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Abstract:-The Aluminum Hybrid Metal Matrix Composites (AI-HMMC) are finding numerous
applications in many areas like Automobile, Piston and Cylinder and Aerospace, etc. Adding a third
element into the metal matrix composite makes it hybrid. The Reinforcement of SiIC and Graphiteused in
this AI-HMMC improves its strength. The present investigation is to find the optimum machining
parameter of CNC turning centre on AI-HMMC. The main objective is to find the optimum cutting
parameters to achieve low value of surface roughness and high Material Removal Rate (MRR). The
cutting parameters considered in this experimental investigation are cutting speed, feed rate and depth of
cut. Taguchi L,; orthogonal array was chosen to conduct the experiments. Signal to Noise ratio (S/N) and
Analysis of Variance (ANOVA) were used to analyze the effect of cutting parameters on surface
roughness and MRR. The contribution by each cutting parameter to surface roughness and MRR was
also determined.
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. INTRODUCTION

Aluminum Hybrid Metal Matrix Composite (AI-HMMC) is one of the advanced materials with specific and
specia industrial applications. They are used widely in automobile industries such as bearing sleeves, piston,
etc. One of the primary processes of manufacturing these components is by conventional machining. In modern
manufacturing industries, CNC machines have been used to manufacture complicated shapes on advanced
materials with high accuracy and precision. A suitable selection of machining parameters for the CNC turning
mostly relies on the operator's experience and manufacturer guidelines. Machining parameters table offered by
the manufacturer are more basic in nature and does not provide recent developed materials. Hence the
parameters for newer materials need to be optimized. Numerous researchers have carried out studies on CNC
turning of advanced materials. The following paragraphs summarize the outcome of those researchers. Sing and
Kumar (2006) studied the effect of significant parameters on EN24 steel with TiC coated-tungsten carbide
inserts. Important machining parameters namely speed, feed and depth of cut were considered for
experimentation. Taguchi’s optimization techniques were applied to optimize the machining parameters. They
accomplished that the effect of depth of cut and variation of feed force were affected by the selected machining
quality characteristics. Daniel et al (2006) used Taguchi Parameter Design for optimizing surface roughness
generated by a CNC turning operation. Spindle speed, feed rate and depth of cut were considered for
experimental studies. From the results they found that the feed rate had the highest effect and spindle speed had
the moderate effect and depth of cut have the insignificant effect on machining process. Nalbant et al (2007)
described an application of Taguchi method in the optimization of cutting parameters for surface
roughness in turning. TiN coated tool and AlISI 1030 steel as work piece were used. The experiment was
designed using Taguchi method of experiment design and Ly orthogona array was used. Three
parameters namely insert radius, feed rate and depth of cut were optimized. The results of the experiment
suggest that the insert radius and feed rate are the main controllable parameters which affect the surface
roughness more in turning AlSI 1030 carbon steel. Thamizhmani et a (2007) optimized the surface roughness
on SCM 440 alloy steel during turning operation using Taguchi method. They concluded that the results
obtained from the experiments would be useful to the researchers and that the depth of cut was the significant
parameter on surface roughness. Sundaramurthy and Rajendran (2010) optimized the surface roughness in end
milling of Aluminium 6063 under minimum quantity lubrication. They concluded that the surface roughness is
mainly affected by feed rate under MQL. Yanda et a (2010) optimized the MRR, surface roughness and tool
life in conventional dry turning by FCD700. They concluded that the optimum MRR was obtained when the
cutting speed and feed rate were at high. The optimum tool life was reached when the cutting speed and feed
rate were less. The surface finish was low at high cutting speed and low feed rate. Sasimurugan and
Palanikumar (2011) studied the surface roughness characteristics on hybrid AI-MMC. In this study, the feed
rate, depth of cut and cutting speed were considered as input machining parameters. They concluded that the
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surface roughness becomes increased with increasing feed rate and decreased with increasing cutting speed.
Sundaramurthy and Rajendran (2012) studied the surface roughness characteristics on Al6063-T6 during end
milling. They concluded that the cutting speed was the significant parameter on surface roughness. Kamal
Hassan et a (2012) investigated the machining parameters on MRR in turning of C34000. Taguchi Ly
orthogonal array was used to conduct the experiments. The optimum results were verified through confirmation
test runs. They concluded that the MRR is mainly affected by cutting speed and feed rate. With increase in
cutting speed and feed rate the MRR gets increased. Durai et a (2012) studied the cutting parameters that ensure
less power consumption in high tare CNC machines. The data acquisition system was used to measure the
output characteristics. From the results, it was concluded that the feed rate and the depth of cut significantly
influence the energy consumption. Neergj et al (2012) applied the Taguchi technique through a case study in
turning of mild steel bar using HSS tool for optimizing the process parameters. Influence of turning process
parameters on surface roughness on mild steel has been studied. The results show that the cutting speed and
depth of cut are the significant parameters to influence the surface roughness of mild steel. The surface
roughness becomes decreased with increase in spindle speed and increased with increase in depth of cut.
Krishnamurthy and Venkatesh (2013) determined the optimum cutting factors for surface roughness and MRR
on TiB2 particles reinforced Al6063 metal matrix composites. From the experimental results it was found that
feed is the most significant process parameter on surface roughness followed by cutting speed. The MRR results
showed that the speed and the feed are the most significant parameters. Vishnu et a (2013) determined the
optimum cutting parameters to achieve lower surface roughness and higher material removal rate using Taguchi
methodology and Response Surface Methodology. The experimental results show that cutting speed and depth
of cut are significant variables to the surface roughness of mild steel. Surface roughness gets decreased with
increase in spindle speed and increased with increase in depth of cut. With the increase in feed rate the surface
roughness gets increased and when the cutting speed is decreased the surface roughness becomes increased. The
MRR gets increased with increase in cutting speed and when the feed rate is increased the MRR gets increased.
Suresh et al (2013) devel oped a second-order quadratic model for surface roughness, Based on response surface
methodology (RSM) technique, the relationship between the response and input variables influencing the
surface roughness was determined. The optimum level of parameters setting in machining of Al-SiC-Gr
composites for minimum surface roughness is at 113 m/min of cutting speed, 0.250 mm/rev of feed rate and 0.2
mm of depth of cut. Vikas et a (2013) optimized and evaluated the machining parameters on EN8 steel. The
optimum parameters were found based on Taguchi and ANOVA. They concluded that minimum trust force on
normal tool shape, moderate cutting speed, and lesser depth of cut and lowest feed are the optimum parameters.

