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EN2S Steel possesses higher mechanical strength and corrosion resistance. Due its excellent properties, this work material is
used in heavy duty driver shaft. Turning of EN25 steel is complex and determination of optimal turning process parameters
is highly required to improve the cost effectiveness. In this research work coated carbide insert are used as the cutting
tool material to turn EN2S steel in the CNC machine. The turning process parameters considered in this work are cutting
speed, feed rate, depth of cut and type of the tool. The responses considered in this work are Tool life, surface roughness
and material removal rate. Multi criteria decision making is a new decision making method which is used to rank the best
alternatives among the given optimal solutions. In this work the technique for order performance by similarity to ideal
solution (TOPSIS) technique is used for solving the multi criteria decision problem. ANOVA analysis is also used to check
the adequacy of the model.
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Introduction find the influence of the machining process parameters

on the surface roughness and tool life. It is observed

TOPSIS method for the optimization of turning of that coated tools are more efficient than uncoated tools
EN25 Steel is demonstrated for the minimization of and also it is found that coated tools exhibit higher
circularity and cylindricity as the objective function [1]. cutting speed and depth of cut. The hybrid combination
It is found that the cutting speed of becomes influential of Taguchi — GRA and PCA technique to determine
parameter in turning EN25 Steel. The multi objective the turning process parameters for magnesium alloy are
optimization of turning of EN25 Steel using principle demonstrated [5]. Cutting force, Material removal rate,
component analysis are discussed for the minimization tool flank wear and surface roughness are considered as
of surface roughness, cutting force and maximization of the responses in machining of magnesium alloys using
material removal rate [2]. The SN ratio is used to find physical vapor deposition coated carbide inserts in dry
the weight factor and the significance of each process conditions. L.27 orthogonal array are used to conduct
parameter and its percentage of contribution is also the experiments and ANOVA analysis is also performed
anlaysed. The desirability function analysis is applied to determine the significant contributing parameter in
to determine the optimum machining process parameters machining of magnesium alloys. The multi response
in turning of EN25 Steel using coated carbide tools [3]. optimisation of turning process parameter during turning
L18 orthogonal array is used to conduct the experiments of carbon steels using GRA and TOPSIS methods are
and the objective of the work is to minimize the cutting demonstrated [6]. ANOVA analysis are performed at
force and surface roughness. The desirability values are 95% confidence level and it is reported that depth of
calculated and the significance of each process parameters cut is the significant process parameter during machining
during machining of EN25 Steel are calculated. EN25 of Carbon Steel. The relative closeness co-efficient of the
are machined using steel using coated and uncoated multi response characteristics are found to be improved
Titanium-Aluminium-Nickel alloy cutting tools [4]. The using TOPSIS method. Multi objective optimisation
aim of the work is to find the tool wear and surface technique and demonstrated particle swarm optimization
roughness and the signal to noise ratio are employed to methodology to determine the optimal turning process

parameters are employed [7]. The non-linear relationship
" ; ) between machining parameters and response are
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removal rate are considered as the objective functions
and the optimum cutting conditions are determined. It
is inferred; the neural network technique is highly useful
in the determination of the optimum values for any
multi objective problems. Multi objective optimization
using TOPSIS in turning process is discussed by several
researcher [8-10]. MCDM techniques have the ability
to recognize the proper alternative immediately. The
computational process is quite simple when compared to
the other alternative resources. MCDM techniques have
the ability to incorporate criteria with heterogeneous
units. MCDM techniques are used in production units,
communication networks, transportation problems etc.
Multi objective problem optimization are carried out
by several researchers and TOPSIS is found to be
best optimization technique in the determination of the
optimized process parameters in machining processes
[11-13]. The solutions that are generated by these
methods are a compromise among several goals and
this leads to not obtaining the optimal point due to the
nature of the problem. Several multi objective problems
are optimized using advanced optimization techniques
[14-15].

Experimental Methodology
The surface roughness is very important aspect

in machinability studies and Mitutoyo surftester is
used to measure the surface roughness. The surface

Table 1. Experimental Data.

roughness is measured at three different locations and
the average of the three is recorded here. The tool
life is the successful number of hours before it is re-
sharpened and it is measured in minutes. Material
removal rate is the product of the cutting speed, fed
rate and depth of cut and MRR is the amount of volume
which is removed during the turning process. Designs
of experiments are used to conduct the experiments
and L18 orthogonal array is selected to conduct the 18
experiments and the experimental data are presented in
Table 1. L18 Orthogonal array is used to test multiple
factors and interactions with a minimal number of test
cases. MCDM can increase decision quality with more
effective and rational methods than traditional processes.
In this research work, MCDM approach is used and
the material removal rate, Tool life are considered to
be the beneficial attribute and it is considered as the
maximization problem while the surface roughness
is considered as the non-beneficial attribute and it is
considered as the minimization problem.

