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Abstract — Electrical Discharge Machining (EDM) is a 

thermo-electrical based non-contact material removal process for 

machining of the electrically conductive difficult-to-machine 

materials. The machinability of the EDM process is not affected 

by mechanical and physical properties of the workpiece 

materials. Even though, its performances are highly affected by 

the tool materials and their designs. Most of the research papers 

refer to enhance the productivity of the EDM process without 

considering the effect of the parameters related to the tool 

electrodes. Generally, the tool wear is the well known 

phenomenon of the EDM process that affects the plasma 

formation as well as surface quality and productivity.  The aim of 

the present study is to summarize a report on the published 

works related to the tool electrodes materials, designs and their 

effect on the performances of the EDM process. Instead of this, 

the present paper also focuses to future research scope in the 

same field and discussed in the brief. 
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I.  INTRODUCTION 

Electrical discharge machining (EDM) is more acceptable 
and industrialized non-traditional machining process for 
making of the molds and dies. The basic reasons behind this 
are to machining capability of EDM for difficult-to-machine 
electrically conductive materials. The machinability of the 
EDM process is not affected by mechanical and physical 
properties of the materials [1-3]. Therefore, the materials with 
high hardness, brittleness and strength like heat treated alloys, 
super alloys, metal matrix composites, advanced ceramics, 
glass etc. can be easily machined by it. The materials having 
conductivity more than 0.01/ohm cm can be machined by this 
process [4]. Due to applicability in machining, it is widely 
used in the field of die and mould industries, aerospace, 
aeronautics, and nuclear industries [3]. Instead of this, the 
EDM process shows their presence in the several other fields 
like sports, optical, medical and surgical instruments, dental 
and jewelry industries including advanced manufacturing, 
research and development areas [3, 5]. 

EDM can be defined as a thermo-electrical material 
removal process in which material is removed by melting and 
vaporization with application of controlled sparks generated 
between two electrodes (tool and workpiece), when pulse 
direct current (DC) applied to EDM machine. In this process, 
the tool and workpiece are connected to + ve or – ve polarity 
depending upon nature of machining. Both the electrodes are 
separated by dielectric fluid during machining. Generally, it 
works on the principle of erosion of the metals by controlled 
spark discharges between two-electrodes [6, 7]. Due to sparks, 

high temperature is generated between electrodes [7-10].  
Generally, the each spark produces temperature between 
8,000°C and 12,000°C [7] or as high as 20,000°C [11]. During 
machining, thousand of sparks are generated per second as a 
result melting and vaporization of the material occurs at the 
surface of electrodes and produces tiny craters. Due to erosion 
of workpiece material forms the shape of tool at the workpiece 
surface resulting machining can be performed [12].  

Generally, EDM process involves the complex interaction 
of the many physical phenomena and many parameters those 
affected the performances of the EDM process [13]. These 
parameters can be divided into two categories, i.e. electrical 
and non-electrical parameters. The electrical parameters are as  
discharge voltage, pulse current, pulse frequency, pulse 
duration, pulse interval, duty factor and polarity of electrodes 
while non-electrical parameters are as flushing of dielectric 
fluid, electrodes rotation and electrode materials [14, 15]. 
Although, the performances of the EDM process are not 
affected by hardness and strength of materials. Even though, it 
is much slower process as compared to the milling and turning 
processes [16]. As a result, the enhancement in the 
productivity with high precision and accuracy becomes a big 
challenge for researchers. 

Most of the research works show that the material removal 
rate (MRR), tool wear rate (TWR), and average surface 
roughness (Ra) are the main performance parameters of the 
EDM process [14, 15]. The analysis of the each process 
parameters on the performance parameters becomes difficult 
to explain because the EDM shows the stochastic thermal 
nature with complicated discharge mechanism for material 
removal [17]. Instead of this, the tool wears are well known 
problems of the EDM process [18]. Most of the researchers 
made their efforts to achieve the faster and more efficient 
metal removal rate with reduction in the tool wear rate at 
higher productivity by controlling the process parameters 
during machining [19-21]. Even though, the performances of 
the EDM process are highly affected by tool configurations 
i.e. tool materials and design [22].   

