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ABSTRACT 

 
The utilization of particulate metal matrix composite materials has increased in different fields due to enhanced properties. Al-SiC-Gr 

hybrid composite provides better tribological and improved machinability properties than Al-SiC composite. In this work, second-order 
quadratic models were developed for surface roughness, considering the cutting speed, feed rate, depth of cut and combined equal weight 
fraction of SiC-Gr particulates as the parameters. Based on response surface methodology technique (RSM), the relationship between the 
response and input variables influencing the surface roughness is determined. The optimum level of  parameters setting in machining of 
Al-SiC-Gr composites for minimum surface roughness is obtained at 113 m/min of cutting speed (level 3), 0.250 mm/rev of feed rate 
(level 1), 0.2 mm of depth of cut (level 1) and 10% combined reinforcement SiC-Gr (level 3). The machining of 10% combined SiC-Gr 
specimen offers better surface finish. 
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INTRODUCTION 
 

In aerospace and automotive industries the 
increase in demand for light weight materials with 
high strength to weight ratio has led to the 
development and use of aluminum alloy based 
composites [11]. The incorporation of ceramic 
particles like silicon carbide, alumina or boron 
carbide in Al alloy increases both mechanical 
strength and wear resistances. In Al-SiC composites, 
the presence of hard abrasive SiC particles 
complicates the machining process. Jinfeng  et al., 
[6] reported the machinability of particulate metal 
matrix composites (PMMCs) is improved by 
reinforcing the soft particles like graphite along with 
hard ceramic particles. The addition of graphite 
content in AMCs reduces the cutting forces and this 
has been attributed to the solid lubrication of Gr 
particulates. During the machining of Al-Gr 
composites, graphite particles act as a chip breaker 
which results in discontinuous chips, less tool wear 
and low power consumption. Al-Gr composites are 
used for bearings, pistons etc due to the existence of 
peculiar properties such as self-lubrication, low wear 
rate and less friction. It also avoids seizing during 
inadequate liquid lubrication condition which in turn 
significantly increases the life, reduces the cost and 
weight of the component [4,10]. The percentage 
reinforcement of Gr in Al-Gr composite and SiC in 

Al-SiC composite is limited to certain level beyond 
which it is not beneficial to add either Gr or SiC as 
reinforcement. The use of multiple reinforcements 
yields hybrid composites to possess better 
tribological properties over the composites with 
single reinforcement [12]. The subsurface 
deformation extends up to a maximum of 150 μm 
below the machined surface in Al-2219/15SiC 
composites, whereas in case of Al-2219/15SiC/3Gr 
hybrid composites it is only about 120μm, due to low 
friction introduced by smear of graphite particles [2]. 
Although most of the composite materials are 
molded or formed to near net shape, machining is 
often required for tolerance and surface integrity 
control [5]. In this context, the aim of the study is to 
investigate the influence of parameters such as 
cutting speed, feed rate, depth of cut and combined 
equal weight fraction of SiC-Gr particulates on the 
performance characteristic of surface roughness 
while turning of Al-SiC-Gr hybrid composites.  
 
Experimental Procedures: 
 
Materials: 
 

The matrix material used was aluminium alloy 
LM25 contains silicon content between 7 to 15% 
which will inhibit the formation of reaction product 
Al4C3 from SiC [3]. In this experimental work, Al-
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SiC-Gr hybrid composites were produced from 
LM25 aluminium alloy with 5, 7.5 and 10% of 
combined reinforcement of SiC and graphite 

particulates. The chemical composition of LM25 
aluminium alloy is shown in Table 1.

  
Table 1: Chemical composition of  LM25 Aluminium alloy 

Elements Si Mg Fe Cu Zn Ni Mn Pb Ti Al 
Wt (%) 7 0.35 0.45 0.13 0.08 0.01 0.16 0.01 0.05 Balance 

 
Production of hybrid composites: 

 
The SiC and Gr particles were kept in muffle 

furnace and retained at 9000C for 3 hours. The 

preheating process develops oxidation layer around 
SiC particle which will avoid the detrimental reaction 
product Al4C3, but the graphite particles are 
relatively stable at high temperature [6]. 

 
 

 
 
Fig. 1: Stir casting setup. 

 

 
 
Fig. 2: Al-SiC-Gr hybrid composite specimen. 

 
 

 
 
Fig. 3: Microstructure (300x) of Al-5% SiC/Gr hybrid composite.  

 



6213               P. Suresh and K. Marimuthu, 2013 /Journal Of Applied Sciences Research 9(13), December, Pages: 6211-6216 

 

The aluminum alloy was heated to 8000C in a 
graphite crucible and the melt was degassed and 
cleaned. By using compo-casting process, SiC and 
graphite particles were added and mixed 
homogeneously in Al alloy matrix by mechanical 
stirring. Fig. 1 shows the stir casting setup used for 
production of Al-SiC-Gr composites. The molten 
slurry was poured into the steel die and allowed to 
solidify.  

