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Abstract

The present work investigates the influence of variations in cutting speed, feed, depth
of cut and nose radius on both machining energy intake and the resulting surface
texture throughout turning of AA7075 reinforced with 15 wt% SiC particles, sized
10-20 pm. The response surface methodology (RSM) technique was employed to
accomplish the minimum surface roughness and energy utilization. 3D surface curves
of RSM showed cutting speed to be the key reason in minimizing surface roughness
and energy intake, and subsequently depth of the cut, feed and radius of nose. Multi-
response optimization values of cutting factors through turning of AA7075/15 wt%
SiC to minimize surface roughness and energy utilization have been found by desir-
ability analysis. The results show that a 16.06% reduction in surface roughness can
be achieved by merely increasing electrical energy consumption by 4.88%. Turning
to the cutting parameter value obtained by multi-response optimization results in the
reduction of energy consumption and surface roughness. Naturally available materi-
als were utilized for fabrication. The novelty of this work is that scarce literature has
been reported on the determination of the optimal process parameters for turning
AA7075/15 wt% SiC (1020 pm) composites at which minimum electrical energy
will be consumed, and minimum surface roughness will be obtained.
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Introduction

Manufacturing of good quality at minimum fabrication cost is a need of the indus-
try. Machining environments, for example, nose radius, feed, speed of cutting and
depth of cut in turning manoeuvre, must be optimized to minimize the total manu-
facturing cost of each component. The cost of computer numerically controlled
(CNC) machines is higher than that of lathe machines. Hence, CNC machines
must be operated efficiently to recover extra costs. Machining at elevated cutting
speeds tends to accelerate tool wear and can lead to increased vibration along with
higher electrical energy requirements. However, fast speed cutting is preferred
because chip removal is fast. Therefore, there was little heat transfer to compo-
nent. Hence, the possibility of thermal distortion was reduced. The novelty of this
work is that exploration is needed to govern the consequences of factors on energy
consumption and component surface roughness at high-speed dry turning.
However, the challenge is if high speed is used for fast material removal or to
minimize surface roughness, machine energy consumption will increase. Hence,
some technique is required for optimization. Design of experiments (DOE) is the
design of the experiment so that a minimum number of experiments are needed to
draw correct conclusions (Montgomery, 1997).

Literature Review

Thomas and Chanderasekaran (1997) utilized a complete factorial strategy to dis-
cover the role of machining factors on the resulting surface coarseness during the
carbon steel turning. Yang and Tarng (1998) used the Taguchi method to obtain
optimal parameters for machining. Choudhury and EIl-Baradie (1997) used
response surface methodology (RSM) to find surface roughness while machining
extra-stiff steel. Thiele and Melkote (1999) utilized a factorial strategy to find the
influence of component stiffness and apparatus profile on surface coarseness and
machining powers. Antony (2000) carried out multi-response optimization utiliz-
ing Taguchi’s loss function and principal component analysis. Lee et al. (2000)
used a polynomial network to create a machining database. Lin et al. (2001) uti-
lized an addictive network to build a prediction model for surface roughness and
cutting forces. Muthukrishnan et al. (2008) on A356/SiC/10p composite con-
ducted turning experiments using polycrystalline diamond (PCD 1500) inserts.
Surface coarseness, explicit energy used and apparatus wear were found. Results
showed that fast cutting rates result in comparatively easy elimination of stiff SiC
particles. El-Gallab and Sklad (1998) examined the consequence of several cut-
ting parameters on surface characteristics and the magnitude of the sub-surface
damage caused by machining. PCD conducted cutting experiments. SEM pictures
of machined surfaces show the existence of grooves and holes. Surface roughness
quantities display that surface coarseness progresses through a rise in the rate of
feed and cutting rate, but somewhat worsens with a rise in depth of cut. PCD tools
and chemical vapour deposition (CVD) diamond-layered tools were used for turn-
ing A356/SiC/20p composite. Cutting forces, flank wear and surface coarseness
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were measured. Tool life arcs exhibited that feed does contrary to cutting speed.
CVD diamond tools showed short tool life. PCD inserts are necessary for turning
A356/SiC/20p composite to achieve extended tool life and minimum surface
roughness (Davim, 2002). Kilickap et al. (2005) identified 5% SiC-p Al MMC for
the study of tool wear and surface roughness. K10 carbide inserts, both unlayered
and TiN-layered, were tested under various machining conditions, including cut-
ting rates of 150, 100 and 50 m/min, rates of feed of 0.3, 0.2 and 0.1 mm/rev, and
penetration of cuts of 1.5, 1 and 0.5 mm. Under dry machining conditions, tool
wear was predominantly governed by cutting rate, aggregately noticeable as the
speed increased. The TiN-coated tool exhibited poorer wear than the uncoated
insert. Surface roughness was mainly prejudiced by the speed of cutting and feed
speed, where the upper speed of cutting combined with a lower rate of feed
resulted in an improved surface finish.

