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Abstract— EDM is one of the most efficient manufacturing 

processes and is used to achieve highly accurate production. 

It is a non-contact thermal energy process used to machine 

electrically conductive components irrespective of the 

material’s mechanical properties. Maintaining the accuracy in 

machining is very critical as there is significant wear in 

electrode. Also, it increases the cost and time involved in 

reworking the electrode. So, the reduction of electrode wear 

is much important. This paper summarizes the research works 

that has been done to reduce the electrode wear. 
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I. INTRODUCTION 

Spark machining (SM) is highly recommended for the precise 

machining of conductive materials due to its capability. The 

SM is finer in machining of the materials like alloys and 

composites with elevated accuracy. The metal is removed 

from the work by the series of discrete intense electric sparks 

generated in tool work gap in dielectric environment [1]. To 

ensure the generation of arc, the electrode and work material 

must be conductive electrically. The arc vaporizes the work 

material locally without any physical contact [2]. The metal 

vapour from electrode and work interacts and produces shear 

force on the molten metal to enhance the machining [3]. 

There is no vibration problem, chatters during machining and 

no internal stresses in the machined component [4]. But, the 

development of advanced and superior materials such as 

super alloys and ceramics, challenges the machining 

techniques in quality and cost. Due to their altered properties, 

the machining takes more time that leads to significant wear 

at electrode. This causes the machining quality to degrade.  

II. PRESENT STATUS 

SM is a very slow process compared to conventional 

machining methods. So, most of the research work has been 

done to increase the metal removal rate. The researchers tried 

to improve the performance of the SM process through 

various techniques such as optimizing the process 

parameters, using of different electrode materials, combining 

the techniques like rotation and vibration with electrode, 

using solid, plate, frame, and micro drilled electrodes and by 

adding additives or chemicals with the dielectric fluids. Some 

researchers used various manufacturing methods such as 

powder metallurgy, electro plating and 3D printing etc. In 

recent research, carbon nano tube infused electrodes, multi 

spark machining using bundled and split electrodes were also 

done. Almost the primary objectives of all the studies were to 

improve the rate of machining. On the other hand, due to the 

process nature, it is inevitable to eliminate the electrode. But, 

reduction of electrode wear is essential to produce good 

quality in machining. Researchers used so many techniques 

to reduce the electrode wear and they are summarized below. 

Bissacco et al. analyzed the metal removal rate and 

electrode wear based on the discharge energy levels. The 

digital oscilloscope called Picoscope 3206 was used to record 

the spark count while machining specially designed AISI 420 

steel work with tungsten carbide electrode. They reported that 

metal removed per discharge was almost constant for the 

same energy levels. But, electrode wear had uncertainty even 

in the same energy levels [5]. Mascaraque and franco 

revealed the mechanism of degradation of electrode and 

presented the expression for groove depth and material 

profile ratio as a function of control variables that helps to 

increase the tool life. They concluded that current intensity 

and penetration depth has the greater influence on the tool 

wear [6]. One of the researchers investigated the tool wear 

made of various materials like carbon steel, copper, a 

aluminum and tool steel. They concluded that the current 

intensity and the nature of material affects the wear and more 

wear is observed in copper followed by steel, aluminum and 

tool steel. Also, they developed a empirical mathematical 

model to express the electrode wear [7]. Yuna yahagi et al. 

decreased the tool wear ratio with the help of rotating non-

contact electro static induction feeding. Also, they increased 

the circuit impedance to reduce the electrode wear when work 

piece was negatively charged [8]. He said that the increase in 

pulse off time diminishes the rate of metal removal due to 

smaller plasma channel that reduces the amount of positive 

ions attacks the work piece. Also, the suggested to do the 

rough machining to get the shape closer to original size and 

to machine with lower pulse current and pulse on time to 

reduce the tool wear and to improve the machining quality 

[9].  Suleiman Abdulkareem et al. used the liquid nitrogen as 

a coolant at tool work interface to reduce the electrode wear. 

The cooling effect of the liquid nitrogen improves the heat 

transfer rate of copper and maintains low temperature. Also, 

they found that the improved surface smoothness [10]. 

Pallavi S. Karande et al. analyzed the tool wear for 

machining EN 31 tool steel. They used Taguchi method for 

optimizing and found current, pulse on time and pulse off 

time has influences on tool wear [11].  Nibu Mathew and 

Dinesh Kumar compared the performance of the electrodes 

made up of copper and copper tungsten by powder 

metallurgy. They machined H11 chromium hot work tool 

steel and concluded that the copper tungsten electrode 

prepared by powder metallurgy has low tool wear compared 

to conventional copper tool [12]. Vijayakumar and singh 

optimized the electrode wear for machining NiTi alloy with 

electrolytic copper using Taguchi’s L36 mixed orthogonal 

array. They concluded that electrical conductivity of tool 

material, current and pulse on time were the significant 

process parameters. Also, they obtained the optimum tool 

wear rate as 0.007641mm3/min [13]. Kunieda, and 

Kameyama introduced sliding motion between work material 

and electrode. They considered the factors such as the length 
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of elongation of discharge craters and arc column sliding on 

cathode. They said that moving the work corresponds to the 

electrode gives better results and at low sliding speed 

electrode wear was less [14]. Nurezayana Zainal et al. 

analyzed the parameters namely pulse on time, pulse off time, 

current and servo voltage for machining titanium alloy with 

copper tungsten electrode. They used two level full factorial 

to design the experiment and concluded that the significant 

parameters that affect the electrode wear were current, 

followed by pulse on time, servo voltage and pulse off time 

[15]. 