Generally, most of the EDM tools are made by 
conventional methods by rapid prototyping technology. Even 
though, it is also possible to fabricate the complex electrodes.  
However, the fabrication methods are rather complicated but 
saved the time and cost too. [23, 24]. Therefore, considering 
the popularity of the EDM process and the role of the tool 
electrode in the machining, the present study has been 
presented. This paper summarized a report on the recent 
research and development in the EDM tool electrodes with 
future scopes of the works in the same area. 
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II. EDM TOOL MATERIALS AND PROPERTIES 

Tool electrode is an important parameter that responsible 
for the sparks generation and surface quality. The main 
characteristics of the tool materials are electrical and thermal 
conductivity, high melting temperature, low wear rate with 
high resistance to the deformation during machining. The 
common electrodes materials such as Graphite, Copper and 
their alloys, Copper-Tungsten, Brass, Silver, Silver-Tungsten 
and Steel are mostly used in the EDM process [22, 25, 26]. 
The Graphite tool material with finer grain gives higher 
material removal, lower tool wear with better surface quality. 
Even though, it is high brittleness in nature as which it is 
undesired for tool material [25]. The other material as Copper 
is most popular commercial tool material due to its excellent 
electrical and thermal conductivity [27]. The Copper tool 
material posses several unique properties such as high thermal 
conductivity, low tool wear rate and low thermal expansion 
coefficient etc. The combination of the Copper with Tungsten 
as Cu-W electrodes becomes popular tool material for 
machining of the hard and brittle materials such as die steel, 
glass, heat treated alloys and tungsten carbides [28]. The other 
tool materials like Silver or Silver alloys are highly expensive 
and used in only special applications.  

III. RESEARCH IN TOOL MATERIALS 

The several researchers, who works in field of EDM are 

made their efforts to get the better electrode materials.  Several 

researchers were focused on the effect of tool materials during 

EDM process. Singh et al. [29] compared the performances of 

Copper, Brass and Graphite tool materials during EDMed of 

the mild steel workpiece. They claimed that the Graphite 

electrode exhibits superior quality with respect to the 

machining characteristics except for surface finish. The 

theoretical analysis related to the cathode erosion rate as a 

point heat source model (PHSM) for workpiece-tool materials 

was presented by Dibitonto et al. [30]. They analyzed the role 

of the electrodes in energy distribution during EDM process.  

Saha and Kumar [31] experimentally evaluated the cathode 

erosion rate for different materials (similar and dissimilar) of 

work/tool such as Steel, Copper, Titanium and Graphite using 

PHSM model.  They show that Copper as anode results in 

greater fraction of the power going to the cathode. 

The role of Copper and Graphite electrodes were analyzed 

by Lonardo and Bruzzone [32]. They investigated that wear 

rate of Copper electrode is higher as compared to Graphite 

electrode during machining the Cr, Mo, V steel. They also 

investigated that Copper electrode gives better surface finish 

as compared to the Graphite electrode.  Lee and Li [33] 

investigated that the Cu-W tool electrode gives better 

performances (higher MRR, better surface quality, higher 

dimensional accuracy with low tool wear) as compared to the 

Copper and Graphite electrodes as shown in Fig. 1 (a)-(c). 

They suggested that Graphite electrode is more suitable for 

rough machining while Copper electrode is a better option to 

achieve the better surface quality.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Fig. 1(a)-(c) Comparison of different of tool materials [33] 

The performance of Copper, Copper-Tungsten, Brass and 

Aluminium electrodes on the En-31 tool steel were tested by 

Singh et al. [34]. They found Copper tool gives higher MRR, 

better surface finish, lower tool wear and overcut as compared 

to the other materials. Khan [35] was experimentally proved 

that the wear rate of the Copper electrode is less than Brass 

electrodes during EDMed of the aluminium and mild steel 

workpieces due to higher thermal conductivity and melting 

point of Copper as compared to Brass tool. Haron et al. [36] 

suggested that Copper electrode is more suitable for rough 

machining while graphite is a better option for the finish 

machining for EDMed of the XW42 tool steel.  Singh et al. 

[37] also tested the performance of Copper tool during 

drilling-EDMed of the steel.  
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The effects of multi-electrodes (three-electrodes) in the 

EDM for pipe cutting were tested by Chena et al. [38]. They 

found higher MRR and lower tool wear with multi-electrodes 

as compared to the single electrode. Ming et al. [39] observed 

that electro-formed Copper electrode of sulfate bath shows 

better wear resistance than deposited tool electrode.  Beri et al. 