The powder metallurgy route was used to fabricate AA2124/SiC-p composites.
Surface coarseness was selected as the dependent variable. PCD tools were used
for turning. Response surface-based D-optimal design of 29 trials was considered.
An ANN method was used to forecast surface coarseness. Results exhibited that
the size of SiC particles affects surface roughness significantly (Basheer et al.,
2008). Nose radius reinforces the tool tip by thinning of the chip, where it reaches
the tool point, and by scattering the chip over a bigger nose radius. Surface rough-
ness is also reduced since tool inscriptions are not so deep as those made by a
sharp tool (Lindberg, 1990). Ozben et al. (2008) prepared MMCs by mixing 15,
10 and 5 wt% of SiC-p in AISi;Mg,. The mechanical properties of the composite
were evaluated with respect to varying reinforcement ratios. The impact of the
rate of cutting, the rate of the feed and the penetration of the cut on tool degrada-
tion and surface coarseness was also assessed. A higher proportion of SiC parti-
cles resulted in increased tool degradation, and surface coarseness was found to
be predominantly influenced by the rate of feed and speed of cutting.

The above literature has shown that little work has been done with the objec-
tive of reducing energy usage and improving surface finish while machining
AAT075/15 wt% SiC (10-20 um) composites. This exploration effort is needed
to know the outcome of the rate of the feed, speed of cutting, radius of nose,
depth of cut on energy consumption and surface coarseness. A face-centred cen-
tral composite design was utilized to design the testing. Multi-response optimi-
zation of turning factors was done by a desirable methodology to reduce the
energy used and surface roughness. The novelty of this examination is that, so
far, very little exploration has been reported about the finding of optimal pro-
cess parameters for turning the AA7075/15 wt% SiC (10-20 um) composites at
which minimum electrical energy will be consumed, and surface roughness will
also be minimum.

Investigational Work
Fabrication of AA7075/15 wt % SiC (10-20 um) Composite

Stir casting set-up shown in Figure 1 was used to fabricate the composite.
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Figure |. Stir Casting Set-up.

Element Wt% At%
OK 01.66 02.90
MgK 03.19 03.68
AIK 82.82 85.87
SiK 03.85 03.84
FeK 00.74 00.37
CuK 02.22 00.98
ZnK 05.52 02.36
Matrix Correction ZAF

EDAX Andlysis of AA7075/15 wt% SiC (10-20 um) Composite

Figure 2 and the corresponding table show that wt% of Al is 82.82%. Wt% of Zn
18 5.52%. Si wt% is 3.85%.

Machining

Tool Holders and Inserts
Particulars of inserts and tool holders used for turning on the CNC machine are
tabulated in Table 1.
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Figure 2. EDAX Profile of AA7075/15 wt% SiC (10-20 um) Composite.

Table I. Details of Inserts and Tool Holders.

Clearance Back Rake Nose

Tool Angle Angle  Radius (r) Feed (f)  Depth of
Holder Insert (degree)  (degree) mm mm/rev  Cut (mm)
PCLNL Carbide insert 0° 7° 0.4 foin= 015 @y, = 1.0
2525 CNMG 0.8 frax = 060 Gpax = 6.0
MI12 (a) 120404EM 1.2
KT 809 (b) 120408EM

(c) 120412EM

grade 6615

Inserts and tool holders shown in Table 1 were used for turning experiments.

