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Abstract— Composite materials are gaining their demand due to their attractive properties. Conventional machining of 
composites is difficult because of the presence of hard reinforcement particles which causes high tool wear, particle pullout, 
tool breakage etc. and is greatly affected by the reinforcement percentage in metal matrix composites (MMC). To overcome 
these problems more research is going on unconventional machining methods of MMC. Electric Discharge Machining 
(EDM), Electro Chemical Machining (ECM) and Electro Chemical Discharge Machining (ECDM) have been reviewed in 
this paper to understand the process capabilities and the limitations associated with each of the process while dealing with 
aluminium MMC.  
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I. INTRODUCTION 

 
Composite materials have increased applications in 
many industries because of their excellent mechanical 
characteristics, such as strength-to-weight, stiffness-
to-weight, corrosion resistance, fatigue resistance and 
low thermal expansion compared with metals [1]. 
Composite materials are a macroscopic combination 
of two or more physically and chemically distinct 
materials, having recognizable interface between 
them, possess different properties respect to those of 
each constituent [2, 3]. Composite materials consist 
of matrix and reinforcement material, the matrix 
material surrounds the reinforcement material; both 
together form a continuous phase. The matrix 
material provides load transfer and structural 
integrity, whereas reinforcement material enhances 
mechanical properties. The matrix material may be 
organic (polymer), inorganic (ceramic), or metallic 
(aluminum) etc., and reinforcement materials are in 
the form of particles, whiskers and fibers[4].  
Metal matrix composites are widely used in structural 
applications because they offer high strength to 
weight ratio, high stiffness and good damage 
resistance over a wide range of operating conditions 
[5-7]. MMC are increasingly used in industry than 
monolithic materials because of their improved 
properties [8]. Metal matrix composites (MMC) 
consists of lightweight metals like aluminum, 
magnesium, titanium as matrix materials and silicon 
carbide, aluminum oxide, boron carbide as 
reinforcement materials [9]. Aluminum and its alloys 
are most commonly used metal matrix composites. 
Metal matrix composites are widely used in 
aerospace, automobiles, such as brake rotors and 
various components in internal combustion engines, 
electronic industries [10-12], because of their high 
specific strength, stiffness and excellent wear 
resistance at elevated temperature. 

Conventional machining of MMC is difficult because 
of the presence of hard abrasive particles which 
results in excessive tool wear, which in turn induces 
such damage phenomena as fiber pullout, particle 
fracture, delamination and debonding at the fiber or 
particle and matrix interface [1, 13]. However non-
conventional machining techniques like electro-
discharge machining, electrochemical machining [14-
16], laser beam machining  [17], electro chemical 
discharge machining [18] and other techniques have 
been used for machining metal matrix composites but 
the results are not as good as anticipated. This paper 
presents the review on machining of Al MMC by 
using EDM, ECM and ECDM by considering the 
responses such as Metal Removal Rate (MRR), Tool 
Wear Rate (TWR), Surface Roughness (SR) and 
considering polarity, current, electrode material, pulse 
duration, rotation of electrode, electrolyte 
concentration etc. as the process parameters  based on 
the information available in the literature. 
 
II. MACHINING OF MMC BY EDM PROCESS 

 
The need of MMC is increasing day by day, but 
conventional machining of hard to machine materials 
is a big challenge because of high tool wear, causes 
poor surface finish, the decrease in dimensional 
accuracy [19]. Unconventional methods are very 
useful to achieve required dimensional accuracy and 
improved surface finish. Electro Discharge 
Machining is a nonconventional machining process 
using thermal energy to machine electrically 
conductive materials [20]. The material is removed 
by electric spark erosion by series of electric 
discharges generated between the tool and the 
workpiece [21, 22].  
 
