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Multi objective Optimization of Turning Process
Parameters at Different Conditions of Coolant

Flow Rate

K. Srinivas, G. Gopinath, A. Saikumar, Md.

Abstract: AA6064 isthe most used nickel based super alloy. Itis
having high material strength, hardness and resistance to
corrosion with good creep resistance. These propertiesin AA6064
is an attractive material and it is most commonly used in
aerospace, gas turbine, marine and oil industries In this project
machining of AA6064 is considered for the study. In these works
three factors, cutting Speed (N), DOC (d), feed rate (f) are
considered as parameters and their effect on metal removal rate
(MRR) and surface roughness (SR) is studied through
experimental investigation. The search for the optimal limited
number of experimental runs, Taguchi’s orthogonal array Lg iS
used. In this three factors with three levels are considered to
conduct the experiments and these experiments are conducted
with three different conditions of coolant. Totally 27 experiments
are conducted. Grey relational analysis employed to identify
optimal combinational of process parameter valuesthat minimize
the surface roughness and maximize the metal removal rate..

Keywords: CNC Turning, MRR, SR, Coolant Flow Rate, Grey
Relational Approach

. INTRODUCTION

Today’s scenario, auminium aloys has expanded its
attention to industrialists, researchers, engineers and
designers as important structural materials in aerospace
applications and in automotive industry. Particularly,
aluminium (6000 series) alloys have been used widely due to
it’s medium strength, workability, corrosion resistance and
lower cost compared to other aluminium alloys.
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It requires more input power. To improve the turning
operation, it is important to determine optimum parameters
for this turning operation. It is an important task in selecting
the cutting parametersin turning operation of material in CNC
machining process. surface quality is the most important
factor in performance measure and is mostly used in
engineering process in product quality at the same time metal
removal rate(MRR) also directly affects the surface quality
production cost and machine hour rate. These two
performance measures are important to improve the
machining performance operation. Hence multiple objective
optimization technique such as Grey relationa analysis
(GRA) is used to optimize process parameters

. LITERATURE REVIEW

Md. Tayab Ali, et. a have studied the turning of AA6063
with Taguchi’s technique[l]. It is easy to use for process
optimization and it may be extended to other aluminium
aloys considering of growing importance such alloys. They
analyzed the surface roughness and MRR with input
parameters.

Mohana Selva kumar et a has investigated the turning of
AAG6063 [2]. They found that feed rate has the most
influencing effect on the quality classification of surface
roughness followed by spindle speed and DOC. They have
predicted Optimum parameter set for surface roughness in
turning AA6063 through CNC turning machining

B. Ramreddy et a have anayzed the effect of input
parameters (cutting velocity, feed rate and DOC) on surface
roughness (SR) and MRR, by using tungsten carbide tools[3].
Yogendar singh et a have studied the optimize cutting
parameters while turning operation of aluminium alloy
AAB063-T6 by using tungsten carbide insert [4]. The cutting
parameters include nose radius, spindle speed, feed rate, and
DOC.

S. Saktivelu et a studied experimental design on Taguchi
method[5]. It have been studied for optimizing mult process
parameters for CNC Milling and turning machining of Al
Alloys.

Swargj Samanta, et a have studied turning of aluminium,
cutting fluid performs cooling action more at different
conditional stages on higher productivity and hence proves
that coolant acts vital role in the machining process of CNC
Turning[6].

P. Jayaraman et al have studied the optimization for the
surface roughness, roundness, MRR etc by grey relational

analysig[7].
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They conducted different experiments under different
condition for diverse combination of machining parameter.
The objective of present work to determine optimum process
parameters in minimizing surface roughness and maximizing
metal removal rate for machining of Al6064 by multi
objective optimized techniquei.e. Grey Relational Analysis.