AAT075/15 wt% SiC (10-20 um) composite fabricated by means of stir cast-
ing was utilized for this investigation. Machining was done by CNC. The desired
choice of the penetration of cut, speed of cutting and rate of feed can be achieved
on CNC. Carbide inserts CNMG 120404EM, 120408EM and 120412EM grade
6615 were intended for turning. Choices of factors for experiments were finalized
centred on the literature review and pilot experiments. Stages of factors are shown
in Table 2. Electricity consumption was determined through a wattmeter, and a
surface roughness tester measured surface roughness.
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Table 2. Three-level Machining Parameters.

Factors Parameters First Level Second Level Third Level
l. Rate of cutting (m/min) 90.0 150.0 210.0
2. Rate of feed (mm/rev) 0.15 0.2.0 0.25
3. Penetration of cut (mm) 0.20 0.40 0.60
4. Radius of nose (mm) 0.40 0.80 1.20

Figure 4. Wear of Tungsten Carbide Inserts Used in Experiments.

Tungsten carbide inserts of nose radius 0.4 and 1.2 mm used in experiments

before machining are shown in Figure 3.

Cutting speed = 90 m/min, Feed = 0.25 mm/rev, Cutting speed = 90 m/min,
Feed = 0.25 mm/rev, DOC = 0.6 mm, Nose radius = 1.2 mm. DOC = 0.6 mm,
Nose radius = 0.4 mm.

Wear of tungsten carbide inserts of nose radius 0.4 and 1.2 mm used in experi-
ments after machining is shown in Figure 4. The CNC turning machine is dis-
played in Figure 5.
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Tool Holder

Hydraulic Chuck

Figure 6. Micrographs of Machined Surface.

Micrographs of the machined surface in Figure 6 show that SiC particles are
uniformly distributed. There is no pull-out of SiC particles.

Response Surface Methodology

Box and Wilson (1951) had suggested RSM for optimization of factors. RSM is
modelling technique for finding association among numerous parameters and
responses (Myers & Montgomery, 1995).

Face-centred Central Composite Design (FCCCD)

FCCCD is used when non-allowable functional circumstances occur at one speci-
fied level of design region. FCCCD necessitates only three stages of every trial
variable (Montgomery, 2001).
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Table 3. FCCCD for Four Variables at Three Levels.

Speed of Rate of Depth of  Radius of  Surface Energy

Cutting,  Feed, (B); Cut, (C); Nose,  Roughness Consumption
Std (A); m/min  mm/rev mm (D); mm (um) (Watt)
| 90 0.15 0.20 0.40 1.651 567
2 210 0.15 0.20 0.40 1.414 745
3 90 0.25 0.20 0.40 1.712 611l
4 210 0.25 0.20 0.40 1.465 885
5 90 0.15 0.60 0.40 2.487 745
6 210 0.15 0.60 0.40 2.123 1,002
7 90 0.25 0.60 0.40 2.652 774
8 210 0.25 0.60 0.40 2.397 1,107
9 90 0.15 0.20 1.20 1.371 585
10 210 0.15 0.20 1.20 1.193 785
I 90 0.25 0.20 1.20 1.432 651
12 210 0.25 0.20 1.20 1.226 930
13 90 0.15 0.60 1.20 1.904 771
14 210 0.15 0.60 1.20 1.718 1,091
15 90 0.25 0.60 1.20 2.199 851
16 210 0.25 0.60 1.20 1.902 1,196
17 90 0.20 0.40 0.80 2.113 744
18 210 0.20 0.40 0.80 1.848 983
19 150 0.15 0.40 0.80 1.967 771
20 150 0.25 0.40 0.80 2.046 878
21 150 0.20 0.20 0.80 1.64 704
22 150 0.20 0.60 0.80 2.181 891
23 150 0.20 0.40 0.40 2.264 827
24 150 0.20 0.40 1.20 1.858 867
25 150 0.20 0.40 0.80 2.071 851
26 150 0.20 0.40 0.80 2.052 851
27 150 0.20 0.40 0.80 2.038 824
28 150 0.20 0.40 0.80 2.021 837
29 150 0.20 0.40 0.80 2,012 838
30 150 0.20 0.40 0.80 2.003 824
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Table 4. Pooled ANOVA: Surface Roughness.

