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Abstract: Aluminium Metal Matrix Composites (AMMCs) are making inmroads m various engneering
applications requiring higher strength and stiffness than those offered by conventional aluminium alloys.
Traditional machining of AMMCs however is difficult due to the hard reinforcement present in the AMMC
material which tends to wrap around the cutting tool-bit leading to tool breakage. Electro-Discharge Machining
(EDM) has been successfully applied on standard aluminium alloy such as Al 6061 but yet to be tested on 30%
(by volume) Al,0; reinforced AMMC. In this study, specific machining performance characteristics on AMMC
reinforced with 30 % Al;O, is assessed in comparison with Al 6061. The characteristics under study are Material
Removal Rate (MRR) and Tool Wear Ratio (TWR). Key process parameters such as the peak current, pulse and
pause durations (ON-time and OFF-time), were varied to determine their influences on the MRR and TWR of
30% Al0,reinforced AMMC. Results indicate that 30% Al,Q; reinforced aluminium metal matrix composite can
be machined using EDM to obtain acceptable result in terms of MRR and TWR. A high value of peak current
and ON-time mecrease rapidly MRR of Al 6061 rather than AMMC whle it decreases with increasing of
OFF-time. Tool wears more at low peak current and ON-time than OFF-time.
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INTRODUCTION 1s applied between the electrode and the workpiece,
the fluid will be ionized due to the high potential
difference and a spark is produced between the workpiece
and the tool, which develop into an electrical arc
(Kumara et ai., 2009).

A number of research works in the domain of EDM
have been done on diverse materials. Research on
aluminium metal matrix composite (the matrix was AK9S)
and 1t has been showed that EDM process parameters
affected the condition of surface layer i machined
alummium MMCs (Cichosz and Karolczak, 2008). EDM of
Titanium alloy (Ti-6AI-4V) was conducted and it has been
observed that the surface integrity of EDMed T16Al4V
includes roughening because of decomposition of recast
layer (Hascalik and Cayday, 2007). To obtain good surface
finish in the case of tungsten carbide, low values should
be used for peak current, pulse off time and voltage
(Teti, 2002). Surfaces finish on composite materials such
as S1C/Al metal matrix composite when subjected to
EDM process has been mvestigated and its mmpact on
the fatigue strength of the material (Ramulu e# ., 2001).

Composite material 13 composed of two or more
distinct phases to form a new material with enhanced
properties (Chawla and Chawla, 2006). The use of
Aluminium Metal Matrix Composites (AMMCs) in various
industrial and commercial applications such as aviation,
expanding. In general,
machining of composite materials 18 difficult due to the

automotive and marine 1s

high abrasiveness nature of their remforcing constituents
(Teti, 2002). This can be resulted in demage to the
workpiece and rapid wear of the cutting tool when
composite materials are machined using conventional
process (Tet1, 2002).

The application of Electrical Discharge Machining
(EDM) might be feasible in machining of a particular type
of AMMC which is reinforced by 30% by volume of
alumina. EDM uses a series of repeating spark erosion to
remove material which has distinct advantages over
conventional machining processes (Jameson, 2001). Hard

workpiece materials can be machined by EDM as long as
they are conductors of electricity (Abbas et al., 2007). In
EDM, the workpiece and the electrode are kept apart as
they are immmersed 1 a dielectric fluid. When the voltage

The optimal EDM performance and mathematical
modeling of output responses can be conducted using
genetic algorithm or statistical software (Kolahan and
Bironro, 2008).
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Fig. 1: Current train for controlling generator

This study is conducted to explore the feasibility of
EDM machimng of 30% alumima particle remnforced
AMMC using copper electrode. Analysis of the main
mfluence of the EDM mput process parameters namely
Peak current, ON-time and OFF-time on the Material
Removal Rate (MRR), Tool Wear Ratio (TWR) was
performed. Peak current is the intensity of the electricity
flows nto the workpiece; ON-time 13 an amount of time
when current runs into the gap before it is tuned off and
the OFF-time 1s amount of time when the current 1s off.
Figure 1 presents the pulse current for controlling
generator.

MRR is defined as the rate at which material is
removed from work piece and TWR 1s defined as the
ratio of tool wear mass over the work piece wear
mass.