(1. METHODOLOGY

3.1. GREY RELATIONAL ANALYSIS
GRA is a multi-objective optimization technique, it uses
Taguchi’s orthogonal array to conduct the experiments. In
GRA No. of experimentations to be conducted depends on
number of process parameters chosen for the study and their
levels. Based on number input process parametersand levels
orthogonal array hasto be selected.
In this study, a data processing method for MRR, the
higher isthe better and it is expressed as
Xi (k) _ vilk) —min vi(k)

max yi{k)—min yi(k)

Surface roughness, which should be lower and it can be
expressed as

Xi (k)
= max yil k) —min yi (k)
Where xi(k)=Normalized values,

miny;(k)=the smallest value of y;(k) for the k™ response
max y;(k)=the largest value of yi(k) for the k™ response.

max vi (k) —yi(k)

After getting normalized to values, grey relationa
coefficients can be find out by using following formula

Amin+¥Amax

ri(k)= A0i (k) + ¥ Amax

Where AOi =11X0(k)=Xi(k)Il = difference of values between
XO0(k) and Xi(k);
¥ = Distinguish Coefficient (0.0 to1.0) generally ¥ =0.5
Amin isleast value of AOi
Amax is highest value of AOi
After getting grey relational coefficients, Grey Relational
Grade (GRG) (yi) can be expressed as

| Vi ‘ =X ri
Where nisthe number of responses. The highest value of the
GRG means that the corresponding input parameter is near to
optimal. High GRG gives the optimal conditions

IV. EXPERIMENTATION AND RESULTS

Experiments are conducted on CNC Turning machine to
optimize output performances.

Table4.1 Levelsof Parameters

SNo Parameter Level 1 Level 2 Level 3
5
1 | Speed(rpm) | 700 1200 1700
2 | Feed 0.1 0.15 0.2
mm/min)
3 | bDOC(mm) | 0.3 0.6 0.9

These experiments are conducted at different conditions and
these are given below

» Without coolant

» Max flow of coolant
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» Minimum Quantity of Coolant (MQC)

Selection of Orthogonal Array

Depending upon number of process parameters and their
levels, a suitable orthogonal array is selected. In thiswork
three process parameters with three levels are consider. For
this setup, suitable orthogonal array isL9 and it is shownin
thetable 4.2

Table 4.2 L09 orthogonal array

Ex. Parameter-1 Parameter -2 Parameter -3

No
1 Level-1 Level-1 Level-1
2 Level-1 Level-2 Level-2
3 Level-1 Level-3 Level-3
4 Level-2 Level-1 Level-2
5 Level-2 Level-2 Level-3
6 Level-2 Level-3 Level-1
7 Level-3 Level-1 Level-3
8 Level-3 Level-2 Level-1
9 Level-3 Level-3 Level-2

In this setup machining is performed on CNC Turning
machine with three different conditions of coolant. CNC
Turning Machine and workpieces after machining are shown
infig 4.1, fig 4.2 respectively

Fig4.2 Work piecesafter machining process without
coolant
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Experimental values are shown in the Table 4.3
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Table 4.3 Experimental values at different conditions of Coolant

Experimental setup Without coolant Maximum Flow of Minimum Quantity
Coolant of Coolant
SNo
Speed Feed DOC MRR Surface MRR Surface MRR Surface
roughness roughness roughness
1 700 0.1 0.3 414.67 1.175 399.6 0.647 399.60 0.826
2 700 0.15 0.6 511.11 1.160 563.53 1.525 578.361 1.577
3 700 0.2 0.9 732.60 2.705 732.60 2.292 732.6 2.352
4 1200 0.1 0.6 646.41 0.820 646.41 0.574 646.41 0.777
5 1200 0.15 0.9 915.75 1.713 915.75 1.498 915.75 1.550
6 1200 0.2 0.3 961.5 2.555 954.68 2.239 892.45 2.321
7 1700 0.1 0.9 879.12 1.662 879.12 0.567 879.12 0.67
8 1700 0.15 0.3 921.12 1.606 984.62 1.553 980.75 1.604
9 1700 0.2 0.6 985.21 1.835 989.15 0.932 996.21 2.454