Sources Sum of the Squares DF Mean of Squares F Values Probability > F

Model 3.73 8 0.47 230.91* < 0.0001 significant
A 0.28 | 0.28 137.56%* < 0.0001

B 0.080 | 0.080 39.85* < 0.0001

C 2.32 | 2.32 1,148.89* < 0.0001

D 0.63 | 0.63 311.28* < 0.00010.0030
A? 0.023 | 0.023 11.22% < 0.00010.0007
C2 0.079 | 0.079 38.96* < 0.0001

BC 0.032 | 0.032 15.71%

CcD 0.052 | 0.052 26.00*

Residual 0.042 21 2.01E-003 3.67  0.078 not significant
Lack of fit 0.039 16  2.441E-003

Pure error 3.315E-003 5 6.63E-004

Cor. total 3.77 29

Note: *The result is significant at the 95% confidence limit.

Experimental Design

AA7075/15 wt% SiC composite was machined through tungsten carbide inserts

on a CNC turning set-up in accordance with the experimental scheme shown in
Table 3.

Results
Variance Study

Analysis of variance was applied to assess the statistical significance of findings.
Pooled form of ANOVA for surface coarseness is described in Table 4 and for
energy consumption in Table 5.

1.  Model F-amount of 230.91 shows the model is important. It can be seen
that there is merely a 0.01% likelihood that ‘Model F-Amount’ so big
may arise owing to noise.

2. The amount of ‘Probability > F” smaller than 0.05 points that the model
parameters are important, where A, B, C, D, A2, C%, BC and CD are
important model parameters.

3. Alack-of-fit F-value of 3.67 suggests a 7.8% likelihood that the observed
variation is attributable to noise. Meanwhile, the lack of fit is not note-
worthy; the model can be considered adequate.

D 0.045 R? 0.988
Mean 1.90 Adjusted R2. 0.984
C.v. 237 Predicted R? 0.974

PRESS 0.097 Adegq. precision 59.88
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Table 5. Pooled ANOVA: Energy Consumption.

Source Sum of the Squares df Mean of Squares F Value Probability > F
Model 6.07E + 005 9 6,752.32 278.63* < 0.0001 significant
A 3.26E + 005 | 3.267E+005 1,348.16* <0.0001

B 3,744.72 | 3,744.72 154.53*% < 0.0001

C 2.14E + 005 | 2.145E+005  885.20*% < 0.0001

D 1,196.89 | 1,196.89 49.36* < 0.0001

A? 3,143.48 | 3,143.48 12.97* 0.0018

C? 4,412.15 I 4,412.15 18.21%* 0.0004

AB 4,761.00 | 4,761.00 19.65% 0.0003

AC 6,561.00 | 6,561.00 27.07* < 0.0001

CD 1,190.25 | 1,190.25 491% 0.0384
Residual 4,846.63 20 242.33 1.88 0.25 not significant
Lack of fit 4,117.13 I5 274.48

Pure error 729.50 5 145.90

Cor. total 6.125E + 005 29

* The result is significant at the 95% confidence limit.

4. ‘Predicted R-squared’ of 0.974 is in rational covenant with ‘Adj.
R-squared’ of 0.984.

‘Adeq. precision’ calculates the signal-to-noise ratio. A ratio of more than 4 is
desired. The ratio of 59.88 means a sufficient signal.

1. F-amount of 278.63 means model is important. It can be seen that merely
a 0.01% likelihood that ‘Model F-amount’ so big may arise owing to
noise.

2. Amount of ‘Probability > F” smaller than 0.05 means model parameters
are important. Here A, B, C, D, A2, C2, AB, AC and CD are important
model terms.

3. ‘Lack of fit F-amount’ of 1.88 means lack of fit is not important relative
to pure error. It can be seen that 25.08% likelihood that ‘Lack-of-fit
F-value’ is so big, may be due to noise. A non-significant lack of fit con-
firms that the developed model can adequately represent and predict the
experimental results.

SD 15.57 R2 0.99
Mean 832.87 Adjusted R? 0.98
CV. 1.87 Predicted R? 0.97
PRESS 12,707.62 Adeq. precision 70.15

4.  ‘Predicted R-squared’ of 0.97 is in realistic covenant with ‘Adjusted
R-squared’ of 0.98. ‘Adeq. precision’ finds the signal-to-noise ratio.
Ratio > 4 is appropriate. The ratio of 70.15 points to a sufficient signal.
The model is suitable for guiding navigation within the design space.
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Coefficients of the Second-order Regression Equation

Regression coefficient of second order was found by utilizing investigational
information (Table 3). The responses were modelled using regression equations as
functions of the four process parameters measured in this experimentation. The
results are presented below, and inconsequential coefficients have been excluded
from the regression equations.

