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Abstract. This article presents an integrated multi-criteria decision making using Entropy, MOORA and
COPRAS methods for turning Nimonic C263. Experiments were performed under L27 Taguchi orthogonal
array. Dry turning was performed and cubic boron nitride (CBN) was used to turn the alloy. The variables speed,
feed and depth of cut were chosen as factors. For each experiment, the shear force component was measured
during on line. The insert flank wear was measured after every experiment. The main objective of this paper is to
identify the suitable trial to ensure minimum force and flank wear simultaneously. Because of the cost reduction
and quality improvement, the controlling factors level should be selected appropriately. Hence, the integrated
MCDM technique using MOORA, COPRAS and Entropy was chosen to determine the best experiment out of
27 experiments. Alternatives were ranked and the results were evaluated. The best experiment for minimization
of force and flank wear is found to be 125m/min, 0.055mm/rev and 0.25 mm. The experimental test were
observed with lesser deviation and confirmed that proposal found is more suitable to obtain minimum force and

flank wear.
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1 Introduction

Nickel alloy Nimonic C263 is found to be applied to
manufacture aero parts owing to its inherent quality to
resist the environmental changes and retention of its
mechanical properties during usage. However, its fatigue
life, creep limit and other mechanical properties are highly
dependent on the quality of the machined surface and the
machined surface should be free from residual stress and
should have a great finish. These qualities are highly
dependent upon the level of machining parameters, insert
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materials, mode of machining and also the above said
qualities can be improved by controlling the generation of
cutting force and flank wear during machining.
Machining of superalloys is still tough and a
challenging task owing to process stress, strain and
product quality requirements. The tool wear is found to be
a main issue in machining the Nickel alloy due to low
conductivity and the heat generated while machining is
caused to insert. As a result, high insert tip temperature
would cause extra wear on insert edge and part integrity
directly affected. The generation of temperature in
machining will be in the range of 1100 °C and 1300°C
[1]. The super alloys possesses a full range utilization in
aero industry and other chemical and petrochemical
factories.Howver,the machining factors impcts largely on
machining thes alooys such as Inconel 718, Nimonic C263,

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https: //creativecommons.org/licenses/by/4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://orcid.org/
https://orcid.org/
https://orcid.org/
https://orcid.org/
https://orcid.org/
https://orcid.org/0000-0001-8082-8649
https://orcid.org/0000-0002-5754-8216
mailto:shiva@aastu.edu.et
https://www.edpsciences.org
https://doi.org/10.1051/mfreview/2022014
https://mfr.edp-open.org
https://creativecommons.org/licenses/by/4.0

2 M. Krishna et al.: Manufacturing Rev. 9, 20 (2022)

Mnel metals etc. The factors such as speed, feed and depth
of cut influence on force, surface roughness, integrity etc.
The increase in speed cause temperature generation in the
machining area and result in decreasing the force and
roughness owing to loss of mechanical workpiece proper-
ties in the machining area [2]. The machinability issues
pertaining to many super alloys were recharged by many
researchers however, adequate research is to be carried out
on Nimoni C263 alloy and optimium parameters are to be
found out using various optimization tools to optimize the
machining characteristics such as forces, surface rough-
ness, integrity insert wear and temperature at machining
area [3].

Therefore, modelling and multi-response optimization
of parameters would be beneficial to study the impact of
the parameters before the actual experiments and thereby
the manufacturing, material and insert etc., the cost can
be avoided. The MOORA is used to find a solution to
calculate many complex decision-making issues in man-
ufacturing sectors and it can also be called a multi-
attribute optimization technique [4]. Various places such
as product and process designs, finance, aircraft designs
and manufacturing industries, automobile design and
manufacturing, oil and gas industry are required effective
decision support and also optimum decisions has to be
identified among conflict intentions. There are several
multi response optimization decision-making tools avail-
able such as Analytic hierarchy process (AHP), Technique
for Order of Preference by Similarity to Ideal Solution
(TOPSIS), analytic network process (ANP), MOORA
and Multi-Objective Optimization On The Basis Of
Simple Ratio Analysis (MOOSRA), ELimination et Choix
Traduisant la REalite (ELECTRE),Complex Propor-
tional Assessment Of Alternatives With Gray Relations
(COPRAS-G), andVIekriterijumsko KOmpromisno Ran-
giranje (VIKOR) to handle multiple responses under
conflicting criteria [5]. MOORA is an easy method
comparing SVR, GA etc., since MOORA minimize the
computational complexity. MOORA obtain feasible
results even under conflicting criteria [6]. Zong-Liang
Liang et al. developed a Multi-Objective Optimization
model using MOORA-Taguchi and used in the gas metal
arc welding process and validated with experimental
results. Further, the developed MOORA was utilized to
transform the correlated welding attributes into separate
index-quality [7].