Results and Discussion

The analyses of variance for surface roughness,
material removal rate and tool life are carried out and
presented in the Table 2-4 respectively. It is observed
that the P value is very close to zero and R-square value
for surface roughness is found to be 90.13% and it is
significant. Similarly the R-square value for material

Run Type of tool  Cutting speed Feed Depth of Cut Rcsnlj;flif:ss MRR Tg;[lhlll)fe
1 1 125 0.1 0.5 1.54 46.25 154.23
2 1 125 0.2 1 1.08 22.25 167.87
3 1 125 0.3 1.5 1.49 53.01 172.78
4 1 175 0.1 0.5 1.93 64.11 161.94
5 1 175 0.2 1 1.24 18.56 169.32
6 1 175 0.3 1.5 1.58 58.96 163.08
7 1 225 0.1 1 1.44 64.28 178.25
8 1 225 0.2 1.5 1.44 49.25 193.64
9 1 225 0.3 0.5 1.68 73.02 201.78
10 2 125 0.1 1.5 1.8 48.68 124.25
11 2 125 0.2 0.5 1.63 28.56 142.77
12 2 125 0.3 1 1.36 32.25 152.36
13 2 175 0.1 1 1.75 39.58 133.89
14 2 175 0.2 1.5 2.03 36.58 140.38
15 2 175 0.3 0.5 2.04 62.24 157.69
16 2 225 0.1 1.5 1.84 69.31 167.25
17 2 225 0.2 0.5 1.96 57.25 186.31
18 2 225 0.3 1 1.82 67.87 181.14




282

Table 2. Analysis of Variance for Surface Roughness.
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Souree Treodomof Sqursof Sums Sumof Squay F Vil P Vale
Type of Tool 1 0.43867 0.43867 0.43867 34.80 0.000
Cutting Speed 2 0.025441 0.025441 0.12721 10.09 0.004

Feed rate 2 0.07241 0.07241 0.03621 2.87 0.103
Depth of cut 2 0.38601 0.38601 0.19301 15.31 0.001
Error 10 0.12606 0.12606 0.1261
Total 17 1.27756
S = 0.112274; R-square = 90.13%
Table 3. Analysis of Variance for MRR.

o e St Mo hlen v e
Type of Tool 1 30.2 3.02 3.02 0.11 0.744
Cutting Speed 2 1949.38 1949.38 974.69 36.37 0.000

Feed rate 2 1820.54 1820.54 910.27 33.96 0.000
Depth of cut 2 710.67 710.67 355.34 13.26 0.002
Error 10 268.02 268.02 26.80
Total 17 4751.63
S =5.17710; R-square = 94.36%
Table 4. Analysis of Variance for Tool life.

s bl S o Aol rve v
Type of Tool 1 1737.55 1737.55 58.00 0.000
Cutting Speed 2 3942.95 3942.95 1971.48 65.81 0.000

Feed rate 2 1065.38 1065.38 532.69 17.78 0.001
Depth of cut 2 156.54 156.54 78.27 2.61 0.122
Error 10 299.56 299.56 29.96
Total 17 7201.98

S = 5.47321; R-square = 95.84%

removal rate is found to be 94.36% and R-square value
for the tool life is found to be 95.84% respectively and
highly significant. The response table for signal to noise
ratios for the surface roughness is shown in Table 5,
and it is observed that the depth of cut is the most
significant parameter. The next influencing parameter in
the minimization of the surface roughness is type of tool,
cutting speed and Feed rate. The response table for signal
to noise ratio for material removal rate is presented in
Table 4. It is inferred that the feed rate is the highly
influencing parameter in the maximization of the tool
life ad it is followed by the cutting speed, depth of cut

Table 5. Response Table for Signal to Noise Ratios (a) Surface
roughness (b) Material Removal Rate (c) Tool life.

Table 5(a)

Level Type of Cutting Feed rate Depth of
Tool speed cut
1 -3.364 -3.317 -4.649 -5.042
2 -5.063 -4.793 -3.657 -3.073
3 -4.531 -4.335 -4.526
Delta 1.699 1.476 0.991 1.969
Rank 2 3 4 1
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Table 5(b) Table 5(c)
Level Type of Cutting Feed rate Depth of Level Type of Cutting Feed rate Depth of
Tool speed cut Tool speed cut
1 33.22 31.29 34.69 34.48 1 44.76 43.61 43.64 44.42
2 3341 32.67 30.28 31.21 2 43.68 43.74 44.38 44.24
3 35.98 34.98 34.26 3 4532 44.64 44.01
Delta 0.20 4.69 4.69 3.27 Delta 1.09 1.71 1.00 0.41
Rank 4 2 1 3 Rank 2 1 3 4
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Fig. 1. Main effects plots for signal to noise ratio (a) Surface roughness (b) Material Removal Rate (c) Tool life.

and type of the tool used for the turning process. The
response table for signal to noise ratio the tool life is
presented in Table 5. It is observed that the cutting speed
is a most influencing parameter in maximization of the
tool life and it is followed by type of the tool, feed rate
and depth of cut. The main effects plots for signal to
noise ratio for surface roughness, material removal rate
and tool life are shown in the Fig. 1(a-c).