Surface roughness =+0.753 + 4.684E — 003 A —0.443%«B+4.497+C—-0.180*D

—2.251E-005%A*>—3.776%C* +4.45%B*C—0.715*C*D 1

Energy consumption =+400.975-2.09710% A +49.722 B +922.264+C
+21.319%D+8.391E— 003+ A* —894.758 *C* +5.75* A* B 2)
+1.687* A*C+107.812%C*D

Analysis for Surface Roughness [AA7075/15 wt% SiC (10-20 um)
Composite]

Figure 7 represents the normal probability of residuals. Normal plot vs. residuals
exhibits data when 98% of residuals would lie inside 3c. These experimental data
are inside three 3c. Predicted vs. actual (Figure 8) is quantified to demonstrate
how efficiently the line can fit the two. The graph displays how this model fore-
tells the range of data. Figure 8 indicates that experimental data align closely with
a straight line.

Normal Plot of Residuals
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Figure 7. Normal Probability Distribution of Residuals: Surface Roughness.
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Figure 8. Predicted vs. Actual Surface Roughness.
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Figure 9. Residual vs. Run Order.

Residual vs. run order is shown in Figure 9. It displays that errors are indepen-
dent. Results are not influenced by time-related outside factors. There is a ran-
dom, horizontal band of points around the zero line. No discernible trends or
patterns are witnessed.

The Box—Cox transformation is shown in Figure 10. This power transforma-
tion shows that variance is stabilized. The data are more normally distributed.
Normality is important in this case.
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Box-Cox Plot for Power Transforms
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Figure 10. Box—Cox Transformation.
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Figure 11. 3D Surface Curves for Surface Roughness (um). (a) Impact of Cutting
Speed and Feed on Surface Finish. (b) Surface Roughness Response to Speed of Cutting
and Penetration of Cut. (c) Impact of Speed of Cutting and Radius of Nose on Surface
Roughness.

Impact of Parameters on Surface Roughness

Figure 11(a) expresses the surface graph of surface coarseness, namely fluctuat-
ing speed of cutting and feed speed. The figure indicates that the escalation in the
rate of cutting first upsurges, then lessens surface roughness. Growth in feed
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augments surface roughness. Figure 11(b) shows the impact of the speed of cut-
ting and the penetration of the cut on surface coarseness. A rise in the penetration
of cut enhances surface coarseness. Figure 11(c) represents the consequence of
the speed of cutting and nose radius on surface coarseness. It is witnessed that
surface coarseness will be lower when the nose radius is larger. Commencing
these graphs, it is noticed that lesser surface roughness can be found only at minor
values of feed and the penetration of cut, and greater levels of the speed of cutting

and radius of nose.

Normal Plot of Residuals

Normal % Probability

T T T I I
-1.78 077 021 119 218

Studentized Residuals

Figure 12.

Normal Probability of Residuals: Energy Consumption.
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Actual

Figure 13.

Predicted vs. Actual: Energy Consumption.
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Analysis for Energy Consumption

Normal curve vs. residuals expresses residual information where 98% of residuals
shall lie within 3 sigma. This investigational information is in 3 sigma (Figure 12).
Residual vs. predicted is a quick test to ensure proper randomization is evident.
Figure 13 indicates that experiments are properly randomized.

Effect of Factors on Energy Consumption

Figure 14(a) shows the surface curve of energy consumption, namely varying
speed of cutting and feed. Electricity consumption improves sharply with the
growth in the speed of cutting. Increasing the feed rate has minimal effect on
energy consumption.

Figure 14(b) displays the consequences of a change in the speed of cutting and
penetration of the cut on energy utilization. A rise in the penetration of cut aug-
ments energy utilization. It is witnessed that lesser energy utilization can be
attained at a lesser penetration of the cut. Figure 14(c) depicts the influence of the
speed of cutting and the radius of the nose on energy feeding. It is witnessed that
energy utilization is increased when the nose radius is high.

