.667 | 0.753 | 0.665 0.634 2.045 3.882
8 132 | 0.539 | 0.448 | 0.851 | 0.788 | 0.512 0.628 2.099 3.770
9 133 | 0.658 | 0.758 | 0.431 | 0.557 | 0.654 0.612 1.931 4.131
10 211 ] 0.701 | 0.481 | 0.664 | 0.632 | 0.732 0.642 2.099 3.770
11 212 | 0.867 | 0.620 | 0.618 | 0.607 | 0.615 0.665 2.265 3.440
12 213 | 0.870 | 0.512 | 0.871 | 0.658 | 0.751 0.732 2.775 2.558
13 221 | 0.514 | 0.569 | 0.534 | 0.598 | 0.801 0.603 1.872 4.266
14 222 ] 0.914 | 0.553 | 0.764 | 1.185 | 0.793 0.842 3.758 1.240
15 223 | 0.665 | 0.567 | 0.551 | 0.756 | 0.590 0.626 1.987 4.008
16 231 | 1.167 | 1.027 | 0.654 | 0.523 | 0.576 0.789 3.450 1.612
17 232 ]0.917 | 0.597 | 0.771 | 0.816 | 0.444 0.709 2.655 2.749
18 233 | 0.591 | 0.856 | 0.549 | 0.656 | 0.433 0.617 2.001 3.977
19 311 | 0.757 | 0.632 | 0.712 | 0.544 | 0.578 0.645 2.109 3.748
20 312 | 0.694 | 0.696 | 0.648 | 0.497 | 0.515 0.610 1.898 4.206
21 313 | 1.023 | 0.905 | 1.144 | 0.737 | 0.656 0.893 4.148 0.812
22 321 | 0.804 | 0.656 | 0.573 | 0.509 | 0.594 0.627 2.017 3.943
23 322 | 1.090 | 0.696 | 0.682 | 0.672 | 0.611 0.750 2.963 2.273
24 323 | 0.425 | 0.513 | 0.631 | 0.690 | 0.740 0.600 1.866 4.281
25 331 | 0.848 | 0.713 | 0.546 | 0.530 | 0.508 0.629 2.065 3.841
26 332 | 0.661 | 0.672 | 0.578 | 0.691 | 0.528 0.626 1.979 4.026
27 333 | 0.712 | 0.836 | 0.613 | 0.545 | 0.484 0.638 2.113 3.741
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0.594 1.866 4.281
Minimum | Minimum | Maximum
Table 8: Experimental Layout (Machine — 2)
. . Parameter Level | Value
G.. Calculat'lon.of SIN Rf'itIO o Speed (rpm) 1 120
Since the objective function (surface finish) is smaller — the- Depth of cut (mm) 2 0.45
better type of control function was used in calculation of S/N Feed rate (mm/min) 2 18

ratio. The S/N Ratio for all the experiments were calculated
and tabulated as shown in table. (Table 8).

Experiment | Cutting | Depth Feed SIN
No. Speed | of cut Ratio
1 1 1 1 2.316
2 1 2 2 3.844
3 1 3 3 4.131
4 2 1 2 3.440
5 2 2 3 4.008
6 2 3 1 1.612
7 3 1 3 0.812
8 3 2 1 3.943
9 3 3 2 4.026
Table 9: Tabulated S/N ratios
Level Cutting Speed Depth of Cut Feed
Sum | Avg. Sum | Avg. | Sum | Avg.
3.43 2.18 | 7.87 | 2.62
1 10.291 0 6.568 9 1 3
3.02 | 1179 | 393 | 11.3 | 3.77
2 9.060 0 5 1 1 0
2.92 325 | 895 | 2.98
3 8.781 7 9.769 6 1 3
Table 10: The average of the signal to noise ratios for each
factor.
3.6 3.43
3.4 o
§32 N302
2 5 N 2927
2.8
26
1 2 3
Level

Fig. 6: Speed-Level graph (machine 2)

5

3.931
4 3.256
3

2.189
2

Depth of Cut

1

0
1 2 3

Level

Fig. 7: Depth of cut-level graph (machine 2)

4 3.77

2.983
2.623

1 2 3

Level

Fig. 8: Feed-level graph (machine 2)

Table 11: Optimum values for factors and their levels

V. RESULT
Parameter Level | Value
Speed (rpm) 2 220
Depth of cut (mm) 3 0.50
Feed rate (mm/min) 1 10
Table 12: Optimum values of factors and their levels for
Machine 1
Parameter Level | Value
Speed (rpm) 1 120
Depth of cut (mm) 2 0.45
Feed rate (mm/min) 2 18
Table 13: Optimum values for factors and their levels for
machine 2

The Table 12 and 13 shows the optimum value for
factor and their level.

A. Analysis of Variance (ANOVA) and its Significance for
machine 1

) . F- P- Percentage
Sourc | D | Adj | Adj |\ | \ar | Contribution
e F SS MS
lue | ue (%)
Cutti 5370 | 2.685 | 3.6 | 0.2
g | 2|53 085 135 | 02 19.19
Speed
Depth 6.641 | 3320 | 44| 01
of | 2 16.19
5 8 | 5| 84
Cut
0542 | 027103 07
Feed | 2 : > 1% | 3 64.61
Error | o | 1493 | 0.746 0.0345
6 8
14.04
Total 8 79 100

Table 14: Analysis of Variance (ANOVA) for S/N ratio
It can be seen from this table that the contribution of
feed rate (64.61%) is more significant followed by cutting
speed (19.19%) and depth of cut (16.19%). It is clear that the
effect of error (0.0345%) on surface roughness is negligible
as compared to the control factors.