4.1. FINDING OPTIMUM PROCESS PARAMETERS

OF CNC TURNING WITHOUT COOLANT BY GREY

RELATIONAL ANALYSIS(GRA)

GRA is carried with empirical relations and these values are

given in the Table 4.4 for maching of AL6064 by CNC
Turnoing without coolant

Table 4.4 Grey Relational Analysisvalues for turning without coolant
Normalized Values AQi values Grey relational coefficients
S.No MRR Surface MRR Surface MRR Surface GRG
roughness roughness roughness
1 0 0.811 1 0.189 0.333 0.725 0.529
2 0.169 0.819 0.831 0.181 0.375 0.734 0.554
3 0.557 0 0.443 1 0.530 0.333 0431
4 0.406 1 0.594 0 0.457 1 0.728
5 0.878 0.526 0.122 0.474 0.803 0.513 0.658
6 0.958 0.079 0.042 0.921 0.922 0.351 0.636
7 0.814 0.553 0.186 0.447 0.728 0.527 0.627
8 0.887 0.583 0.113 0.417 0.815 0.545 0.68
9 1 0.461 0 0.539 1 0.481 0.740

After getting GRG, the experiment number which is having highest value of GRG represents optimum values of
selected process parameters. |n this highest values of GRG is occurring at the Ninth experiment and the value of GRG isgiven
by 0.740. The predicted optimum values are given by cutting speed=1700rpm, Feed rate=0.2millimeter/minute and Depth of
Cut=0.6millimeter.

4.2. FINDING OPTIMUM PROCESS PARAMETERS OF CNC TURNING WITH MAXIMUM FLOW OF

COOLANT BY GREY RELATIONAL ANALYSIS(GRA)

GRA iscarried with empirical relations and these values are given in the Table 4.5 for maching of AL6064 by CNC Turnoing
with maximum flow of coolant
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Table.5 Grey Relational Analysisvalues for turning with Maximum Flow of Coolant

Normalized Values AQi values Grey relational
coefficients
S.No GRG
MRR Surface MRR Surface MRR Surface
roughness roughness roughness
1 0 0.953 1 0.047 0.333 0.914 0.623
2 0.278 0.444 0.722 0.556 0.409 0.473 0.441
3 0.564 0 0.436 1 0.534 0.333 0.433
4 0.418 0.995 0.582 0.005 0.462 0.990 0.726
5 0.875 0.460 0.125 0.54 0.8 0.480 0.64
6 0.941 0.030 0.059 0.97 0.894 0.340 0.617
7 0.813 1 0.187 0 0.727 1 0.863
8 0.992 0.428 0.008 0.572 0.984 0.466 0.725
9 1 0.788 0 0.212 1 0.702 0.851

After getting GRG, the experiment number which is having
highest value of GRG represents optimum values of selected
process parameters. In this highest values of GRG is
occurring at the seventh experiment and the value of GRG is
given by 0.863. The predicted optimum values are given by
cutting speed=1700rpm, Feed rate=0.1millimeter/minute and
Depth of Cut=0.9millimeter

4.3. FINDING OPTIMUM PROCESS PARAMETERS
OF CNC TURNING WITH MINIMUM QUANTITY OF
COOLANT BY GREY RELATIONAL
ANALYSIS(GRA)

GRA is carried with empirical relations and these values are
given in the Table 4.6 for maching of AL6064 by CNC
Turnoing with minimum quantity of coolant

Table 4.6 Grey Relational Analysisvalues for turning with Minimum Quantity of Coolant