V. Anandan et al. [8] analysed the significance of
graphene nanofluid while turning M42 steel using AHP and
MOORA. MOORA is a versatile method and widely
applied in the optimization of the parameters and
sustainable machining to solve environmental issues like
economic, social and environmental features [9,10]. Multi-
ple Attribute Decision Making (MADM) tools like
MOORA and Weighted Euclidean Distance Based
Approach (WEDBA) are also found to be suitable in
ranking the controlling factors and manufacturing activ-
ities [11].

The machining parameters were optimized in Elec-
trical Discharge Machining (EDM) operation using
MOORA technique and observed the optimum outputs
such as material removal rate (MRR), plasma flushing

efficiency (PFE), surface-roughness (SR) and recast layer
thickness were achieved by intermingling MOORA
with Weighted Principal Component Analysis (WPCA)
[12].

Hamdy et al. [13] have conducted a plasma arc welding
on mild steel and welding parameters were optimized by
MOORA-Standard deviation (SDV)-Genetic Algorithm
(GA), in which SDV and MOORA were used to allocate
weight criteria for all objects and to transform all responses
into a single attribute index respectively. GA was used to
model the all responses using attribute index. Durwesh
Jhodkar et al. [14] conducted a turning operation based on
an Loy array on titanium alloy and the controlling
parameters were optimized using a hybrid MOORA-
FUZZY approach. Further, it was proved that MOORA
can be used to optimize many conflicting outputs which are
related to certain constraints. MOORA has two things
such as reference and ration points and these were
considered as main to evaluate the overall performance
of each alternative. This COPRAS is used to convert a
more number of outputs into one index which can be called
as Multi Performance characteristics Index (MPCI) [14].

The levels of machining parameters are important as
these impact the responses; therefore these process impacts
are needed to be monitored and controlled. The force signals
were used to correlate the tool wear and it was reported that
the force signals have shown a good correlation with flank
wear [15]. The cutting force has changed in magnitude
depending upon the cutting edge status irrespective of the
cutting time. The forces are increases as the edge worn, it is
owing to an increase in contact surface in-between the
workpiece and cutting edge in the machining operation.
Therefore, optimized condition of the parameters is to be
found to optimize the magnitude of the force and wear [16].

Shoujin et al. [17] conducted dry turning on titanium
alloy and investigated the change of cutting forces
concerning change in the level of cutting speeds and
matched up with the flank wear. The flank wear was found
significant with volume material removed at both the speed
150 m/min and 220 m/min, but different wear mechanisms
were reported. Further, they have reported that the
magnitude of the cutting forces was found to be low at
speed 220 m/min then the forces observed at 150 m/min. It
would be owing to softening the machine zone due to high
heat at high-level speed hence low forces.

COPRAS (Complex Proportional Assessment) method
was introduced by Zavadskas and Kaklauskas in 1994 [18].
It is also used to identify the best possible alternative
among the set of all alternatives. The proportional ratios of
the best and worst ideal solutions are compared in
COPRAS method to determine a solution with the ratio
to the best solution. Varathrajulu et al. [19] have used the
multi criteria decision making (MCDM) methods like
TOPSIS and COPRAS to optimize the drilling parameters
in drilling magnesium alloys (Mg). In both the methods
identical sequence order were noted in TOPSIS and
COPRAS method. Further, it was confirmed that the
COPRAS method consumes less time in optimization. Do
Duc Trung [20] has conducted turning experimental trails
on 150Cr14 steel using TiAiN coated insert and compared
eight MCDM methods (SAW, MOORA, COPRAS,
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Table 1. Turning factors and their levels.