MATERIALS AND METHODS

EDM die-sinking machine, Mitsubishi EA8 branch
was used to machine AMMOC and Al 6061 cylinder
samples with diameter of 5 mm and height of 10 mm. The
electrode is a hollow cylinder made of electrolytic copper
with mtemal diameter of 5.6 mm and external diameter of
10mm.

The influence of parameters such as peak current,
ON-time, OFF-ttme on AMMC and Al 6061 were
investigated. The results from AMMC are compared to
those from Al 6061 which is a conventional material and
has good machmability. Design Expert software was used
to plot the effect of parameters combination.

The masses of the workpiece and the tool are
measured before and after machining by using an
electronic balance that have a resolution of 107g,

The Material Removal Rate (MRR) 1s determined by
using Eq. 1:

MRR=—2> ¢ (1)

Table 1: Properties of AMMC AND Al 6061
Hardness Tensile strength  Young modulus Electrical

Model (HRB) (Mpa) (GPa) resistivity (Cm)
AMMC 91 4341 85.0 2.96x10°
Al 6061 60 328.0 63.9 3.99x1077

Table 2: Properties of electrode
Density Melting point Young modulus Hardness Electrical resistivity
(eem™® (°C) (GPa) (HRB)  (Qm)
8.960 1083 130 85

1.71x10°%

Table 3: Machining parameters

Parameters Electrolytic copper
Dielectric pressure (MPa) 0.05

Peak Current (A) 3-55
ON-time (us) 3-192
OFF-time (us) 3-96

where, w, 15 the mass of workpiece before machining, w,
1s the mass of workpiece after machining , t,, 18 machining
time 1n min,

MRR is the rate of material mass loss to the over time
ingmin~".

The Tool Wear Ratio (TWR) is determined by using
Eq 2

TWR="s "% v 100 (2)
W, —W

where, w, 18 the mass of electrode before machining, w,
1s the mass of electrode after machining, w,, 1s the mass of
workpiece before machining, w,1s the mass of workpiece
after machining,

TWR is the ratio of the electrode mass loss to the
material loss in percentage.

The mam alloying elements of AMMC are Cu (2.2%),
Ni(1.1%), Fe (0.31), T1(0.1%) and the balance 1s aluminium
while the main alloying elements of Al alloy 6061 were Mg
(1.0%), Fe (0.7%), 51 (0.6%) Cu (0.3%), Zn (0.25%), Cr
(0.2%), Ti (0.15%), Mn (0.15%) and the balance is
aluminium. Table 1 presents the properties of AMMC and
Al 6061 material.

Peak current, ON-time and OFF-time determine the
size of spark energy and they are presented as some of
important parameters and the others are in the scope.
Their ranges were selected from preliminary experimental
and EDM manual.

The dielectric fluid used 18 Daplne Cut HL, 25-5 o1l
(viscosity: 2.874 ¢St at 40°C) with top directional flushing
at 0.05 Mpa. Table 2 presents the main properties of the
copper electrode.

The EDM machining parameters and their range of
values used in this study are in Table 3.

Experiments were conducted by varying only one
parameter while keeping the other mput parameters at
constant values.

The effects of combination of parameters were
predicted using Design Expert system.
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RESULTS AND DISCUSSION

Effects of EDM parameters on the MRR: Material removal
rate 18 a key mdicator of productivity of EDM process.
The influence of the peak cuwrrent supplied to the
electrode on MRR of AMMC and Al alloy is observed by
keeping the ON-time and the OFF-time at 16 and & ps
respectively. As the current s increased from 3 to 55 A,
the MRR of both AMMC and Al 6061 increased but at
different rates as in Fig. 2.

At very low peak current, they are almost similar but
for peak current greater than 1 54, the MRR of Al 6061 1s
about three times higher than that of AMMC. As the peak
current is increased to the maximum value (55 A), the rate
of increase of the MRR for both materials appeared to
taper off at 0.28 g min~' for Al 6061 and 0.11 g min~"' for
AMMC. This is due to the good electrical and thermal
conductivities and low hardness of Al 6061 than that of
AMMC,

The effect of varying electrical spark duration
(ON-time) on MRR is observed by keeping peak current
and OFF-time at 15 A and 8 s respectively. The effect of
ON-time 1s similar to that of peak current. As the ON-time
mcreased from 3 to 192 ps, the MRR of both materials
AMMC and Al 6061 increased due to increasing of spark
energy size but at different rate as can be observed from
Fig. 3. MRR of Al 6061 is rapidly greater than that of
AMMC. The MRR of Al 6061 15 about two times greater
than that of AMMC.