.

e

A

Contribution Of Factors

Crpth (8 Lt
L2

el
5

Fig. 9: Contribution of Factors-1
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B. Analysis of Variance (ANOVA) and its Significance

. . F- P- Percentage
Sourc | D | Adj Adj Val | Valu | Contribution
e F SS MS
ue e (%)
Cutti
043 | 0.21 | 0.0 | 0.92
ng 2 10 55 9 5 42.78
Speed
Dg‘}th , | 463|231 | 09 | 052 2422
11 55 2 2 )
Cut
206 | 1.03 | 04 | 0.71
Feed | 2 14 07 1 1 32.99
5.06 | 2.53
Error | 2 00 00 0.0345
12.1
Total | 8 835 100

Table 15: Analysis of Variance (ANOVA) for S/N ratio
It can be seen from this table that the contribution of cutting
speed (42.78%) is more significant followed by feed rate
(32.99 %) and depth of cut (24.22%). It is clear that the effect
of error (0.0345%) on surface roughness is negligible as
compared to the control factors.
Contribution Of Factors

R
g

Cating
o

Dol OF [t
%

Fig. 10: Contribution of Factors-2

VI. CONCLUSION

This study shows the application of the parameter deign using
Taguchi method in the optimization of process parameter in
milling machine. With this experiments the influence of the
different process parameter on the surface roughness is
analyzed. The level of importance of the process parameters
is determined by using ANOVA analysis. The following
conclusion can be drawn based on the above experimental
results of the study.

— For carrying out the successful milling operation, The
Cutting Speed, Depth of cut and Feed rate, should be
optimized.

—  Taguchi’s Method of parameter design can be performed
with lesser number of experimentations as compared to
that of full factorial analysis method.

— It is found that the parameter design of the Taguchi
method provides an easy, organized and efficient
methodology for optimizing the process parameters.

— S/N ratio is calculated with objective function smaller the
better. The optimum parameter is selected with highest
S/N ratio value.

— The optimum process parameter obtained by the
response table of S/N ratio for machine 1 is speed 220
rpm, depth of cut 0.5mm and feed 10 mm/min.

— The optimum process parameter obtained by the
response table of S/N ratio for machine 2 is speed 120
rpm, depth of cut 0.45mm and feed 18 mm/min.

(1]

[2

(3]

[4]

(5]

(6]

[7]

(8]

(9]

Analysis of result is done by Analysis of Variance
(ANOVA). It gives the significant of the factor.

From ANOVA table it is found that for machine 1 feed
rate (64.61%) is the most significant process parameter
and for machine 2 cutting speed (42.78%) is most
significant process parameter

Scope for future work

Taguchi method is successfully implemented in this
project work. It gives the effect of process parameter on
surface roughness.

This method can be applied for more than two machines.
This method can be applied for other machines like Lathe
machine, Shaper machine etc.

REFERENCES

Selvam milon D. et al. (2012), “Optimization of
machining parameters for face milling operation in a
vertical CNC milling machine using genetic algorithm”
International Journal (ESTIJ), Vol. 2 pp. 544-548.
Verma Narendra Kumar, Sikarwar Ajeet Singh(2016 ),
“’Optimizing Turning Process by Taguchi Method Under
Various Machining Parameters". International Research
Journal of Engineering and Technology (IRJET), Vol. 2,
pp 307-312

Raj R Ashok, Parun T, Sivaraj K and Kannan T T M
(2013). Optimization of milling parameter of EN8 using
Taguchi  Methodology. International Journal of
Mechanical Engineering and Robotics Research. Vol.2,
202-208.

Sukumar M. S., Venkata P. Ramaiah P., Nagarjuna A.
(2014), Optimization and Prediction of Parameters in
Face Milling of AI-6061 Using Taguchi and ANN
Approach. 12th global congress on manufacturing and
management, PP 365-371

MaiyarLohithaksha M, Dr. Ramanujam R., Venkatesan
K., Dr.Jerald J, (2013), “Optimization of Machining
Parameters for End Milling of Inconel 718 Super Alloy
Using Taguchi Based Grey Relational Analysis”.
International Conference on Design and Manufacturing,
IConDM2013 (64) 1276-1282.

Sumesh A S, Melvin Eldho Shibu (2016), “Optimization
Of Drilling Parameters For Minimum Surface
Roughness Using Taguchi Method”IOSR Journal of
Mechanical and Civil Engineering (IOSR-JMCE), pp 12-
20

Ghani J.A., Choudhury I.A., Hassan H.H. (2003),
“Application of Taguchi method in the optimization of
end milling parameters”.Journal of Materials Processing
Technology 145 (2004) 84-92 6.

Alagarsamy.S.V, Raveendran.P, Arockia Vincent
Sagayaraj, Tamil Vendan (2016) “Optimization of
machining parameters for turning of aluminium alloy
7075 using taguchi method” International Research
Journal of Engineering and Technology (IRJET) vol. 3.
pp 316-322

Ribeiro Jodo, Lopes Hernani, Queij Luis, Figueired
Daniel (2016) “Optimization of Cutting Parameters to
Minimize the Surface Roughness in the End Milling
Process Using the Taguchi Method”Periodica
Polytechnica Mechanical Engineering, pp 30-35.

All rights reserved by www.ijsrd.com 432



Comparative Study of Performance of Milling Machine for Optimum Surface Roughness
(13SRD/Vol. 5/1ssue 07/2017/103)

[10] ThakreAvinash A. (2013), Optimization of Milling
Parameters for Minimizing Surface Roughness Using
Taguchi‘s approach international Journal of Emerging
Technology and Advanced Engineering. vol. 3(6), 226-
230

All rights reserved by www.ijsrd.com 433