Factor Symbol Unit Level 1 Level 2 Level 3
Cutting speed A% m,/min 80 190 250
Feed rate S mm/rev 0.055 0.096 0.159
DOC ap mm 0.25 0.50 0.75

WASPAS, TOPSIS, VIKOR, PIV and PSI) to get
optimum parameters to obtain minimum of cutting force,
feed force, axial force and maimum of MRR. Out of eight
methods, seven methods perfomed similarly to obtain the
best experiment.

Seyed Hadi Mousavi-Nasab et al. [21] demonstrated
clearly the MCDM framework using four parameters such
as Attributes or decision factors (criteria), optionsor
choices (Alternatives), comparative significance of crite-
rion (Weight of attribute) and performance ratings of
options regarding the criteria.

From the state of the art, it is observed that the
application of MCDM techniques obtain best possible
values to optimize the outputs. Many researchers have
developed several models to predict the optimum results in
the machining of alloys, however, no study is found in
optimization of the parameters in turning Nimonic C263
alloy using MCDM. Therefore, an attempt is taken to
optimize the machining parameters using the MCDM
methods MOORA and COPRAS to obtain minimum of
cutting force and flank wear.

2 Turning experiment

The parameters including cutting speed, feed rate and
depth of cut were choosen as input factors to carry out the
experiment process.The turning trails were done using
NAGAMATI175 lathe. The lathe’s specifications: Height:
165 mm, swing: 305mm, speed: 54-1200 revolution/
minute, feed: 0.048-0.716 mm/rev, power: 1HP. The
Taguchi technique was utilized to design the experiment.
The input factors was choosen with three levels as given in
Table 1. The Lg; orthogonal array is shown in Table 2.
The cutting forces directly impact the surface roughness
and tool wear during machining process. The cutting force
generation were observed using Kistler piezo-electric tool
post dynamometer: coupled with amplifier. The flank
wear was recorded for every preset time interval with help
of tool maker’s microscope. The experimental results are
given in Table 2. The experimental details are shown in
Figure 1. CBN (Cubic boron nitride) insert was used
during the machining process. It has high hardness and it
is found to be suitable for high-speed machining of
superalloys. Dry turning is carried out. The experimental
results were given in Table 2. MCDM tools such as
MOORA and COPRAS were used to find best experiment
to minimize the cutting force and flank wear simulta-
neously. Entropy method was used to obtain the weight of
the criteria in order to reduce the influence of decision
maker’s intuition and perception.

3 Determine the weights using the Entropy
method

Entropy method generates weight for each criteria
considering the importance of criteria between and within
using the response value. The weights obtained will be used
for both MCDM methods MOORA and COPRAS. The
determination of the criterion weight using Entropy
method is done as follows [22,23].

Step 1: Obtain Normalised values.

o Yij
e T ~—=m 5 -
2
m+ Zi:1yij

Step 2. Calculate the value of the Entropy measurement
degree for each criterion.

ej=-> " [Py x In(Py)] - (1 - ZZIPU)
X ln(l — Z:ilPij).

Step 3. Calculate the weight for each criterion.

P (1)

(2)

l—ej

Z;il (1 - ej) .

wj; =

3.1 MOORA method

The MOORA method was firstly introduced in 2004 [8],
the steps are presented as follows. The following are the
steps involved in Ratio MOORA:

Step 1: Form a decision matrix X—=z; with ‘m’
alternatives and ‘n’ criteria, i=1, 2.3, ..., mand j=1, 2.3,

ey M

X = [z)] (4)

mxn®

Step 2: Normalise the decision matrix:

2
Zi:lxij
1=1,2,3,...,mand 7=1,2.3,...,n. (5)

where i=number of trials, j=number of responses and
n;; = normalized value of the ith experimental run related
with the jth responses.
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Table 2. Summary results of processing factors and attributes data of turning process.