The existing investigation shows that not much work have been carried out on AI-HMMC. Hence, the present
investigation has been carried to find the optimum cutting parameters on AI-HMMC using Taguchi design
methodol ogy.

II.EXPERIMENTAL PLANNING

In the present study, CNC turning center was used for conducting the experiments, Al-HMMC was used as
the work material and ceramic tool was used for machining the work material. Table 1 shows the chemical
composition of the base material. Table 2 shows the composition and weight percentage of the work material.
Table 3 shows the cutting parameter and their levels. Taguchi technique based L ,; orthogonal array was chosen
for conducting the experiments. Three important machining parameters namely cutting speed, feed rate and
depth of cut were considered as machining input parameters and each parameter was assigned three levels such
as minimum, medium and maximum. Table 4 shows the factors assigned to standard L,; orthogonal array.
Surface roughness and MRR were considered as output parameters in this investigation. The surface roughness
was measured using Surftest 211 Mitutoyo instrument. The MRR was calculated by analytical method. The S/N
ratio was calculated to identify the optimum machining parameter. The significant parameters were found based
on Taguchi design methodology by the ANOVA, which indicated the relationship between machining
parameters and output performance characteristics.

TABLE 1
Chemical composition of AI7015

Al 91.3-93.9% other each <=0. 050%
Cr <=0.15% other total <=0.15%
Cu 0.060-0.15% Si <=0.20%
Fe <=0.30% Ti <=0.10%
Mg 1.3-2.10% Zn 4.6%-5.20%
Mn <=0.10% Zr 0.10%-0.20%
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TABLE?2
Weight percentage of reinforcement of AI7015
Al7015 SiC Graphite
80% 17% 3%
TABLE 3
Cutting parameters and their levels
Machining Levels
Sl No Symbol Parameters 1 2 3
1 A Cutting speed (S) 100 125 150
2 B Feed rate (F) 0.1 0.2 0.3
3 C Depth of cut (DoC) 0.5 0.75 1.0
TABLE4
Factors assigned to L ,;orthogonal array
Exp C;)t;gg Feed rate Depth of
' (3] cut (DOC)
No. (9 .
. mm/min mm
m/min
1 100 0.1 0.5
2 100 0.1 0.75
3 100 0.1 1
4 100 0.2 0.5
5 100 0.2 0.75
6 100 0.2 1
7 100 0.3 0.5
8 100 0.3 0.75
9 100 0.3 1
10 125 0.1 0.5
11 125 0.1 0.75
12 125 0.1 1
13 125 0.2 0.5
14 125 0.2 0.75
15 125 0.2 1
16 125 0.3 0.5
17 125 0.3 0.75
18 125 0.3 1
19 150 0.1 0.5
20 150 0.1 0.75
21 150 0.1 1
22 150 0.2 0.5
23 150 0.2 0.75
24 150 0.2 1
25 150 0.3 0.5
26 150 0.3 0.75
27 150 0.3 1

[1l.RESULTSAND DISCUSSION
A. Analysis of SN Ratio on Surface Roughness

To analyze the surface roughness the S/N ratio is used to identify the significant machining parameters
through Analysis of Variance (ANOVA). In accordance with the Taguchi quality characteristics, the lower
observed value indicates better surface roughness. It is known as “Lower is Better” (LB). Equation (1) was used
to find out the S/N ratio. Table 5 shows the experimental results and their corresponding S/N ratios for lower
surface roughness (Ra).