Optimization of Cutting Parameters Using a
Multi-objective Approach

A response optimization study was conducted to attain the least surface roughness
and energy consumption by utilizing developed mathematical models. The desir-
ability function method was utilized.

Desirability Function Approach

The value of desirability ranges between d = 0 and 1, which means the outcome is
not acceptable. 1 means the response is the correctly targeted value (Jinshan et al.,
2007). The response is converted into desirability as follows:

SSSSTSSTSSTSSOSSTS,

RS

S OSOS SO
S

X

SIS
SIS

=
=
S
SR
/‘:‘::':o‘
—

(@) (b)

Figure 14. 3D Surface Curve for Energy Consumption (watt). (a) Impact of Speed

of Cutting and Rate of Feed on Energy Utilization. (b) Impact of Speed of Cutting and
Penetration of Cut on Energy Utilization. (c) Impact of Speed of Cutting and Radius of
Nose on Energy Utilization.
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a

,L<y <Uwithd =0fory” >U (6)

d:‘&
U-L

and d =1 for y->L.

o is weight. L and U were finalized as per the mathematical model in RSM.

Design-Expert was utilized for analysis. The desirability method was used for
obtaining optimum results utilizing multi-response objectives (Dhupal et al.,
2008; Jinshan et al., 2007). Optimization was carried out in two stages: (a) finding
desirability for response and (b) maximization of desirability and detecting the
optimum value. In the desirability approach, various results were achieved.
Solution with maximum desirability is favoured.

Limitations for Optimization of Cutting Parameters

Desirability analysis was conducted to minimize surface coarseness and energy
consumption simultaneously while allowing the parameters to vary from low
limit to high limit.

Multi-Objective Optimization Results

Surface roughness and energy ingestion were minimized as per constraints in
Table 6, through desirability analysis. A total of five solutions were generated.
These are arranged in Table 7. Solution 1 at maximum desirability, that is,
0.884, is preferred. Optimum amount of the speed of cutting, rate of feed,
penetration of cut and radius of nose to reduce surface coarseness (1.149) and
energy ingestion (595.79 watt) are 90.02 m/min, 0.15 mm/rev, 0.20 mm and
1.20 mm.

Figure 15 shows a contour chart at the maximum desirability amount. Figures
16 and 17 show a contour graph of surface roughness and energy consumption.
Point prediction for multi-response optimization is shown in Table 8. Results
show that variations are within limits.

In Figure 18, the red points on the graphs show optimum values. Red points on
curves response also show corresponding values of surface roughness and energy

Table 6. Limitations for Optimization of Values.

Lower Upper Lower Upper

Response Constraint Limit  Limit Weight Weight Importance
Speed of cutting Within range 90 210 | | 3
Rate of feed Within range  0.15  0.25 | | 3
Penetration of cut Within range 0.2 0.6 | | 3
Radius of nose Within range 0.4 1.2 | | 3
Surface roughnes (um) Minimum 1.193  2.652 | | 5
Energy consumption ~ Minimum 567 1,196 | | 3

(watts)
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Table 7. Multi-criteria Optimization Results.

Rate of
Speed of Feed Depth Radius  Surface Power

Solution Cutting (mm/ of Cut of Nose Roughness Consumption

No. (m/min)  rev) (mm)  (mm) (um) (watt) Desirability Selection
| 90.02 0.15 0.20 1.20 1.419 595.79 0.884 Selected
2 90.00 0.15 0.20 1.18 1.427 595.82 0.881

3 90.41 0.17 0.20 1.20 1.428 606.96 0.874

4 110.76  0.15 0.20 1.20 1.424 612.56 0.873

5 90.00 0.17 0.20 1.20 1.429 609.18 0.872

Table 8. Point Prediction: Multi-response Optimization.