Exp. Controlling factors Machining attributes
Trails

V-m/min S-mm/rev ap-mm F-N VB-mm
1 80 0.055 0.25 400 0.3
2 80 0.055 0.50 440 0.32
3 80 0.055 0.75 490 0.34
4 80 0.096 0.25 450 0.33
5 80 0.096 0.50 500 0.35
6 80 0.096 0.75 540 0.36
7 80 0.159 0.25 460 0.38
8 80 0.159 0.50 520 0.39
9 80 0.159 0.75 550 0.40
10 125 0.055 0.25 300 0.29
11 125 0.055 0.50 330 0.31
12 125 0.055 0.75 380 0.33
13 125 0.096 0.25 325 0.30
14 125 0.096 0.50 345 0.345
15 125 0.096 0.75 390 0.365
16 125 0.159 0.25 420 0.32
17 125 0.159 0.50 440 0.36
18 125 0.159 0.75 495 0.41
19 190 0.055 0.25 265 0.42
20 190 0.055 0.50 290 0.38
21 190 0.055 0.75 300 0.42
22 190 0.096 0.25 310 0.39
23 190 0.096 0.50 360 0.45
24 190 0.096 0.75 410 0.46
25 190 0.159 0.25 430 0.45
26 190 0.159 0.50 465 0.44
27 190 0.159 0.75 480 0.47

work: piece

"R

l-
dynamometetr:

¥
1M

output-cutting force

Fig. 1. Experimental details. (a) Insert & tool holder, (b) experimental set-up; (c) Flank wear measurement; (d) Dyanaware output-
cutting force measurement.
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Table 3. Normalized value for criteria.

Responses Normalised (n;)
Exp. CF FwW CF FwW
el 409 0.30 0.188 0.153
e2 451 0.32 0.208 0.164
e3 496 0.34 0.229 0.174
ed 433 0.33 0.200 0.169
eb 476 0.35 0.219 0.179
e6 521 0.37 0.240 0.189
e7 476 0.36 0.219 0.184
e8 519 0.38 0.239 0.194
e9 565 0.41 0.260 0.210
el0 290 0.29 0.134 0.148
ell 327 0.31 0.151 0.159
el2 366 0.33 0.169 0.169
el3 335 0.32 0.154 0.164
eld 372 0.33 0.171 0.169
el5 412 0.36 0.190 0.184
el6 401 0.34 0.185 0.174
el7 439 0.36 0.202 0.184
el8 479 0.39 0.221 0.199
el9 255 0.39 0.117 0.199
€20 283 0.41 0.130 0.210
e21 314 0.43 0.145 0.220
22 329 0.41 0.152 0.210
€23 358 0.43 0.165 0.220
24 389 0.45 0.179 0.230
25 428 0.43 0.197 0.220
26 458 0.45 0.211 0.230
27 490 0.48 0.226 0.245
Hi 2.549 2.575

k= —0.699 1-Hi ~1.549 ~1.575
Sum (Hi) = 5.124 Weight 0.496 0.504

Step 3: Determine the weighted normalised matrix
using

Vij = Mij X wj (6)

where w; indicates the weight of jth criterion.
Step 4: Calculate the final preference values (p}) by

pi=) vii— > v (7)
=1

J=s+1
where j=1, 2, 3, ..., s are those criteria which needs to be
maximised and j=s+1, s+ 2, ..., n are the remaining
criteria to be minimised.
The alternatives are ranked based on the values of
preference values (p}) in descending order.

Step 5: Find the utility degree N; in terms of ‘%’ using

N; = <p7> % 100. (8)

Max p;

Table 3 shows the normalized values of eaxh criteria
using equation (7). Table 4 shows the Relative closeness
(N;) and preference rank. The ANOVA was given in
Table 5, in which, the feed rate was identified as dominant
factor followed speed and depth of cut on the responses.