[40] claimed that Cu-W electrode made be powder metallurgy 

gives better performance as compared to the electrode made 

by conventional methods.  

The different EDM tool materials were also tested for 

machining of the metal matrix composites (MMCs) and 

ceramics workpiece materials. Mohan et al. [41, 42] examined 

that Copper tool gives higher MRR as compared to Brass tool 

during EDMed of Al/SiCp workpiece. Muttamara et al. [43] 

compared the performances of Copper, Graphite and Copper-

infiltrated-Graphite tools during EDMed of alumina ceramic 

workpiece.  They found that that Graphite is the comparatively 

better material for machining of the alumina because it gives 

higher MRR, lower electrode wear with better surface finish. 

Ahamad et al. [44] studied the effect of tubular Copper tool on 

EDMed of the hybrid-MMCs and found significant 

improvement in the performances. Senthilkumar and 

Omprakash [45] analyzed the effects of process parameters 

during machining of the Al/TiC composite workpiece.  

 

 

 

 

 

 

 

 

 

 

Fig. 2 Effect of percentage of Cu on material removal [49] 

A. Research in Composites Tool Materials 

To improve the productivity of the EDM process, several 

researchers were tested the performance of composites tools 

also. Ming and He [46] observed improvement in corrosion 

resistance of the die surface with Cu-Cr composite electrode in 

EDMed machining. They clarified that the Cr elements can be 

migrated towards die surface as a result improvement in the 

corrosion resistance of die material. Zaw et al. [22] compared 

the performances of the Cu, ZrB2/Cu and TiSi/Cu electrodes 

in EDM and shows that TiSi/Cu electrode leads in high tool 

wear rate with damages at the workpiece surface. The 

performances of the TiC/Cu and TiC/Cu-W electrodes were 

compared with conventional electrode by Li et al. [23]. They 

found that the composite electrode with 15% TiC gives lower 

tool wear, higher material removal with better surface finish as 

compared to the conventional tool electrode.  

The role of sintering pressure of the Cu/Cr composites tool 

electrodes in EDM were analyzed by Tasai et al. [47]. They 

claimed that high sintering pressure responsible for the higher 

material removal while lower pressure leads to easily drop-out 

of the Cu and Cr particles from the electrode material due to 

their weak bonding strength. The performance of the ZrB2/Cu 

composites as an EDM electrode has been reported by Khanra 

et al. [48, 49]. They identified that composite tool with 40% of 

Cooper electrode gives higher material removal and lower tool 

wear as compared to the Copper electrode with some loss in 

the surface quality as shown in the Fig. 2. The performances 

of the hybrid-composite tool of Al/Cu/Si/TiC were tested by 

Taweel [50]. They experimentally proved that the hybrid-tool 

electrode shows high sensitive to peak current and pulse on-

time than conventional tool electrode.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Effect of tool diameter on EDMed surface [52]  

    (a)  EDMed surface with 4 mm (diameter) tool 

(b)  EDMed surface with 0.5 mm (diameter) tool 
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IV. ESEARCH IN TOOL DESIGN 

The shape and size of the tool electrodes also affect the 

performances of the EDM process. Several researchers were 

focused their research in that directions. The effect of the size 

and length of the electrode were studied by Lonardo and 

Bruzzone [32].  They observed that larger frontier area of tool 

electrode responsible for higher material removal due to 

erosion takes place in the larger area. On other hand, longer 

length of the electrode facilitates to thermal conduction as a 

result lower in the tool wear. Khan [35] investigated that 

higher tool wear occurs along their cross-section as compared 

to the wear along the length of tool. 

Several researchers were shown that the cross section and 

diameter of tool electrode were also responsible for responses 

of the EDM process. Cogun and Akaslan [51] analyzed that 

higher tool wear occurs at inner radii as compared to the outer 

radii of the cylindrical hollow tool electrodes. Haron et al. [36] 

investigated that the tool wear rate decreases and material 

removal rate increases with the larger diameter of the tool as 

compared to the smaller diameter of the tool electrode in EDM 

process. Lee et al. [52] found that larger diameter of electrode 

leads in formation of micro-cracks on EDMed surface as 

compared to the smaller diameter of tool electrode. Such 

phenomenon has been shown in the Fig. 3(a) and (b).    