LB, =—10log(1/r)_ yi*) &
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TABLES
Average surface roughness and SN ratio for surface roughness

Cutting Feed Depth Average
Exp. | speed rate of cut Surface SIN
No. S (F) (DOC) Ratio
: : roughness
m/min | mm/min mm
1 100 0.1 0.5 0.052 25.68
2 100 0.1 0.75 0.124 18.13
3 100 0.1 1 0.212 13.47
4 100 0.2 0.5 0.112 19.02
5 100 0.2 0.75 0.258 11.77
6 100 0.2 1 0.316 10.01
7 100 0.3 0.5 0.362 8.83
8 100 0.3 0.75 0.468 6.60
9 100 0.3 1 0.844 1.47
10 125 0.1 0.5 0.182 14.80
11 125 0.1 0.75 0.226 12.92
12 125 0.1 1 0.434 7.25
13 125 0.2 0.5 0.414 7.66
14 125 0.2 0.75 0.656 3.66
15 125 0.2 1 0.846 1.45
16 125 0.3 0.5 0.856 1.35
17 125 0.3 0.75 0.924 0.69
18 125 0.3 1 1.088 -0.73
19 150 0.1 0.5 0.224 13.00
20 150 0.1 0.75 0.24 12.40
21 150 0.1 1 044 7.13
22 150 0.2 0.5 0.514 5.78
23 150 0.2 0.75 0.778 2.18
24 150 0.2 1 0.976 0.21
25 150 0.3 0.5 1.182 -1.45
26 150 0.3 0.75 1.588 -4.02
27 150 0.3 1 1.984 -5.95

The experimental design helps to split the effect of each machining parameter at different levels. The mean
SIN ratio for surface roughness is displayed graphically in Fig.1. The surface roughness for each factor’s level
indicates the relative effects of the various factors, A: spindle speed, B: feed rate and C: depth of cut on the
machining performance characteristics such as surface roughness. From the S/IN response graph Fig.1 for
minimum surface roughness the optimal parametric combination is A3, B1, and C1. i.e. spindle speed at
150m/min, feed rate at 0.1 mm/rev and depth of cut at 0.5mm.
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Fig. 1 Main effect plot for Surface Roughness

B. Analysis of Variance (ANOVA) for Surface Roughness

The purpose of using the ANOVA isto find the significant parameter that affects the surface roughness. Also
thisanalysis helpsto find the individual contribution on machining parameters. Table 6 shows the ANOVA with
percentage contribution by each parameter while machining of AI-HMMC.

TABLE 6
ANOVA with percentage contribution for Surface Roughness

o
— Y— "'5 [} =
s5 | 58 |88 £ | g .2
58 | E2 |pE| 5 | 2 FES
O a8 || S L S
(@)
Cutting 251
speed | 44742 | 2 | 22371 1266 | <2
>
S
Feed 435
o) | 77470 | 2 | 38735 | 2102 |
Depth 113
ofcut | 20227 | 2 | 10114 | 575 | g
(DOC)
Error | 35346 | 20 | 17.67 1%8
Tota | 1777.85 | 26 100

The experiments were conducted based on the factors assigned as shown in Table 4. ANOVA was performed
to find out the most influencing parameter that affects the machining performance parameter on selected output
characteristics of surface roughness. The percentage contribution by each parameter shows the significant
parameters that affect the surface roughness while machining of AI-HMMC. F-test was performed to find out
the significant parameter at 95% of confident level. The tabulated value of F-test is 3.37. The calculated F-test
value of cutting speed, feed rate and depth of cut is more than the tabulated value. It shows that the feed rate is
the most significant parameter and cutting speed is the second significant parameter and the third significant
parameter is the depth of cut on surface roughness. The ANOVA result is shown in Table 6. Fig. 2 shows the
graphical representation of percentage contribution by various parameters on surface roughness when machining
the aluminum composites.

ISSN : 0975-4024 Vol 6 No 4 Aug-Sep 2014 1679



Senthil Kumar. M.P et a. / International Journal of Engineering and Technology (IJET)

Fig. 2 Percentage contribution of surface roughness

C. Analysis of SN Ratio on MRR

The S/N ratio is aso used to analyze the MRR to identify the significant cutting parameters through ANOVA.
In accordance with the Taguchi quality characteristics the higher observed value indicates higher MRR. It is
known as “Higher is Better” (HB). Equation (2) is used to find out the S/N ratio. Table 7 shows the
experimental results and their corresponding S/N ratios for higher MRR.