3.2 COPRAS method

The COPRAS method was firstly introduced in 1994 [6].
The steps are presented as follows. The mathematical
formulation of the COPRAS method is given below:
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Table 4. MOORA grade, relative closeness (N;) and rank.

Exp. MAX MIN D} Ni RANK
MOORA GRADE
el 0.000 0.171 -0.171 83% 8
e2 0.000 0.186 —0.186 76% 13
e3 0.000 0.201 -0.201 70% 18
ed 0.000 0.184 -0.184 7% 12
eb 0.000 0.199 -0.199 1% 17
eb 0.000 0.214 -0.214 66% 23
e7 0.000 0.202 —-0.202 70% 19
e8 0.000 0.217 -0.217 65% 24
€9 0.000 0.235 —-0.235 60% 26
el0 0.000 0.141 -0.141 100% 1
ell 0.000 0.155 —0.155 91% 2
el2 0.000 0.169 -0.169 84% 5
el3 0.000 0.159 -0.159 89% 4
eld 0.000 0.170 -0.170 83% 6
elb 0.000 0.187 -0.187 5% 14
el6 0.000 0.179 -0.179 79% 9
el7 0.000 0.193 -0.193 73% 16
el8 0.000 0.210 -0.210 67% 22
el9 0.000 0.159 -0.159 89% 3
€20 0.000 0.170 -0.170 83% 7
e21 0.000 0.183 —0.183 7% 11
e22 0.000 0.181 -0.181 78% 10
e23 0.000 0.193 -0.193 73% 15
e24 0.000 0.205 —0.205 69% 20
e25 0.000 0.209 —0.209 63% 21
e26 0.000 0.221 -0.221 64% 25
e27 0.000 0.236 —0.236 60% 27
Table 5. MOORA ANNOVA.
MOORA ANOVA
Factor SS dof MS F Contribution
Cutting speed 0.0037 2 0.0018 113.0 24.4
Feed rate 0.0075 2 0.0038 230.2 49.6
Depth of cut 0.0036 2 0.0018 110.7 23.9
Error 0.0003 20 0.0000 2.2
Total 0.0152 26 100
Step 1: Form a decision matrix where ‘m’ refers the number of attributes and ‘n’ refers the
number of alternatives.
Step 2: Determine the weight of the attributes ‘g;’.
T T2 Tim Step 3: Since each attribute is different, the elements of
D Tol X9 Tom the decision matrix are normalized using
Tij = e, (10)
Tnl  Tnl .xnm Zn )
i=1,2,...,n and j=1,2,...,m (9) =10
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1=1,2,...,nand j=1, 2, ..., m; and shown as
Tl T12 T1im
_ To1  Tol Tom
D= . . ’
fnl fnl jnm
1=1,2,...,n and j=1,2,...,m. (11)

The weighted normalized decision matrix D using
Tij =T * q;

A A A
T11 Z12 T1im
A A A
l/?\ _ Z21 Z21 Tom 7
A A /\
mnl mnl xnm
1=1,2,...,n and j=1,2,...,m. (12)

Step 4: Calculate the summation P; of those attributes

need to be maximized:
k

P, = Ziij,where ‘k’ indicates the number of attrib-
=1
utes requires maximization.
Step 5: Calculate the summation R; of those attributes
need to be minimized:

m
R; = Z Z;5, where ‘m-k indicates the number of
j=k+1
attributes requires minimization.
Step 6: Calculate the minimum value of R;
Rym =minR;, 1=1,2, ..., n
(2

Step 7: Determine the relative weight @); for each
alternative using:

Rmin f:le
Q; = P; R -~ (OR)
"R
Q=P+ 2 . (13)
RiZizl R;

Step 8: The maximum value @; among all alternatives will
be considered as the best alternative under priority.
Step 9: Determine the utility degree N; in terms of ‘%’

using
Q;
N; = [ ———— | % 100.
i <Max ) * 100

(14)

Using the equations [9-14], relative weight, utility
degree and its rank were calculated. The results are shown
in Table 6. The ranking results of the solutions were also
presented in Table 6. Further, the ANOVA was given in
Table 7, in which, it is seen that feed rate contribute
much on the responses followed by speed and depth of cut.
From the ranking results of the options according to
MOORA and COPRAS methods (Tabs 4 and 6), these two
methods, including MOORA and COPRAS indicate that

the experimental trial 10 is the best one. From this result, it
is observed that, if we want to minimize simultaneously
the cutting force and flank wear, the cutting speed is
125 mm /rev, feed rate is 0.055 and depth of cut is 0.25 mm.