Mohan et al [23] use the rotating tube electrode and 
they concluded that metal removal is more with 
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rotating tube electrode than with solid electrode. 
Making hole on MMC with EDM the metal removal 
rate is first increases with tool speed up to certain 
limit and decreases as the increases in the rotary 
speed of electrode, the reason for higher MRR due to 
rotation of electrode debris will be dispersed from the 
machining zone and for the lower MRR at the higher 
rotary speed due to increase in the turbulence and 
weakening the plasma [24]. Wang et al [25] have 
studied on blind hole drilling of Al2O3 / 6061 Al 
using rotary EDM, they found that higher MRR with 
rotation eccentric through a hole but EWR is higher. 
While machining of Al/Al2O3 metal matrix composite 
Talla G. S. et al [26] observed that suspension of 
aluminum powder into the kerosene dielectric can  
improve the MRR. 
 
In machining of MMC due to the presence of 
abrasive particles causes the electrode wear. While 
machining with traditional electrode the slacken SiC 
particles deposition occurred in a localized area, 
which inhabited high electrode wear [23]. As the 
reinforcement percentage increases it causes higher 
TWR [27]. Higher the melting point of the electrode 
material leads to more wear resistance capacity. For 
example, copper electrode is having more wear 
resistance than the brass electrode [28]. 
 
The presence of reinforcement plays an important 
role in EDM machining of MMC as compared with 
monolithic materials, this leads the process 
convoluted and reluctant due to non-conductive and 
high melting point of reinforcement material. As the 
reinforcement percentage increases the SR value 
increases, this is because the vacancy is created on 
the surface by SiC particle deboning [25]. The main 
drawback of EDM process while machining MMC is 
low MRR and high SR, this can be overcome by 
adding alumina powder in kerosene dielectric fluid, 
this attempt successfully shows that the increase in 
MRR and decrease in SR [26]. 
The main limitation of EDM process is, it causes 
significant subsurface damage and heat effected zone 
to the workpiece. Fig.1 shows the fracture surface 
under EDM coarse condition [29]. EDM of MMC 
causes surface effects such as pitting of the machined 
surface by spark penetration, particulate pullout and 
surface micro cracks below the recast layer that 
increases with increase in material removal rate. 
EDM process induces softening of the material up to 
a certain depth of machined surface approximately 
200µm below the recast layer. The decrease in the 
fatigue strength of the material by 15-20% for the 
same life at high cycles (Nf < 10,000) because EDM 
produces a rougher surface than polishing. EDM 
machining causes clearly observable surface damage 
of the material, such as high surface roughness and 
disruption of the microstructure and pullout of silicon 
carbide particulates which promotes the initiation of 
surface cracks and eventually failure [29].  

 

 
Fig. 1 (a) fracture surface of the EDM coarse condition with 

multiple crack origins; 
(b) fracture origin and micro cracked recast layer in EDM 

coarse condition [29] 
 
Literature survey reveals that the researchers 
encountered the problems while machining of MMCs 
using EDM such as low machining rate, the high risk 
of tool breakage and the existence of machined 
surface defects. Hence intense research in this area is 
required in the production of efficient products with 
EDM for MMCs. 
 
III. MACHINING OF MMC BY ECM PROCESS 

 
Electrochemical machining is a non-traditional 
machining method which is suitable for hard to 
machine material. Efficient machining of MMC’c is 
possible by the use of abrasives in ECM. ECM is the 
extension of Electro Plating method with some 
modifications [30] where machining is done by 
electrolytically dissolving the metal under controlled 
anodic dissolution process (i.e. the electric current 
passes between the work piece and the counter 
electrode through an electrolyte and the chemical 
action causes the removal of material from the 
workpiece surface by electrochemical dissolution) 
[31, 32]. This process is mainly suitable for mass 
production. Due to the gap between tool and 
workpiece, it doesn’t create machining problems like 
tool wear, mechanical stresses, micro-fissures due to 
heat transfer, surface oxidation occurs [33, 34]. ECM 
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is gaining applications in aerospace, automobile, 
medical and recently in marine industries. Complex 
shapes like internal and external geometries like 
forging dies, turbine blades etc. can be machined [35, 
36]. ECM works on the Faraday’s laws of electrolysis  
[30, 37] where electrode and workpiece are formed 
cathode and anode and are separated by a small gap 
(0.1-0.6mm) [38]. The electrolyte used generally in 
this process are acids like sodium nitrate impinge 
with a speed of 10-60 m/s. Low DC voltage (10-20V) 
and direct current applied across the gap. The circuit 
is completed by transfer of ions and the removal of 
material from the work piece occur an atom by atom. 
 
