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Abstract: Machining of engineering materials becomes 

inevitable nowadays as the making of products having near net 

shape and size to meet its requirement is more important. The 

modern industrial need emerges the thrust for new materials 

which could satisfy the different performance characteristics. 

Among all, Metal Matrix Composites (MMCs) plays a foremost 

role in the engineering application for the replacement of 

various materials. Most importantly Al alloy based MMCs are 

widely used materials as it has more strength to weight ratio with 

attractive characteristics. However, machining of such a 

material to form required shape is not efficient through 

conventional machining processes. This article presents the 

detailed report on non conventional machining of Al alloy based 

MMCs. 

 

Keywords: machining, Al composites, EDM.  

I. INTRODUCTION 

E ven though, the conventional methods of machining 

MMCs are suitable with some deficit, recently researchers 

have enlightened their focus on non conventional methods of 

machining the composite materials. The modern techniques 

of machining includes Electrical Discharge Machining 

(EDM), Abrasive Water Jet Machining (AWJM), laser 

cutting, Electro Chemical Machining (ECM) [1]. The quality 

of the finished surface and the dimensional inaccuracy are 

the major problem noticed with non-traditional techniques 

[2]. However, the economic aspects of modern machining 

techniques for composites are also been addressed by the 

researchers nowadays [3]. 

II.  AWJM PROCESS 

AWJM process is a mechanical energy based machining 

technique and the mechanism of metal removal is abrasion 

action which is used by many researchers. Muller et al. 
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concluded that AWJM process is not making any thermal 

damages to the composite materials [4]. Srinivas and 

Rameshbabu have carried out machining study using AWJM 

with two abrasive particles having different particulate size. 

The purpose of the study is to enhance the depth of cut 

produced by the particles at varying machining condition on 

the SiC reinforced Al alloy fabricated through stir casting 

process. The result shows that particle of mesh size 80 

produces higher depth of cut and SiC particles passes to 

maximum depth as it is light and more number of particles 

occupied for cutting [5]. In the similar research work, the 

lesser depth was achieved with MMC compared to 

unreinforced alloy because of enhanced mechanical 

properties of composite materials [6]. Muller and Monaghan 

examined the machining aspects of MMCs through AWJM, 

EDM and laser based cutting processes. They have concluded 

that AWJM gives the faster cutting than EDM and laser 

cutting process [7]. Ramulu et al. have done an experimental 

analysis on the Al alloy and SiC reinforced Al alloy based 

MMC with varying impact angle. The results show that when 

impact angle increases, the erosion rate of the composite 

material also increases at steady flow rate of abrasive 

particles. However, the metal removal is less in the case of 

MMC than Alloy material [8]. Kumar and Kumaresan have 

studied the machinability characteristics of SiC reinforced Al 

MMC prepared through stir casting route. They have 

analyzed the effect of water pressure, traverse speed and 

standoff distance with an aim to improve the surface finish. 

They concluded that the traverse speed is the influencing 

variable on changing surface finish of the composite material 

subsequently pressure and distance [9]. 

III. EDM AND WEDM PROCESS 

Most of the researchers done EDM process on Al based 

MMCs with varying reinforcement so as to identify the affect 

of machining conditions on machinability characteristics. 

Hung et al. have studied the viability of machining Al 

composite reinforcing with SiC through EDM. The results 

revealed that inclusion of SiC particulates protects the matrix 

and hence metal removal is reduced [210]. Later, 

Karthikeyan et al. studied influence of SiC content, pulse 

current and time on metal removal, surface finish. The 

analysis shows that the presence of SiC greatly influenced on 

the characteristics. Moreover, increased SiC content and 

pulse current increases both material removal and tool wear 

and lowers the finish [11]. P. 

Narender Singh et al. have 

worked identifying the 
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machinability characteristics of Al- 10%SiCp MMC through 

EDM process [12].  

The goal of this research work is to determine the impact 

of variables such as pulse duration, current and flushing 

pressure on characteristics like surface finish, tool wear and 

metal removal. They have concluded that higher current and 

duration of spark removes more quantum of materials from 

the composite where as it increases the tool wear and lowers 

the machined surface quality. Akshay Dvivedi et al. have 

done an investigation on machinability of SiC reinforced Al 

alloy based MMC prepared through stir-squeeze-quench 

casting process. The optimal conditions of machining 

parameters were found which exhibits the maximum metal 

removal with tolerable tool wear and accuracy in dimension. 

Moreover, an increase in the cutting condition results in 

reduced metal removal and also higher electrode wear [13]. 

On the other hand, Yan and Wang examined the Al2O3 

reinforced Al alloy based composite machined through EDM 

having tube electrode [14]. They proposed that this 

composite is suitable for EDM drilling process compared to 

other machining techniques. The unconventional machining 

techniques such as laser machining, water jet and wire EDM 

are applicable for only linear cutting [15]. Che Wang and 

Biing Yan investigated the feasibility of making a blind hole 

on alumina reinforced Al composites using rotary EDM 

process. [15]. The drilling of blind-hole is feasible on the 

MMC and noteworthy point is significance of the electrical 

parameters are more than that of other parameters. The 

surface finish and material removal are mostly influenced by 

polarity. 

Later, researchers have introduced some new idea of 

adding the powder into the dielectric medium during the 

EDM process which enhances the machinability 

characteristics. Kansal et al. analyzed the machinability of Al 

matrix reinforced with SiC particles by adding the 

Aluminium powder in the dielectric medium. The influence 

of variables on the machining performances were identified 

and also compared with the previously done research work 

[16]. Recently a comparison study was reported on EDM 

process on Alumina reinforced Al based MMC fabricated 

through stir casting route. The plain and silicon carbide 

powder mixed dielectric were used for an experimental work 

and the results of the studies were observed. The examination 

shows that the inclusion of powder shows better 

performance. Moreover, the particle size and concentration 

followed by current are the influencing parameters on 

affecting the surface texture of the machined composite 

materials [17]. The recent research work attempted to find 

the machinability behaviour of B4C and glass reinforced 

Al-SiC hybrid composites. The results revealed that prolong 

of electrical spark is required for removing the hard particles. 