4 MCDM method for the turning experiment

4.1 Weight calculation for outputs with help of the
entropy method

The cutting force is assigned as Y; and flank wear is
assigned as Y5. The normalized value for criteria, entropy
measure degree for the criteria and weights for the criteria
were determined and given in Table 3. It was determined
using the equations (1)—(3) respectively.

4.2 Multi-Criteria decision making using the MOORA
method

The calculated results such as MOORA grade (p}), relative
closeness (NV;) and rank were presented in Table 4, where
the weights of the criteria were calculated using entropy
method. The ranking results also presented in Table 4.
Further, MOORA ANOVA was done and it is observed
that the feed rate contribute more on the criteria followed
by cutting speed and feed rate and it is presented in
Table 5.

4.3 Multi-criteria decision making using the COPRAS
method

The values of R;, Q); and N, and rank were presented in
Table 6, Further, COPRAS ANOVA was done and it is
observed that the feed rate contribute more on the criteria
followed by cutting speed and feed rate and it is presented
in Table 7.

5 Experimental results and discussions

The experimental results were given in Table 2. In this,
cutting force has the minimum value at experiment 19 and
flank wear is the minimum value at experiment number 10.
Thus it is very clear that there is no an experiment that
simultaneously confirm the minimum values of flank wear
and surface roughness. Hence, we need to find an
experiment where cutting force and flank wear are
considered as minimum. Therefore, MCDM techniques
was used to find out an experiment to obtain the cutting
force and flank wear.

Therefore, MOORA and COPRAS were used to find
out an experiment for minimum of cutting force anf flank
wear. The experimental results in Table 2 show that it is
difficult to determine which of the experiment in 27
performed experiments have simultaneously the minimum
value of cutting forces, flank wear. This is explained as
follows. With the results in Table 2, for example, in
experiment 19, the cutting force was a minimum value
(equal to 265N), but in this experiment, the values of flank
wear are not a small one. Another example is experiment 1,
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Exp. Ri 1/Ri (@) Ni RANK
COPRAS GRADE

el 0.171 5.855 0.208 82% 8
e2 0.186 5.390 0.191 6% 13
e3 0.201 4.976 0.176 70% 18
ed 0.184 5.435 0.193 76% 12
eb 0.199 5.025 0.178 1% 17
eb 0.214 4.664 0.165 66% 23
e7 0.202 4.961 0.176 70% 19
e8 0.217 4.618 0.164 65% 24
€9 0.235 4.259 0.151 60% 26
el0 0.141 7.091 0.252 100% 1
ell 0.155 6.467 0.229 91% 2
el2 0.169 5.928 0.210 83% 5
el3 0.159 6.288 0.223 88% 4
eld 0.170 5.880 0.209 83% 6
elb 0.187 5.349 0.190 5% 14
el6 0.179 5.578 0.198 79% 9
el7 0.193 5.178 0.184 73% 16
el8 0.210 4.762 0.169 67% 22
el9 0.159 6.297 0.223 89% 3
e20 0.170 5.870 0.208 83% 7
e21 0.183 5.477 0.194 % 11
€22 0.181 5.529 0.196 8% 10
€23 0.193 5.191 0.184 73% 15
e24 0.205 4.881 0.173 69% 20
€25 0.209 4.793 0.170 67% 21
e26 0.221 4.532 0.161 64% 25
e27 0.236 4.243 0.150 60% 27
Table 7. COPRAS ANOVA.