TOPSIS Approach
TOPSIS, or Technique for Order Preference by

Similarity to Ideal Solution, is a method for making
decisions that involves comparing multiple options. The

I Step 1: Establish a performance matrix I

Y

[ Step 2: Normalize the decision matrix l

Y

[ Step 3: Calculate the weighted normalized decision matrix l

l Step 4: Determine the positive ideal and negative ideal solutions |

Y

l Step 5: Calculate the separation measures ‘

Y

l Step 6: Calculate the relative closeness to the ideal solution |

Y
| Step 7: Rank the preference order |

Fig. 2. Methodology of TOPSIS.

methodology of TOPSIS is given in Fig. 2.

The first step in the TOPSIS approach is to find
objective of the work. In this work minimization of
surface roughness and maximization of material removal
rate and maximization of tool life is considered. The next
step is to determine the decision matrix, M1 and it is
obtained from the experimental data.
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The next step is to find the normalised matrix, M2
which gives the normalized values of the decision matrix
with weightages.

0.225275038 0.220107612 0.226821
0.157985092 0.105889608 0.246881
0.217960914 0.252279016 0.254102

0.28232521 0.305104843 0.23816
0.181390291 0.08832859 0.249013
0231126338 0.280595563 0.239836
0.210646789 0.305913887 0.262146
0.210646789 0.234384862 0.28478
0.245754587 0.347508277 0.296751
0.263308486 0.231672184 0.18273
0.238440463 0.135919425 0.209967

0.19894419 0.153480443 0.224071
0.255994362 0.188364525 0.196907

0.29695346 0.174087274 0.206452
0.298416284 0.296205357 0.231909
0.269159786 0.329852077 0.245969
0.286713685 0.27245753 0.274
0.266234136 0.322998997 0.266396

The relative importance of the responses of surface
roughness, material removal rate and tool life are taken
to be 0.34, 0.33 and 0.33 respectively. These weights
are selected based on the relative importance between
the parameters and the responses and its sum is equal
to one. The next step in TOPSIS is the estimation of
weight normalized matrix, M3. Since all the responses
are considered to weighed equally the relative importance
for surface roughness, MRR and tool life are considered
to be taken as 33% weightage for all the responses. Since
all the responses are considered to weighed equally the
relative importance for surface roughness, MRR and tool
life are considered to be taken as 33% weightage for all
the responses.

0.073961 0.07107 0.072684
0.051869 0.03419 0.079113
0.07156 0.081458 0.081427
0.092692 0.098515 0.076318
0.059553 0.02852 0.079796
0.075882 0.090601 0.076855
0.069159 0.098776 0.084004
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0.069159 0.059053 0.091257
0.080685 0.112206 0.095093
0.086448 0.074804 0.058556
0.078284 0.043887 0.067284
0.065316 0.049557 0.071803
0.084047 0.060821 0.063099
0.097494 0.056211 0.066157
0.097975 0.095641 0.074315
0.088369 0.106505 0.07882
0.094132 0.087973 0.087803
0.087409 0.104292 0.085366

After obtaining the weighted normalized matrix the
ideal distance best and worst solutions of the responses
are determined. The ideal positive and negative
separations measures are given in matrix, M4.

Si+ Si- PI Rank
00224 00142 03871 13
00160 00206  0.5626 8
00137 00229 06262 6
00188 00178 04861 11
00153 00212 05811 7
00182 00184 05014 10
00111 00255  0.6971 5
00039 00327  0.8924 2
00000 0.0366 10000 1
00366 00005  0.0144 18
00951 00087  0.0841 17
00233 00133 03627 14
00320 00046  0.1247 16
00290 00076 02074 15
00208 00158 04312 12
00163 00203 05548 9
00074 00292  0.7989
00097 00268 07338 4

The next step is to determine performance score which
is given as the ratio of the negative solution to the sum
of the positive and negative ideal solutions. The ranking
of the alternatives are done and in this research work
the order of the ranking is found to be in this manner;

13-8-6-11-7-10-5-2-1-18-17-14-16-15-12-9-3-4
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It is inferred that the experimental run, 13 with cutting
speed 175 m/min, feed rate 0.1 mm/rev and depth of cut
Imm gives the best optimal results for minimum surface
roughness na d maximum tool ife and MRR.

Conclusion

Turning of EN25 steel is carried out to optimize the
turning process parameters using mulit criteria decision
making techniques. TOPSIS is implemented in this
work and the optimum turning process parameters are
determined and then it is ranked. It is observed that the
experiment run 13 provides the best optimum results
and provides minimum surface roughness and maximum
material removal rate and tool life. The several steps in
the analysis of TOPSIS is discussed in detail and the
ANOVA analysis is also determined and the results are
found to be satisfactory.
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