95% Cl  95% ClI 95% Pl 95% PI
Parameter Prediction SE Mean  Low High SEPred Low High
Surface 2.037 0014 201 2.07 0.047 1.94 2.14
roughness
Power 2.14 4.71 82640 846.03 16.26 802.29 870.14
consumption
DESIGN-EXPERT Plot Deswablllty
0.25
Desirability
e Design Points 015
X = A: Cutting Speed 0.78
Y = B: Feed
0.23+
Actual Factors
C: Depth of cut = 0.20
D: Nose radius = 1.20
e
3
L 0.20 083
&
0.18+
0.85
Predic 0.88
0.-1% T T \
90.00 120.00 150.00 180.00 210.00
A: Cutting Speed

Figure 15. Contour Graph at Maximum Desirability.

consumption. Figure 19 shows individual and combined desirability values.
Desirability amount for surface roughness is 0.813, and desirability amount for
energy consumption is 0.972. Their combined desirability value is 0.884.
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Figure 16. Contour Chart Surface Roughness: Cutting Speed.
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Figure 17. Contour Chart Energy Consumption: Cutting Speed.

End Result

Experimental (minimum), single objective and multi-objective values of surface
roughness are 1.193, 1.191 and 1.419 um, respectively. Experimental (minimum),
single-objective optimization and multi-objective optimization values of energy
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Figure 18. Ramp Function Curve for Combined Desirability.

utilization are 567, 566.71 and 595.79 watts, respectively. This shows that simul-
taneous optimization (multi-criteria optimization) of surface roughness and
energy utilization is at the cost of % rise in surface roughness and % increase in
power utilization as related to their single criteria optimization values.

The % change in surface roughness owing to multi-objective optimization

_1.419-1.191

x100 =16.06%
1.419
The % change in energy consumption due to multi-objective optimization

_595.79-566.71
595.79

x100 = 4.88%.

Hence, 16.06% reduction in surface roughness can be achieved by merely increase
of 4.88% in energy consumption.

Cutting Nose Surface Energy

Speed Feed DOC Radius Roughness ~ Consumption
No (m/min)  (mm/rev)  (mm) (mm) (um) (watts)
AA7075/15 wt% 97 0.15 0.20 0.40 1.643 570.5

SiC (10-20 um)
composite
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Figure 19. Individual and Combined Desirability Value.

Experimental Validation of Results

Turning experiments were carried out again at the optimal cutting conditions
obtained by desirability analysis for AA7075/15 wt% SiC (10-20 pm) composite.
The values of response parameters, that is surface roughness and electricity con-
sumption, are close to values obtained by desirability analysis. This validates our
work.

Discussions
Surface Roughness

Surface roughness (Ra) obtained on turned surfaces of composite rods was greater
than that of alloys. Throughout turning, pulling of SiC particles results in minor holes
on the turned surface. This situation resulted in the rise of the surface roughness of
composites. Surface coarseness of composite rods that have a greater reinforcement
ratio is more than that of rods that have a comparatively lower reinforcement ratio.
Surface roughness affects the performance of components when they are used
in a mechanism. It also evaluates the machining accuracy. The speed of cutting,
rate of feed, penetration of cut and nose radius have a major influence on surface
roughness. Semi-continuous chips are formed during the turning of AA7075/
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SiC-p composites. This is a result of the presence of SiC particles. Discontinuous
chips create macro cracks on the open surface of chips. This leads to bend cre-
ation. That sequentially removes SiC particulates, which leads to the formation of
minor cavities on the surface during turning. This is also one of the reasons for
more surface roughness while turning Al/SiC composites.

Outcome of Speed of Cutting

Cutting speed has a major impact on surface roughness. Surface roughness
reduces at greater cutting speeds (Figure 11a). The chip fractures freely at a lower
cutting speed. This produces a rough surface. This is because of the existence of
harder SiC particles. SiC particles do not play a major role in cutting at low speed.
Cutting at low speed is due to the cutting tool side. SiC particulates slide on the
tool edge and damage the turned surface. As the speed rises, chip fracture reduces
and hence roughness declines. The speed of cutting has the maximum intense
influence on surface roughness. At large, when higher cutting speeds are utilized,
less surface roughness can be attained.

Outcome of Rate of Feed and Penetration of Cut

Increase in feed augments surface roughness (Figure 11b). When the feed is
raised, regular loads on the tool are also enhanced. Hence, it will produce heat,
which further enhances surface roughness. Rise in the penetration of the cut pro-
duces more regular pressure and concentrates on the rake surface. Henceforth,
surface coarseness augments with growth in depth of cut (Figure 11c).