COPRAS ANOVA
Factor SS dof MS F Contribution
Cutting speed 0.0042 2 0.0021 76.3 25.9
Feed rate 0.0076 2 0.0038 139.6 47.5
Depth of cut 0.0037 2 0.0019 68.2 23.2
Error 0.0005 20 0.0000 3.4
Total 0.0160 26 100

in this experiment, flank wear is the smallest one, but in
this experiment, the value of the cutting force is not a
small one (equal 400N). The above analysis showed that it
is difficult to select/choose one experiment from 27
experiments to ensure simultaneously the minimum of
cutting force and flank wear. Therefore, it is essential to
compute the multi-criteria decision matrix techniques to
decide the experiment with minimum cutting force and
flank wear.

The MOORA possesses four steps as Decision matrix
construction, Input data-Normalization, Weight calcu-
lation of each attribute, Determination of the Normalized
assessment determination for ranking the alternatives
[17].

The decision matrix construction is showing the effect
of various choices in respect of different objectives. The
decision matrix equation is shown in equation (1). The
process factors are to be normalized based on the formula of
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normalization. It transforms the attributes into non-
dimensional numbers and it is given in equation (2).
Higher the better for any attributes, the normalized
performances are added and subtracted incase of lower the
better attributes. Priorities are may be given to some of the
attributes, in this situation, the weights are multiplied with
it and it is given in equation (3). The suitable/best choice of
parameters is chosen based on the rank order of p; and the
good alternative has more value of p, whereas the bad
choice of alternative has a low value of p; [9,13]. The best
alternative is chosen based on N;j relative closeness value
and it is given in Table 3. Table 4 shows the normalized and
weight normalized values and its rank.

Based on the calculated results using MOORA, the
experimental trails are ranked and it is identified as: 8-13—
18-12-17-23-19-24-26-1-2-5-4-7-14-9-16—22-3—-6-11—
10-15-20-21-25-27. The best design experiment trail is
ordered as: 10-11-19-13-12-20-14-1-16-22-21-4-2-15—
23-17-5-3-7-24-25-18-6-8-26-9-27. It is meant that the
best combination of the controlling factors is in run 10 and
the worst is in run 27. The experimental run 10 has 100%
relative closeness and run 27 has 60% relative closeness.
The best combination of controlling factors to obtain
minimum of the output are identified in run 10 followed by
run 11 and 19. The best combination of controlling factors
were identified as spindle speed of 125m/min, feed rate
0.055 mm /rev and depth of cut 0.25 mm. Hence, the above
said sequence order is recommended to omit the manu-
facturing cost and also augment the component’s quality.

MOORA ANOVA is shown in Table 5, in which the
feed rate was found to be in 1st rank in affecting the
outputs followed by the depth of cut and cutting speed.
The. Further, the percentage contribution in affecting the
outputs are shown in Table 5 and the percentage
contribution such as 49.6%, 23.8% and 24.3% was
reported for feed rate, depth of cut and cutting speed
respectively.

The same best combination of controlling factors were
also identified as spindle speed of 125m/min, feed rate
0.055 mm /rev and depth of cut 0.25 mm using COPARAS
techniques. Based on the calculated results using COP-
RAS, the experimental trails are ranked and it is identified
as: 8-13-18-12-17-23-19-24-26-1-2-5-4-7-14-9-16-22—
3-6-11-10-15-20-21-25-27. The best design experiment
trail is as follows as shown in Table 6: 10-11-19-13-12-20—
24-1-16-22-21-4-2-15-23-17-5-3-7-24-25-18-6-8-26—
9-27. It is meant that the best combination of the
controlling factors is in run 10 and the worst is in run
27. The experimental run 10 has 100% utility degree and
run 27 is the worst alternative with 60% utility degree
(Tab. 6). The best combination of controlling factors to
obtain minimum of the output are identified in run 10
followed by run 11 and 19.