Normalized Values AQi values Grey relational
coefficients
S.No GRG
MRR Surface MRR Surface MRR Surface
roughness roughness roughness
1 0 0.912 1 0.088 0.333 0.850 0.591
2 0.299 0.491 0.701 0.509 0.416 0.495 0.455
3 0.558 0.054 0.442 0.946 0.530 0.345 0.437
4 0.413 0.940 0.587 0.06 0.459 0.892 0.675
5 0.865 0.506 0.135 0.494 0.787 0.503 0.645
6 0.826 0.074 0.174 0.926 0.741 0.350 0.545
7 0.803 1 0.197 0 0.717 1 0.858
8 0.984 0.476 0.016 0.524 0.968 0.488 0.728
9 1 0 0 1 1 0.333 0.666
After getting GRG, the experiment number which is

having highest value of GRG represents optimum values of

selected process parameters. In this highest values of GRG is

occurring at the seventh experiment and the value of GRG is

given by 0.858. The predicted optimum values are given by

cutting speed=1700rpm, Feed rate=0.1millimeter/minute and

Depth of Cut=0.9millimeter

Optimum values for maximum of MRR and Minimum of

surface roughness at different conditions of coolant flow rate

aregiveninthe Table 4.7
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Table 4.7 Comparison of MRR and Surface Roughness

Coolant Without With With
condition coolant | maximum | minimum
flowrate | quantity
of coolant | of coolant
flow rate
Optimum 9 7 7
Experiment No
Speed (RPM) 1700 1700 1700
Feed(mm/min) 0.2 0.1 0.1
Depth of 0.6 0.9 0.9
cut(mm)
MRR(mm%/min) 985.21 879.12 879.12
Surface 1.835 0.567 0.67
Roughness (um)

From the experiments, it is observed that surface roughnessis
more in dry machining than in wet machining condition. Built
up edge (BUE) forms in dry machining due to generation of
heat and machine surface get damaged. In wet machining
coolant avoids from the development of BUE and reduces
heat generation at the junction of work and tool. So wet
machining giveslower surface roughness than dry machining.
If increasing coolant flow rate maximum of the generated heat
taken by the coolant and it can reduces friction at work piece
and tool interface leads to further increase in surface finish.
So surface finish more at higher coolant flow rate.

Maximum metal removal rate is achieving at maximum
cutting speed, maximum feed and maximum depth of cut but
at these conditions surface roughness is maximum. Because
of requirements of lower surface roughnessit is not possible
to get a higher MRR. The minimum value of surface
roughness occurs at minimum speed and minimum feed and
minimum depth of cut but at these conditions materia
removal rate is very low. So it increases production cost. If
maximum metal removal rateis required at minimum surface
roughness then increase the cutting speed and lower the feed
rate.

V. CONCLUSION

This experimental approach is to study the effect of input
process parameters on metal removal rate and surface
roughness by applying different stages of coolant
conditions through CNC turning process

1.1f the machining is done without coolant, the optimum
values to get maximum MRR and minimum surface
roughness are predicted and these values are given by
cutting speed=1700rpm, Feed rate=0.2millimeter/minute
and Depth of Cut=0.6mm

2.1f the machining is done with maximum flow of coolant,
the optimum values to get maximum MRR and minimum
surface roughness are predicted and these values are given
by cutting speed=1700rpm, Feed rate=0.1
millimeter/minute and Depth of Cut=0.9mm

3. If the machining is done with minimum flow of coolant, the
optimum values to get maximum MRR and minimum
surface roughness are predicted and these values are given
by cutting speed=1700rpm, Feed rate=0.1
millimeter/minute and Depth Of Cut=0.9mm

By observing the above optimum values for maximum MRR
and minimum surface roughness concluded that Coolant
flow rate is not showing very much impact on MRR.

Surface roughness is more in dry machining condition than
wet machining condition. Built up edge (BUE) formsin dry
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machining due to heat generation, machine surface get
damaged. In wet machining the coolant prevents the
formation of BUE and aso reduces heat generation at the
interface of tool and work piece so wet machining gives

better surface finish than dry machining.
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