C. Senthkumar et al [39] studied the characteristics of 
Al / SiC using ECM process by using response 
surface methodology. They studied how various 
parameters like applied voltage, electrolyte 
concentration, electrolyte flow rate and tool feed rate 
affects MRR and SR. They found that [39] by 
increasing all the process parameters, MRR increases. 
Fig.2 illustrates that by increasing the applied voltage 
there is more current in the electrode gap which 
results in  an increase of MRR which also obeys the 
principle of ECM i.e. according to Faraday’s law the 
MRR is proportional to the machining current [40].   
 

 
Fig. 2 Effect of voltage and feed rate on MRR [39] 

  
Fig. 3 Effect of flow rate and voltage on MMR [39] 

Fig. 3 Illustrates that by an increase of applied 
voltage results increase in current density in inter-
electrode gap, leads to increasing of MRR [41]. 
Electrolyte concentration plays a major role in the 
metal removal process, when the electrolyte 
concentration increases, the degree of electrochemical 
reaction increases which leads to evacuation of grains 
from matrix material increases the metal removal 
[42]. The presence of reinforcement particles results 
lessens the electrical conductivity of composites 
which leads to the reduction of MRR. An attempt was 
done by adding SiC abrasives in NaCl electrolyte 
while conducting ECM of Aluminium-Boron 
Carbide-Graphite composite to overcome this 
problem [43]. They found better MRR in same 
machining conditions with abrasive assisted ECM as 
compared with ECM. These abrasives are added to 
the electrolyte flow helps in removing the 
reinforcement by abrasion. The removal of material is 
combined phenomena of material removal produced 
by anodic dissolution and mechanical abrasion. 
Grinding assisted ECM [44] gives more MRR as 
compared to the conventional ECM. When the 
electrochemical reaction starts the additional grinding 
wheel mechanical action can easily break the Al2O3 
grains from the matrix network this leads to the 
increase in MRR. Micro ECM process is complicated 
and a lot of research needs to identify the optimal 
machining parameters for better output quality [45]. 
 
The surface finish of the composites which is 
machined by ECM process depends on the various 
parameters like voltage, current, reinforcement, feed 
rate, and electrolyte concentration etc. During the 
machining process due to anodic dissolution, small 
quantity of corroded particles is deposited on the 
surface cause’s poor surface finish. As the electrolyte 
concentration increases machining operation 
increases due to ions associated in machining zone, 
higher the concentration of this ions lesser the 
localization effect of electrochemical material 
removal causes to higher the overcut and reduced 
machining accuracy [46]. The electrolyte type also 
plays a major role, for example, NaCl gives better 
surface finish when compared with NaNO3, 
researcher [44] found that due to the generation of 
lower current density which leads to dragging of 
aluminium particles from the matrix is not uniform 
causes poor surface finish. An attempt was done [43] 
by adding abrasive particles (SiC) in the electrolyte 
can effectively removes the reinforcement by 
abrasion which improves the surface finish because 
due to abrasive action can easily remove the 
deposited corroded particles from the surface. 
 
IV. MACHINING OF MMC BY ECDM 
PROCESS 

 
ECDM is a hybrid manufacturing process that 
combines the principle of EDM and ECM for 
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producing products in more efficient manner. Fig. 4 
illustrates the machining principle of non-conductive 
and difficult to machine materials like ceramics, glass 
and composites that can be easily shaped with ECDM 
[47, 48]. The basic phenomenon of ECDM is still in 
research stage [49]. Fig.5 shows the metal removal 
phenomena in ECDM process is the combination of 
spark erosion action, and electro chemical etching 
[50]. The electro chemical cell consists of smaller and 
larger electrodes these electrodes are connected to 
negative and the positive terminal of a DC / AC 
power supply. When the pulsed D.C supply is ON, 
electrolytic chemical reaction occur that leads to 
formation of hydrogen gas bubbles at the smaller size 
tool electrode / cathode and the anodic dissolution of 
the workpiece [18]. The formation of hydrogen gas 
bubbles increases circuit voltage and once it reaches 
the breakdown voltage of the bubbles, the spark is 
produced which in turn cause of erosion of material 
[51-53]. Erosion is in the form of an arc in case of 
conductive material, rather than spark. Electro 
Chemical Arc Machining (ECAM) gives higher 
productivity about five to fifty times when compared 
with individual EDM and ECM process [54, 55]. 
 