The best combination was identified as speed 125m/
min. feed rate 0.055 mm/rev and depth of cut 0.25mm.
Therefore, it is suggested to select the above sequence in
order to diminish the manufacturing cost and to augment
the quality of the component. The best combination of
controlling factors were identified both the MCDM
techniques such as spindle speed of 125m/min, feed rate
0.055 mm /rev and depth of cut 0.25 mm. Hence, the above

said sequence order is recommended to omit the manu-
facturing cost and also augment the component’s quality.
The ranking order found by MOORA is very well agreed
with COPRAS technique. Both techniques ranking order
coincide with 100%. The notable similitude among the two
rank orders are seen. Both the techniques possess easiest
computation to compute alternatives and the best
controlling factors in turning this alloy using CBN insert
for minimizing the cutting force and flank wear simulta-
neously.

Table 6 shows the relative weight, utility degree and its
rank. Table 7 indicates the COPRAS ANOVA, in which
the feed rate was found to be in 1st rank in affecting the
outputs followed by the cutting speed and depth of cut.
Further, the percentage contribution in affecting the
criteria were reported as 47.5%, 25.9% and 23.2% was
reported for feed rate, cutting speed and depth of cut
respectively.

The cutting force alone was found to be smaller in
experiments 10, 11, 12, 13, 14, 15, 19, 20, 21, 22, 23 and
ranged in 300N to 390N; however, the flank wear was found
to be higher in the above-said experimental trails as shown
in Table 2.

The cutting force in experiment 19 was found to be
minimum (equal to 265N) and this cutting force is at rank
number 3 (Tabs 4 and 6) (this cutting force value is lower
but flank wear value is higher compare to other experi-
ments).

The flank wear was found to be smaller in experiments
1,2,3,4,5,10, 11, 12, 13, 14, 16 and ranged from 0.29 mm
to 0.35 mm; however, the cutting force was found to be
higher in the above said experiments. Therefore, best
combination of factors such as V-125m/min, 0.055 mm/
rev and 0.25mm was chosen for minimizing the
criterias simultaneously using MOORA and COPRAS
methods.

In this work, only three input factors are considered and
have not considered insert’s signature, tool material,
lubrication condition etc., these additional factors can be
considered by considering multiple criteria/objectives like
surface roughness, temperature generation at the cutting
zone, surface integrity and change in the microstructure.
These additional inputs and outputs need to be considered
in the next research to bring the turning process on
Nimonic C263 alloy in a better comprehensive way.

6 Conclusions

Nimonic C263 alloy was turned in dry condition using CBN

insert. MOORA and COPRAS techniques were used for to

calculate the combination of controlling factors such as
cutting speed, feed rate and depth of cut for simultaneous
minimization of cutting force and flank wear.

— According to the relative closeness values in the
MOORA technique, the machining attributes are sorted
as follows: 8-13-18-12-17-23-19-24-26-1-2-5-4-7-14—
9-16—22-3-6-11-10-15-20-21-25-27. The optimium
sequence is found as follows: 10-11-19-13-12-20-14—
1-16-22-21-4-2-15-23-17-5-3-7-24-25-18-6-8-26-9—
27.
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— The COPRAS techniques’s rank list of experimental trails

is as follows: 8-13-18-12-17-23-19-24-26-1-2-5-4-7-

14-9-16-22-3-6-11-10-15-20-21-25-27.

optimium

sequence is found as follows: 10-11-19-13-12-20-24-1-

16-22-21-4-2-15-23-17-5-3-7-24-25-18-6-8-26-9-27.
— Based on both the techniques, the foremost combination

of factors is identified in run 10 and the worst is in run 27.
The sequencing order of MOORA ad COPRAS techni-
ques are found to be identical.

— The

best combination factors observed based on

MOORA and COPRAS of turning parameters for
simultaneous minimization of all the outputs are
identified with a cutting speed of 125 m/min, feed rate
0.055 mm/rev and depth of cut 0.50 mm.

— The percentage contribution of cutting speed, feed rate

and depth of cut on from ANOVA table was observed as
24.3%, 49.6% and 23.8% respectively.

— Feed rate was identified as a dominant factor in affecting

the force and flank wear followed by cutting speed and
depth of cut.

— Cutting force was affected owing to a change in the level

of speed and feed rate, whereas flank wear was increased
as the level of all factors increased.
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