The variations of geometrical tool wear characteristics 

such as edge and front wears during EDMed of steel with 

Copper tool were analyzed by Ozgedik and Cogun [53]. They 

explain the tool wears phenomena of EDM process as shown 

in the Fig. 4. They clarified the effect of the flushing on the 

tool wears behaviors and found that injection flushing leads in 

the larger inner edge wear while suction flushing shows larger 

outer edge wear. They also observed that the higher front- 

surface wear and larger edge-wear radius are observed at the 

dielectric inlet as compared to the dielectric outlet.  

 

 

 

 

 

 

 

 

 

 

Fig. 4 Tool wear phenomenon in EDM process [53]  

 

Instead of this, Marafona [54] investigated that the 

migrated carbon from the dielectric fluid during the EDM 

process are attached to the tool surface and form the black 

layer, which consist some other elements like iron, chromium, 

vanadium and molybdenum and known as equivalent carbon 

as shown in the Fig. 5.  Such phenomenon leads to decrease in 

tool wear rate. Abdulkareem [55] investigated that the tool 

wear rate reduces approximately 27% with application of the 

effective cooling during EDMed of the Titanium alloy with 

Copper electrode in presence of the liquid Nitrogen. They also 

claimed that liquid nitrogen improves the electrical as well as 

thermal conductivity of the Copper electrode as a result 

reduction in the electrode wear rate with improvement in the 

surface quality of the EDMed surfaces.   

 

 

 

 

 

 

 

 

 

Fig. 4 Black layer formation on tool surface [54]  

V. DISCUSSION AND FUTURE SCOPES   

After carefully analysis of the published papers on the 

electrode material for the EDM process, following points 

become obligatory to discuss here.  

 Among various tool materials (Copper, Brass, Graphite, 

Mild Steel) Copper has been found a good material for 

tool electrode of EDM process due to their high thermal 

and electrical conductivity properties. It gives higher 

material removal with better surface finish.  

 Graphite electrodes are capable to give higher material 

removal but the brittleness property of the Graphite 

limits their wide applicability as a tool material. 

 The electrode made of Copper and Tungsten i.e. Cu-W 

electrodes are a better option for machining of the 

difficult-to-machine materials because it gives better 

performances (higher MRR, better surface quality, 

higher dimensional accuracy with low tool wear) as 

compared to the Copper and Graphite electrodes. 

 The applications of the composite electrodes as a tool 

material for the EDM process are limited and few 

researchers were focuses toward that direction. Even 
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though, composite tool gives higher material removal 

with lower tool wears. 

 The shape and size of the tool electrodes also 

responsible for the performances of the EDM. Even 

though, very little works has been found in the same 

area. The frontier area of tools responsible for material 

removal while length of tool facilitates in the thermal 

cooling of the tool electrodes. Instead of this, the larger 

diameter of electrodes lead in micro-cracks on the 

EDMed surface while lower diameter of the tool 

electrodes gives better surface finish without cracks. 

Therefore, in this direction more researches are 

required to get the appropriate dimension of the tool 

electrodes for the EDM process.  

 In circular tool electrodes, inner radius shows higher 

wear as compared to the outer radius of the tool. 

Therefore, researches are required in this direction to 

minimize the tool wears.  

 Flushing of dielectric fluid responsible for the plasma 

formation and ejection of the molten material. Instead 

of this, it affects the tool wears but few papers were 

focused their studied in this area. Therefore, more 

research works are required in same area to know the 

behaviors of flushing on the tool materials.    

VI. CONCLUSIONS  

In present paper, a review report has been summarized on 
the different tool materials used in the EDM process. This 
paper also presented the role of the tool materials, shape and 
size of electrodes, cross sectional area of tool electrodes and 
development of the composite electrodes of the EDM process 
for machining of difficult-to-machine materials. This review 
becomes helpful for the researchers and industries to select the 
appropriate tool material for the EDM process. Instead of this, 
the paper becomes advantageous for the researchers who work 
in field of EDM and always make their efforts to achieve low 
cost machining with better quality.  
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