 
Fig. 4 Principle of ECDM process [48] 

 

 
Fig. 5 Schematic diagram showing the combined action of 

Electro Chemical Dissolution (ECD) and Electro Discharge 
Erosion (EDE) [19] 

 
In EDM process the material is removed by 
continuous electric spark erosion, due to this, the 
machined surface consists of thermally damaged 
layers and heat affected zone. The crater is also 
generated on the surface after each discharge leads to 
the poor surface finish. On the other hand in ECM the 
material is removed by chemical dissolution which 
occurs in short pulses, low voltage, and small current. 
So the surface after machining is smooth, stress-free 
with no burr as well as micro cracks. So the hybrid 
machining process (ECDM) combines the action of 
both EDM and ECM [56]. In the view of 
improvement in material removal rate when 

compared both the processes which are completely 
different, for example in the case of EDM higher the 
MRR and poor surface finish, whereas in the case of 
ECM low MRR and better surface finish. To have 
higher MRR and better surface finishes compared to 
individual processes. While machining composites 
with EDM and ECM process the main disadvantage 
is low metal removal rate, this is can be overcome by 
using ECDM process. In ECAM process the material 
removal rate is 5 to 50 times higher when compared 
with EDM and ECM [54, 55]. This is achieved by 
using conductive electrolyte helps in maintaining 
wide machining gap, which facilitates the easy 
removal of ceramic reinforcement from the gap. The 
presence of abrasive particles causes difficulty to 
machine MMC as compared with any alloys, and 
material either by any conventional and 
nonconventional machining methods [57]. With the 
combined effect of spark erosion and chemical 
dissolution, it is observed that ceramic phase can be 
more readily removed as the dissolution of matrix 
metal around the non-conducting ceramic phase is 
accelerated.  This results in higher MRR and 
probability to form defect-free surface.  Liu et al [58] 
analyzed discharge mechanism of particulate 
reinforced metal matrix composite, and they also 
generate a model to find the electric field acting on 
the hydrogen bubble.  They also investigate that the 
presence of reinforcement phase does not affect the 
breakdown voltage which occurs at 26.2 and 34.2v in 
this process. Investigations have done recently for the 
better cutting efficiency and surface quality of MMC 
by using W-ECDM principle [50]. 
 
In ECDM process the material removal mechanism is 
a combination of EDM and ECM process. J.W. Liu et 
al [50] have investigated while machining of 
composites with ECDM they found that a very high 
current density exists between the matrix and particle 
interfaces, they found that this current density 
improves 40% surface finish and also enhances the 
chemical dissolution of matrix material, as it is 
known fact that chemical dissolution helps in removal 
of ceramic particles by the action of dissolving the 
metal phase around the reinforcement in ECM 
process and this chemical dissolution enables EDM 
sparking under large spark gap conditions which 
facilitate removing the debris of the MMC from the 
inter-electrode gap.   The MRR depends on the 
various parameters like applied voltage, 
reinforcement percentage, current, electrolyte 
concentration  [18]. Among all the input parameters 
while ECDM machining of Al2O3 particle reinforced 
MMC, the current plays a more significant factor in 
MRR. At high current conditions, the ECD action is 
enhanced. The function of ECD is to increase the 
MRR which will be achieved by maintaining the 
electrode gap up to the optimal distance. Based on the 
literature after crossing the optimal distance between 
the workpiece and an electrode, MRR decreases 
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again. This increase and the decrease of MRR is 
significantly depends on the spark gap, with the help 
of single pulse condition can easily achieve the 
precise machining gap [18].  
The MRR trend in the case of Al MMC is different 
from the monolithic due to the presence of 
reinforcement particles. Fig. 6 illustrates that MRR 
trend with different reinforcement percentage. MRR 
decreases with increase in applied voltage. The 
reason for the decrease in MRR is; when the applied 
voltage is maximum, removal of a bulk volume of 
material from the workpiece (comprises the 
reinforcing ceramic phase which is trapped in the 
spark gap) cannot be easily carried away with 
electrolyte [18, 50]. When the reinforcement 
percentage of ceramics increases it causes reduction 
in MRR, this can be described by inspecting 
temperature of the processing area. From Fig. 7 it is 
understood that reinforcement particles have the 
effect of controlling heat from processing through, 
which results lessen the molten pool volume than that 
of material without ceramic reinforcement phase. 
Smaller the molten pool causes a reduction in MRR.     
The surface integrity of MMC during ECDM depends 
on the various parameters like pulse duration, current 
and electrolyte concentration that influences the 