LBg, =—10log(1/r) 1/ yi®) &)

TABLE7
Experimental results and their corresponding S/N ratios

Cutting Depth Material
Exp. speed Fee(dF; ate of cut Removal SIN
No. S . (DOC) | Rate(MRR) Ratio
. mm/min 3y
m/min Mm mm®/min

1 100 0.1 0.5 0.21 -13.56
2 100 0.1 0.75 0.45 -6.94
3 100 0.1 1 0.92 -0.72
4 100 0.2 0.5 0.52 -5.68
5 100 0.2 0.75 0.93 -0.63
6 100 0.2 1 2.53 8.06
7 100 0.3 0.5 0.82 -1.72
8 100 0.3 0.75 2.54 8.10
9 100 0.3 1 5.06 14.08
10 125 0.1 0.5 0.51 -5.85
11 125 0.1 0.75 0.82 -1.72
12 125 0.1 1 1.81 5.15
13 125 0.2 0.5 0.95 -0.45
14 125 0.2 0.75 1.97 5.89
15 125 0.2 1 3.88 11.78
16 125 0.3 0.5 1.48 3.41
17 125 0.3 0.75 3.89 11.80
18 125 0.3 1 6.87 16.74
19 150 0.1 0.5 1.07 0.59
20 150 0.1 0.75 2.49 7.92
21 150 0.1 1 3.98 12.00
22 150 0.2 0.5 2.66 8.50
23 150 0.2 0.75 4,95 13.89
24 150 0.2 1 7.98 18.04
25 150 0.3 0.5 4,88 13.77
26 150 0.3 0.75 7.99 18.05
27 150 0.3 1 10.97 20.80
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The mean S/N ratio for MRR is displayed in Fig.3. The MRR for each factor’s level shows the relative effects
of the various factors such as A: spindle speed, B: feed rate and C: depth of cut on the selected machining output
characteristics such as MRR. From the S/N response graph [Fig.3], for maximum MRR, the optimum parametric
combination is A3, B3, and C3. i.e. spindle speed at 150m/min, feed rate at 0.3mm/rev and depth of cut at Imm.

Material Removal Rate mm3/min

0 T T T F ". T T T T T 1

-10 - A1 A2 A3 B-l B2 B3 Ccl Cc2 Cc3
Levels

Fig. 3 Main effect plot for MRR

D. Analysis of Variance (ANOVA) on MRR

ANOVA s carried out to find the significant parameter that affects the MRR. Also it helps to find the
contribution by each machining parameters. Table 8 shows the ANOV A with percentage contribution by each
parameter. Fig.4 shows graphically the percentage contribution by each parameter on MRR.

TABLE S8
ANOVA with percentage contribution for MRR

S — rel Q 5
£ 25 | 88|58 |3 LZs
5 'g €S g,g % N > = 9
3& 38 |88 | [§
Cutting speed (S) 712.22 2 356.11 | 16.82 | 29.36
Feed rate (F) 655.07 2 32753 | 1552 | 27.00
Depth of cut(
DOC) 636.31 2 318.15 | 15.07 | 26.23
Error 422.16 20 21.11 17.40
Total 2425.75 26 100

The percentage contribution by each parameter shows the significant parameters on MRR. F-test was
performed to find out the significant parameter at 95% of confident level. The calculated F-test value of cutting
speed, feed rate and depth of cut is more than the tabulated value of 3.37. From the Table 8 it is seen that the
feed rate is the most significant parameter, cutting speed is the next significant parameter and the depth of cut is
the third significant parameter on MRR. The ANOVA result is shown in Table 8. Also the Fig.4 shows the
pictorial representation of percentage contribution by each parameter on MRR.
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Fig.4 Percentage contributions of various parameters on MRR

IV.CONCLUSIONS

From the experimental results, calculated S/N ratio and ANOVA, the following conclusions are drawn for
machining of AI-HMMC using CNC machine. To attain better surface finish the recommended parametric
combination is A3, B1 and C1 which are represents spindle speed at 150m/min, feed rate at 0.1 mm/rev and
depth of cut at 0.5mm respectively. From the ANOVA Table 6, it is found out that the feed rate is the most
significant parameter, cutting speed is the second significant parameter and the depth of cut is the third
significant parameter on surface roughness. For higher MRR the recommended parameter combination is A3,
B3 and C3 which are represents spindle speed at 150m/min, feed rate at 0.3 mm/rev and depth of cut at 1 mm
respectively. From the ANOVA Table 8, it is found out that the feed rate is the most significant parameter,
cutting speed is the next significant parameter and the depth of cut is the third significant parameter on MRR.
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