Surface coarseness is enhanced at greater feed in all turning circumstances.
This was ascribed to the elevated temperature in the cutting zone. Greater feed
enhances temperature, and this leads to reduced bonding amongst SiC-p and Al
matrix. Al relaxes, and SiC particles are released.

Effect of Nose Radius

Chip thickness changes from zero to extreme while turning by a large nose radius
tool, which tends to move a big part of the chips in place of cropping them. This
decreases surface roughness (Figure 11c). A bigger nose radius minimizes the saw
tooth’s impact of feed marks and considerably lessens surface roughness. An
additional nose radius is nevertheless detrimental since it creates vibration and
chatter.

Energy Consumption

Influence of Speed of Cutting and Feed Rate
Figure 14(a) shows the surface curve of energy consumption with changing speed
and feed. Energy consumption increases sharply with a rise in speed. As speed
rises, the material removal rate also enhances compelling machine to draw extra
energy. Wear of the tool also results in extra energy consumption, as the turning
process is not smooth.

Normally, as speed rises, the heat created at the interface of the tool and com-
ponent increases. Hence, the major part of the heat generated enters the compo-
nent. Increased heat generation results in softening of the Al matrix. In AA7075/15
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wt% SiC (10-20 um) composite turning, the major part of electricity is spent in
eradicating hard reinforcement particles from the gluey matrix. Numerous inves-
tigations (Lin et al., 1995; Tomac & Tonnessen, 1992) have shown that normally
reinforcements are moved out from the matrix instead of being cropped. Thus,
higher speed results in relaxation of the matrix. This reduces specific energy.
Therefore, MMC turning should be conducted at greater speeds. Speed will be
limited by tool wear, as raising speed after a value will result in rapid tool wear
and become economically nonviable (Andrews et al,. 2000; Muthukrishnan et al.,
2008). The rise in feed has a slight impact on the energy utilization.

Influence of Depth of Cut

Figure 14(b) displays the impact of the speed of cutting and the penetration of the
cut on energy utilization. Rise in depth of cut improves energy consumption in
turning of AA7075/15 wt% SiC (10-20 um). It is observed that less consumption
can be attained at a minor depth of cut (Kumar, 2013).

Effect of Nose Radius

Figure 14(c) depicts the effect of cutting speed and radius of nose on energy con-
sumption. It is observed that energy consumption is additional at a large nose
radius. Alike results were attained by Kumar (2013).

Conclusions

The following conclusions can be drawn:

1. 3D surface curves of surface roughness discovered that depth of cut is the
most noteworthy parameter, followed by feed, cutting speed and nose
radius.

2. 3D surface curves of energy consumption show that cutting speed is
utmost noteworthy parameter subsequently by depth of cut, rate of feed
and radius of nose.

3. Ramp function graphs show the correct value of factors for the required
level of response.

4. Optimization by desirability approach indicated that the lowest surface
roughness (1.191 um) would be obtained at a cutting speed of 209.47 m/
min, feed of 0.15 mm/rev, depth of cut of 0.20 mm and nose radius of
1.18 mm.

5. Optimization by desirability approach indicated that the lowest energy
consumption (566.71 watts) would be obtained at a cutting speed of 93.25
m/min, feed of 0.15 mm/rev penetration of cut of 0.20 mm and nose radius
of 0.41 mm.

6. Multi-objective optimization values of factors for minimum surface
roughness (1.419 um) and energy consumption (595.79 watts) are cutting
speed of 90.02 m/min, feed of 0.15 mm/rev depth of cut of 0.20 mm and
nose radius of 1.20 mm.
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7. 16.06% reduction in surface roughness could be obtained by merely
increase of 4.88% in energy consumption.

Relate the Optimization Results to Practical Machining Strategies

When the turning of composite will be carried out at process parameters obtained
from multi-response optimization, there will be a reduction in the surface rough-
ness of the machined surface, with a marginal increase in electrical energy con-
sumption. These values of process parameters may be used for the turning of
composites.

Limitations

It will be difficult to machine the composites, with more than 15 wt% of SiC par-
ticles and particle size more than 20 pm.

Directions for future research

Limited research has been conducted on the machining behaviour of metal-matrix
composites. A number of problems during the machining of MMC still need a
solution. Some of them are:

i. Identification of a specific tool for a particular MMC.
ii.  Balance in the values of conflicting responses during the machining of
MMCs.
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