 
Experimental set-up: 

 
Al-SiC-Gr composite rod of 30 mm diameter 

and 250 mm length is used as the workpiece material 
and tungsten carbide tool DCMT 31 52 MF as the 

cutting tool insert. The spindle speed (A), feed rate 
(B), depth of cut (C) and combined equal weight 
fraction of SiC-Gr  (D) are considered as input 
machining parameters and surface roughness are 
taken as output response. The selected machining 
parameter levels are presented in Table 2. The 
surface roughness (Ra) was measured by using 
Mitutoyo Surf test SJ-201 with cutoff length of 0.8 
mm and traverse length of 5 mm. The surface 
roughness Ra is the arithmetic average of the 
absolute value of the heights of roughness 
irregularities from the mean value measured. The 
surface roughness of each experiment based on L18 
orthogonal array and its corresponding signal-to-
noise (S/N) ratio is listed in Table 3.

 
 

Table 2: Factors and their levels used. 

S.N Factors Levels 
1 2 3 

1 Cutting speed A (m/min)  33 73 113 
2 Feed rate B (mm/rev)  0.25 0.32 0.39 
3 Depth of cut C (mm)  0.2 0.5 0.8 
4 Combined equal weight fraction of SiC-Gr (%) D 5 7.5 10 

 
Table 3: Experimental results and its corresponding S/N ratio value 

Exp. 
no 

Cutting speed 
(m/min) 

Feed rate 
(mm/rev) 

Depth of cut 
(mm) 

Combined SiC-Gr 
(%) reinforcement 

Surface 
Roughness Ra (μm) S/N (dB) 

1 33 0.25 0.2 5 9.85 -19.869 
2 33 0.32 0.5 7.5 7.64 -17.661 
3 33 0.39 0.8 10 4.32 -12.71 
4 73 0.25 0.2 7.5 3.46 -10.782 
5 73 0.32 0.5 10 5.32 -14.518 
6 73 0.39 0.8 5 6.74 -16.573 
7 113 0.25 0.5 5 5.24 -14.387 
8 113 0.32 0.8 7.5 3.64 -11.222 
9 113 0.39 0.2 10 3.12 -9.883 
10 33 0.25 0.8 10 6.78 -16.625 
11 33 0.32 0.2 5 8.64 -18.73 
12 33 0.39 0.5 7.5 6.64 -16.443 
13 73 0.25 0.5 10 4.63 -13.312 
14 73 0.32 0.8 5 6.74 -16.573 
15 73 0.39 0.2 7.5 5.12 -14.185 
16 113 0.25 0.8 7.5 2.64 -8.432 
17 113 0.32 0.2 10 3.12 -9.883 
18 113 0.39 0.5 5 4.86 -13.733 

 
Analysis and discussion: 

 
ANOVA for Ra: 

 
The analysis of variance of the experimental data 

was done to statistically analyze the relative 
significance of the parameters, cutting speed (A), 
feed rate (B), depth of cut (C) and combined % 
reinforcement (D) on the response variables Ra. The 
significance of the surface roughness model was 
tested with ANOVA analysis. The model has also 
been developed for 95% level of confidence. The 
model F value of 11.75 implies that the model is 
significant with a negligible influence of noise. 
Values of "Prob > F" less than 0.0500 indicate model 

terms are significant. Values greater than 0.1000 
indicate the model terms are not significant. From the 
F and P values, it is observed that the factors A, B, C, 
D, AD, B2 and C2 are most influential on Ra. The 
lack of fit F value is 0.5674, which implies that the 
lack of fit is not significant relative to the pure error. 
The high P value of lack of fit indicates that the 
model is fit while the very low P value of the model 
0.0031, confirms that the model is significant. 

Based on the experimental results of the 
responses, second-order quadratic models are 
developed for surface roughness using design expert 
software for 95% level of confidence as shown in 
Eqs. 1.  
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Surface roughness  = 3.85 + 1.09A - 1.3B + 0.71C - 0.74D + 0.45AB - 0.46AC -1.37AD + 0.24BC + 
0.082BD - 0.57CD  + 0.31A2 + 1.26B2 + 0.57 C2 - 0.065D2.                                                         (1) 

 
Table 4: ANOVA for main and interaction effects on surface roughness 

Source Sum of squares Degrees of freedom Mean square F value Prob>F 
Model 76.10 14 5.44 11.75 0.0031 
A 6.70 1 6.70 14.48 0.0089 
B 6.80 1 6.80 17.71 0.0086 
C 2.00 1 2.00 4.32 0.0328 
D 3.08 1 3.08 6.65 0.0419 
AB 0.68 1 0.68 1.48 0.2700 
AC 1.68 1 1.68 3.64 0.1050 
AD 6.18 1 6.18 13.36 0.0106 
BC 0.45 1 0.45 0.97 0.3638 
BD 0.022 1 0.022 0.048 0.8338 
CD 2.57 1 2.57 5.55 0.0567 
A2 1.46 1 1.46 3.16 0.1256 