The presence of recast layer is observed on both the 

composites [18]. 

Among the various available machining techniques, wire 

WEDM is believed as an efficient and inexpensive process 

for machining composites [19]. However, limited work was 

carried out on WEDM of MMC [20-22]. Rozenek et al. have 

examined the influence of WEDM variables on surface finish 

and feed rate while machining SiC reinforced Al alloy based 

metal matrix composite [23]. The increased current, pulse 

duration and discharge energy increases the feed rate and 

lowers the finish. Yan et al. [24] have examined the WEDM 

performance during the machining of alumina reinforced Al 

alloy based MMCs. They have observed the wire breakage 

during cutting process and also concluded that the presence 

of ceramic particles in higher concentration makes this 

happen in WEDM process. Manna and Bhattacharyya 

studied the affect of WEDM variables on the surface quality 

of Al composite material. Gap voltage is found to be most 

influencing parameter followed by pulse duration. Moreover, 

feed rate and wire tension are the significant factor affects the 

surface finish of the machined section [25]. The affect of 

pulse current and pulse time on metal removal of Al alloy and 

particle reinforced MMC are as shown in Figure 1 [26]. 

 

Fig. 1. Material removal rate of MMC and alloy [26]. 

The most of the research work in electrical discharge 

energy based was carried out on die-sinking type of EDM 

process only which is shown in Figure 2 [27] 

 

Fig. 2. Research work done on EDM process [27] 

IV. ELECTRO CHEMICAL MACHINING (ECM) 

PROCESS 

ECM is a cost effective and efficient techniques used for 

the manufacturing the hip-joint implants, turbine blades, 

rifle bores, micro-components. ECM produces quality 

products made from composites [28]. In addition, ECM is 

used advanced machining to produce complex shaped items 

and electrically conducting material and also difficult to cut 

materials [29]. The 

experimental study to 

evaluate the material 



International Journal of Recent Technology and Engineering (IJRTE) 

ISSN: 2277-3878, Volume-8 Issue-4S4, December 2019 

218 

 

Retrieval Number: D10651284S419/2019©BEIESP 

DOI:10.35940/ijrte.D1065.1284S419 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  

removal rate at varying current intensities for Al material 

using ECM process was done [30]. The experimental finding 

revealed that the increased current density increases the 

metal removal, tool wear and over cut of the composites 

[31-32].  

Chenthil Jegan et al. have analyzed the performance of Al 

alloy reinforced with SiC MMC using ECM process. The 

experimental results reveals that the current, voltage and 

feed rate are directly influences the metal removal. The 

surface finish is influenced by current, gap and feed rate [33]. 

Figure 3 illustrates the working Electro Chemical 

Discharge Machining (ECDG) process suitable for 

machining non-conductive nature materials and also difficult 

to cut materials such as composite, ceramics and glass 

[34-35]. However, the research work in the field of ECDM is 

initial stage only [36]. 

 

Fig. 3. Working of ECDM process [35] 

Figure 4 explicates the combined phenomena of both spark 

erosion and etching through electro chemical is the 

mechanism of ECDM process [37]. During EDM, the surface 

gets damaged and ECM process removes the material by 

chemical dissolution results in formation of smooth surface. 

Hence, ECDM end up with better surface finish as it 

combines the action of both process [38]. 

 

Fig. 4. Schematic of combined mechanism of metal 

removal [39] 

 

a) Influence on Surface roughness 

 

b) Influence on material removal 

 

c) Influence on dimensional accuracy 

Fig. 5. Effect of process parameters on LBM 

characteristics [44] 

V. LASER ENERGY BASED MACHINING PROCESS 

Eventually, Laser Beam Machining (LBM) is having a 

capability to make a complex shapes and also it is well 

suitable for machining of ceramics and aluminium [40-42]. 

Avanish Kumar Dubey et al [43] examined the affect of 

process variables on kerf width and deviation for Al based 

composites and identified that frequency and gas pressure 

passed for the cutting are most influencing parameter. 

Manjoth at al. have investigated the significance of LBM 

process conditions for TiB2 added Al alloy based composites 

on material removal, surface finish and dimensional 

accuracy [44]. Figure 5 shows the effect of process variables 

on LBM characteristics. 
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VI. CONCLUSION 

The research work reported on non conventional 

machining techniques viz. AWJM, EDM, Wire-EDM, ECM, 

Laser energy based machining are reported in this paper. The 

following points were highlighted. 

 AWJM process is mechanical energy based technique and 

the major process parameters involved in this are water 

pressure, traverse speed and distance. 

 The process does not involve any heat addition during 

machining and hence there is no heat affected zone is 

formed. 

 The most of the researchers are worked using die sinking 

type EDM and reported their experimental findings. The 

surface produced from EDM and Wire-EDM process are 

comparatively rough than AWJM process. 

 EDM process forms heat affected zone and the micro level 

cracks also may induced sometimes in the sub surface of 

the materials. 

 ECM is a cost effective and efficient techniques used for 

the manufacturing the hip-joint implants, turbine blades, 

rifle bores, micro-components. 

 LBM is a thermal energy based techniques and which is a 

capable to make a complex shapes and also it is well 

suitable for machining of ceramics and aluminium. 
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