The effect of varying OFF-time on MRR is observed
by keeping peak current and ON-time at 15 A and 16 s,
respectively. OFF-time varies from 3 to 96 ps as 1t can be
seen from Fig. 4. For OFF-time below to 15 ps, the MRR
of both AMMC and Al 6061 are greater but at the
different rate. The MRR of Al 60561 is about two times
greater than that of AMMC. For OFF-time beyond to
15 ps, the MRR of both materials decreases rapidly.
Longer OFF-time causes low machining speed resulting to
the low MRR.

High ON-time and Peak current increase the input
power which the increase of MRR is expected due to more
spark energy flowing from tool into workpiece. This
causes craters and pits on the sample and the machiung
becomes faster.

The effect of parameters combination is presented in
3-D graph in Fig. 5 with OFF-time set at 25.5 ps. In Fig. 5
that a lngh peak current and ON-time combination leads
to increase the MRR due to the increase of spark
energy.

Effects of EDM parameters on the TWR: The Tool Wear
Ratio (TWR) 1s the ratio at which the cutting edge of tool
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Fig. 2: Variation in MMR due to change in peak current
(ON-time; 16 ps, OFF-time: ps)
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Fig. 3: Variation in MRR due to change in(peal current:
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Fig. 4: Variation in MRR due to change in OFF-time (Peak
current: 15 A, ON-time: 16 us)

wears away during machining process. The mnfluence of
peak current on tool wear ratio is investigated by keeping
ON-time and OFF-time at 16 and 8 ps, respectively. Peak
current varies from 3 to 55 A as shown m Fig. 6. The TWR
of Al 6061 1s higher at low peak current and it becomes
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Fig. 5: 3-D graph for MRR of AMMC (OFF-time: 25.5 us)
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Fig. 7. Varation in TWR due to change in ON-time (Peak
current: 16 ps, OFF-time: 8 ps)

decreasing when the peak current increase. The TWR of
AMMC 18 lower at low peak current.

The effect of keeping peak current and OFF-time at
15 A and 8 ps, respectively and varying ON-time 1s
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Fig. 8 Variation in TWR due to change in OFF-time
(Peak current: 15 A, ON-time: 16 ps)
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Fig. 9: 3-D graph for TWR of AMMC (OFF-time: 25.5 ps)

presented in Fig. 7. ON-time varies from 3 to 192 ps and at
ON-time below to 12 ps, the material is removed more from
tool than AMMC. When the ON-time 1s greater than
12 ps, TWR of both AMMC and Al alloy becomes lower.

The influence of varying OFF-time by keeping
constant the peak current and ON-time at 15 A and 16 us
respectively 18 recorded and presented in Fig. 8. As the
OFF-time varies from 3 to 96 s, the TWR of Al 6061
remains closely constant and around 10% but that of
AMMC is best at short OFF-time. From 12 ps, TWR of
AMMC 18 about five times greater than that Al 6061.
Short OFF-time increases the machining efficiency since
more sparks occur i a given of time.

Figure 9 presents a 3-D graph for TWR of AMMC
and it can be observed the effect of combination of peak
current and ON-time while OFF-time is keeping constant
at 25.5 ps. TWR 1s higher at low values of peak current
and ON-time.
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The observations from experiment show that both
workpiece and tool wear during EDM of AMMC and Al
6061 spark energy. The setting of long OFF-time and short
ON-time destabilizes the machining and this leads to the
rapid wear of tool.

CONCLUSION

The feasibility of machimng 30 vol% alumina particle
reinforced aluminium composite by using EDM die-sinker
machine with electrolytic copper electrode has been
evaluated m terms of material removal rate and tool wear
ratio and it has proven acceptable at low peak current,
short ON-time and high OFF-time. However, EDM
performance of machining AMMC was found less
effective compared to EDM of Al 6061. Peak current,
ON-time which determine the spark energy are most
significant parameters influencing on output responses.
It 15 observed from the result on the AMMC and Al 6061
that the increase Peak current or ON-time leads to increase
the spark energy and this result in faster machining. Low
value of OFF-time increases the machimng speed. Tool
wears rapidly for AMMC when OFF-time increases
compared to Al 6061.
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