B2 23.88 1 23.88 51.61 0.0004 

C2 4.90 1 4.90 10.60 0.0173 

D2 0.064 1 0.064 0.14 0.7230 
Residual 2.78 6 0.46   
Lack of Fit 0.68 2 0.34 0.66 0.5674 
Pure Error 2.09 4 0.52   
Cor Total 78.88 20    

 

Design-Expert® Software

Surface Roughness
Design Points
9.85

2.64

X1 = A: Cutting Speed
X2 = D: % of reinforcement

Actual Factors
B: Feed Rate = 0.32
C: Depth of Cut = 0.30

33.00 53.00 73.00 93.00 113.00

5.00

5.63

6.25

6.88

7.50
Surface Roughness

A: Cutting Speed

D
: %

 o
f r

ei
nf

or
ce

m
en

t

3.19528

3.19528

4.01328

4.83127

5.64926

6.46725

55555

 
Fig. 4: Contour plot showing the effect of cutting speed – % reinforcement on surface roughness. 
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Fig. 5: Contour plot showing the effect of cutting speed – depth of cut on surface roughness. 
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RSM for Ra:  
 
RSM is a collection of statistical and 

mathematical techniques useful for developing, 
improving and optimizing process. It is a technique 
for determining and representing the cause and effect 
relationship between the responses and input control 
variables influencing the responses as a two- or 
three-dimensional hyper surface [8]. The effects of 
cutting speed-combined SiC-Gr % reinforcement on 
Ra is shown in the contour plot Fig. 4. It is clear 
from the figure, at high cutting speeds and combined 
% reinforcement greater than 7.5, the Ra is 
improved. The combined SiC-Gr particles above 
7.5% results in brittleness of the composite which 
results in better surface finish [7,1].  

Similarly, another contour plot, as in Fig. 5, 
shows the effects of cutting speed and depth of cut 
on Ra. From this plot, it is observed that the surface 
finish is better when the depth of cut is low. An 
increase in depth of cut leads to an increase in 
penetration on tool on the work piece, which is 
subjected to increase in surface roughness of the 
machined surface. As a result, the observed Ra 
becomes larger (Palanikumar and Karthikeyan, 
2007). 
 
Optimum machining conditions:  

 
The optimum machining conditions for the 

cutting speed, feed rate, depth of cut and combined 
SiC-Gr % reinforcement are determined as 113 
m/min, 0.25 mm/rev, 0.2 mm and 10% respectively.

 
Table 4: Taguchi response table for S/N ratio values of Ra. 

Process parameter 

S/N ratio (dB) 

Level 1 Level 2 Level 3 

A -17.006 -14.324 -12.157b 

B -11.601b -14.765 -16.921 

C -12.389b -15.009 -16.189 

D -16.644 -13.121 -12.822b 
 
b – Optimum results of minimum Ra: 
 
Confirmation experiment: 

 
The confirmation experiment is the final step to 

verify the performance characteristic using the 

optimal level of the machining parameters. After 
determining the optimum conditions and a new 
experiment was conducted at optimal input 
parametric setting for surface roughness. 

 
Table 5: Optimal process parameters for Ra. 

Process parameter Starting parameters A1B1C1D1 Optimal parameters A3B1C1D3 
Surface roughness Ra (μm) 9.85 2.26 

  

 
 
Fig. 6: SEM micrograph of machined surface in orthogonal array no. 1 (A1B1C1D1) 
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Fig. 7: SEM micrograph of machined surface at optimum machining conditions (A3B1C1D3) 
 
Conclusions: 

 
In this study, the optimization of parameters for 

surface roughness is proposed. 
Statistical models have been developed for Ra 

using L18 orthogonal array with three levels of 
factors.  

The major influence of the parameters based on 
Analysis of Variance towards surface roughness is 
feed rate and followed by cutting speed, combined 
SiC-Gr % reinforcement and depth of cut. The 
optimum level of  parameters setting in machining of 
Al-SiC-Gr composites for minimum surface 
roughness is obtained at 113 m/min of cutting speed 
(level 3), 0.25 mm/rev of feed rate (level 1), 0.2 mm 
of depth of cut (level 1) and 10% combined SiC-Gr 
reinforcement (level 3). 

The surface finish is better when the feed rate 
and depth of cut is low level. The increase in depth 
of cut leads to an increase in penetration on tool on 
the work piece, which is subjected to increase in 
surface roughness of the machined surface. The 
machining of 10% combined SiC-Gr specimen offers 
better surface finish due to increase in brittleness of 
the composite. 

The confirmation experiment is conducted at 
parameter setting A3B1C1D3, which shows the 
minimum surface roughness in the optimum 
machining condition. 
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