surface roughness characteristics. Fig. 8 shows how 
the pulse duration effects on the ECDM machined 
surface. At low pulse duration (16µs) only ECM 
activity was observed. With pure ECM activity it is 
difficult to remove ceramic particles exposed at the 
workpiece surface causes poor surface finish. On the 
other hand at high pulse duration (64µs) both EDE 
and ECD activities are present that easily removes the 
machining debris and produces better surface finish 
[18]. They also found that when the current increases 
which result in higher pulse energy leads to larger 
discharge crater intern which results in higher surface 
roughness. Increase in electrolyte concentration 
enhances the EDE action and weakening the ECE 
action, causes difficulty in removing a ceramic 
particle from the workpiece surface leads to high 
surface roughness [18]. 
Making a hole on electrically conductive composites 
with ECDM causes deflecting the tool, leads to the 
irregularities around the surface of the hole. It is a 
challenging obstacle, to make micro holes on the 
composites [56].  The discharge mechanism of 
ECDM of MMC is still in research stage that needs 
lot of research to optimize the process parameters in 
identifying and eliminating irregularities around the 
hole during drilling of MMC. 

 

 
Fig. 6 Effect of Voltage on MRR[50] Fig.              Fig 7 Simulation results of the temperature field of 
                                                                                the composites when subjected to an EDM spark [18]. 
 

 
Fig 8. The Machined surface produced using (a) 16µs pulse duration and (b) 64µs pulse 

duration [18]. 
 
CONCLUSION 
 
This review paper shows the recent trends that are 
developed in machining of aluminum metal matrix 

composites with EDM, ECM and ECDM processes. 
From the literature it is observed that all the 
researchers have set the objectives of research work 
while machining MMCs using EDM, ECM and 
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ECDM are to enhance the capability of machining 
performance i.e. more material removal rate and 
better surface finish and to get better output product. 
The mechanism of metal removal in EDM is by 
erosion and metal removal is mainly depends on the 
thermal properties of material rather than mechanical 
properties. In EDM process the MRR is slow while 
machining composites as compared with the alloys; 
this can be overcome by adding alumina powder to 
the electrolyte and by selecting the proper machining 
parameters. In ECM process the material removal is 
by chemical action. Chemical dissolution can take 
place at low operating conditions results in the better 
surface finish and reduction in MRR as compared 
with EDM. Machining of MMCs with EDM and 
ECM possess a challenge to the industry in regard to 
improvement of MRR, protection of tool breakage 
and surface defects in case of EDM. Surface quality 
and processing efficiency are two important issues 
exist with ECM process and that are need to be 
addressed.  ECDM is a hybrid manufacturing process 
combines the action of EDM and ECM. The metal 
removal is combined effect of erosion and electro 
chemical etching. It is a stable process because wider 
electrode gap which results in improved surface 
finish and MRR as compared with the above two 
methods. ECDM is a fast process but surface finish is 
not satisfactory while machining metal matrix 
composites, so in-depth investigations in selecting the 
process parameters in Electro Chemical Discharge 
Machining may bring promising results while 
machining metal matrix composites. This paper has 
analyzed the problem areas where the research is 
necessary and may be the initiation point for more 
research and practical applications. ECM and ECDM 
are the areas where very less work has been done in 
while machining MMCs. So there is a lot of scope for 
the future research.   
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