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Abstract— Surface roughness is a key measure that defines machined surface integrity. In this current work, an
experimental investigation was conducted to determine the effects of cutting conditions on surface roughness when turning
the Al20%Mg Si metal matrix composite and Bi-treated Al20%Mg Si composite. The results showed that surface roughness
value improved with cutting speed increment. In addition, Bi treated workpiece showed better surface finish results
compared to base composite
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found that the morphology, distribution and the
matrix properties are all factors that affect the overall
cutting process [7].
Barzani et al investigated the machinability of Al–Si–
Cu cast alloy containing bismuth and antimony using
coated carbide insert. They have found that type of Si
shape (flake or lamellar shape) has a major effect but
cutting speed slightly affects chip shape. It is also
found that addition of antimony lead to change flake–
like eutectic silicon into the refined lamellar structure
and increased surface roughness value and
machinability of alloy[8] . Another investigation was
done on surface roughness when machining Al-Si
alloy. They have found that surface roughness
increased with increasing feed rate from 0.05 to 0.15
mm/rev while increasing cutting speed from 70 to
250 m/min improved surface roughness value after
machining [9].
It is known that some parameters such as cutting
speed, feed rate, depth of cut and geometry of insert
play a vital role in machinability of composites. In
fact, these parameters have direct effect on the cost of
manufacturing products. Therefore, having optimum
cutting condition is necessary to have the best surface
roughness in machining process. The aim of this
study is to investigate the effect of cutting parameters
on surface roughness during turning of
%20AlMg Si metal matrix composite

I. INTRODUCTION
Mechanical properties of light metal matrix
composites such as superior strength, stiffness and
better wear resistance indicate that metal matrix
composites (MMC) play an important role in
application for engineering components [1]. In fact,
these properties, coupled with low density, and the
ability to operate at elevated temperatures, has made
these materials suitable for using in the manufacture
of a range of components, from engine parts to sports
goods [2].
Al-based
composite
reinforced
by
in-situ
Al20%Mg Si particles is one of the combinations of
MMC’s, which is more atractive in the areas of
aerospace and automotive engineering components.
In addition, Al%20 Mg Si in situ metal matrix
composites (MMCs) have the potential to replace the
commonly used Al–Si alloys [3]. Despite the fact that
Mg Si intermetallic particles exhibit some
advantages, their coarse morphology in the Al-matrix
has been thought to lead to the low ductility observed
in these materials. Therefore, there is a need to
improve mechanical properties of these composites.
One of the most common and effective methods for
improving the morphology of workpiece is
modification of the microstructure [4].
It has been reported that the addition of some
elements such as Ce, Li, Sr and Bi to the melts of
Al20% Mg Si composites can effectively refine the
size of primary Mg Si and change its morphology [5].
In fact, it is expected that the mechanical properties
of composite can be improved by addition of
optimum modification and the microstructure of
material can be changed by modification that affects
the machinability of the composite.
The major issue of MMCs is the poor machinability
which occurs due to the ceramic reinforcements
(whiskers, particles and fibers) in the soft metal
matrix [6]. These issues of machining MMCs have
been addressed from various aspects. It has been

II. METHODOLOGY AND EXPERIMENTAL
PROCEDURE
An induction furnace was used to melt the materials.
The melt temperature was maintained at 750-760°C
for a period long enough to allow for complete melt
homogenization. Bismuth (Bi) in the form of metallic
granules was added in certain concentration. In order
to have a complete homogenization melt, the melted
materials were stirred and it was then poured at a
temperature of 730 ± 5°C into the permanent mold.
Two workpieces, namely Al20% Mg Si metal matrix
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composite and 0.4 wt.% Bi treated Al20% Mg Si
metal matrix were cast. Tables 1 is given the details
of the workpieces.
A CNC turning machine with 8.3 kw power and 6000
rpm was used. Three cutting speeds 70, 180, 250
m/min and feed rates 0.1, 0.15, 0.2 mm/rev have been
employed respectively. Kennametal inserts with
grade K10, was mounted on the holder designated by
SVJBL-1616H11. Table 2 is given the details of
tools. A Mitutoyo-Formtracer 5000 was used to
measure surface roughness after machining process
and average surface roughness of recorded values
was calculated.
Table1. Details of cutting tool

Table 2. Chemical composition of Al20%
composite

metal matrix

III. RESULT AND DISCUSSION
Figure 1 (a,b and c) shows that the surface roughness
increased with increasing feed rate from 0.1 to 0.2
mm/rev. As it can see in figure 1 (a), the highest
surface roughness value is just below 4µm at highest
feed rate (0.2 mm/rev) which is related to base
composite Al20% Mg Si metal matrix while Figure 1
(c) revealed that lowest surface is about 2 µm for Bitreated Al20% Mg Si composite. In addition, it is
clear that Al20% Mg Si -0.4Bi metal matrix
composite shows lowest surface roughness for all
machining conditions compared to base composite.
This can be related to the size of Mg Si particles
which are small in comparison with base composite.

Figure1 Surface finish for Al20%
MMC and Bi treated
Al20%
MMC at cutting speed of (a) 90 m/min, (b) 180
m/min, (c) 270 m/min.

As it can be seen in figure 2, the size of Mg Si
particles changed from 22 µm to around 11 µm by
addition of optimum amount of Bi. The changing of
size of Mg Si particles has direct effect on value of
surface roughness during machining process. In fact,
there is no tendency to build-up edge formation
(Figure3) due to quick breakage of it from tool and
low melting point of Bi, thereby decreasing the
friction between tool edge and chip leads to have less
tool wear and finally a smooth machined surface. It
has also been found that Bi acts as lubricant during
machining process and it can improve machinability
of the composite.
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Figure 3. Build-up edge formation during machining (a) Bitreated Al20%
composite and (b) Al20%
metal
matrix composite.

Figure 4 (a and b) shows machined surface for base
composite and Bi-treated composite respectively.
From figure 4 a, it is noticeable that there is surface
tearing after machining which could be related to big
size of Mg Si particles for Al20% Mg Si metal
matrix composite as base composite, while there is a
smooth surface after machining Bi-treated composite
which may be attributed to the role of Bi as lubricant
during machining and distributed small size of
Mg Si particles in microstructure.

Figure 2 Optical micrographs showing different size of
particles indifferent conditions (a) base composite (b) Bitreated composite

Figure 3 (a and b) shows the amount of build-up edge
on the flank and rake of insert. As it can be seen in
figure 3b, there is massive amount of build-up edge
(BUE) on the insert when turning Al20% Mg Si
composite as base composite at highest cutting speed
and highest feed rate while there no tendency to make
BUE for Bi treated composite during machining
process[9].

Figure 4. Image of machined subsurface of (a) Al20%
MMC and (b) Bi-treated composite.
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