Pervaz Ahmed Mouda and Siddhi Jailani reduced 

the tool wear and increased the material removal rate by 

cryogenically treated copper tool. The tool was supplied with 

nitrogen gas inside the chamber to reduce the temperature 

gradually to -1860C and allowed to cool naturally to 

atmospheric temperature. This refines the grains and reduces 

the electrical resistivity. The metal removal rate increased 

about 20-30% and tool wear decreased significantly when 

compared to untreated copper electrode [16]. Reza Teimouri 

and Hamid Baseri studied the machining of SPK cold work 

steel with copper electrode. Also, they used tool rotating 

mechanism and two magnetic poles of intensity 0.38 and 1.2 

Tesla to create the magnetic field around tool work interface 

They reported that electrode wear was decreased at high 

energy regimes due to the pyrolytic carbon deposit and the 

rotation of electrode and magnetic field increases the 

electrode wear and over cut [17]. Eckart Uhlmann, Markus 

Roehner studied the wear behavior and surface topography 

while machining with Boron doped CVD diamond (B-CVD), 

polycrystalline diamond (PCD), copper , tungsten copper and 

graphite electrodes and summarized the analysis based on 

wear and process behavior . They concluded that B-CVD and 

PCD diamonds were superior novel electrode material [18]. 

Banker et al. carried out the investigation on performance of 

Aluminum, copper and brass electrode for machining AISI 

304L material in the presence of diluted kerosene. They 

reported that Aluminum produced the least roughness on the 

surface followed by brass and copper. Even though brass 

produces good surface finish, it was not recommended for 

electrode material due to high electrode wear and the cavity 

formation [19]. Jeevamalar and Ramabalan investigated the 

effect of parameters such as peak current, pulse on time and 

pulse off time on metal removal rate, tool wear rate, surface 

roughness and overcut. They designed and conducted the 

experiments based on full factorial design using copper on 

inconel 718. They concluded that tool wear increases with 

peak current and decreases with pulse off time [20].   

Arjunkumar et al. analyzed the effect of parameters 

such as voltage, current, pulse on time, and pulse off time for 

machining AISI D2 steel with copper alloy electrode with 

respect ot tool wear rate. They designed the experiments 

using L9 orthogonal array and optimized the parameters 

using Taguchi method.  Tool wear rate was influenced by 

pulse off time, followed by current, pulse on time and gap 

voltage. The optimized values are pulse on time 40µs, pulse 

off time 8µs, current 8 map and voltage 60 volt and the 

corresponding response was 0.117 mm3/min [21]. Dyi-Cheng 

Chen investigated the effect of the EDM electrode route 

motion on electrode wear and surface roughness 

characteristics of PDS5A and PDS-1 mold steel work pieces. 

The motions includes straight dip process (G111), spiral 

attack hole process (G133) and awl free expand hole process 

(G135). The major findings of this study can be summarized 

as follows: (1) the awl free expand hole route motion (G135) 

yields a more uniform wear of the electrode than the straight 

dip route motion (G111) or spiral attack hole route motion 

(G133). (2) The awl free expand hole route motion results in 

a lower surface roughness [22]. Reza et al. conducted the 

experiments using copper, aluminum, and brass electrodes.  

For each electrode, they investigated the amount of material 

removal rate (MRR) and electrode wear ratio (EWR). They 

found that copper is the best selected electrode material for 

MRR and EWR machining characteristic criteria followed by 

aluminum, and brass [23]. Schubert et al. studied the EDM 

process with cemented carbide electrode. They produced the 

hole with linear movement of electrode and linear movement 

combined with planetary rotation. Finally, they concluded 

that for machining the hole with high aspect ratio, the tool 

with planetary motion behaves good [24]. Shivendra Tiwari 

optimized the parameters of electrical discharge machining 

with respect to tool wear. He used copper tool to machine the 

mild steel. He optimized the current, pulse on time and 

voltage corresponding to metal removal rate, tool wear rate 

and surface roughness [25].  

Jahan et al. studied the deposition of carbon particle 

on electrode and work piece. They found that carbon particles 

migrate from the dielectric fluid when machining with the 

stationary electrode at low gap voltage. Also, increase of 

capacitance at constant voltage accelerates the migration of 

carbon particle. Carbon deposition was very less when 

machining at low capacitance with moderate voltage. It is 

further reduced by effective flushing [26]. Straka Luboslav 

and Hasova Slavomira studied the electrode wear phenomena 

in EDM process. They prepared the a tool with square cross 

section and another with thread from copper and graphite 

material. They concluded that graphite has shown less wear 

rate compared to copper. But, the wear pattern was almost 

same [27]. Tsai et al. fabricated the composite electrodes 

using copper powder contained resin with chromium powders 

at low temperature and pressure (200Mpa and 2000C). They 

reported that the copper and chromium powder from 

electrode were deposited on the machined surface caused the 

roughness, but, higher metal removal rate. It also improved 

the corrosion resistance property at the machined surface 

[28]. Harpuneet Singh investigated the copper chromium and 

aluminum electrodes. Nibu Mathew et al. experimentally 

investigated the effect of electrode type, peak current, gap 

voltage, and duty cycle on material removal rate of H11 steel. 

A L18 Taguchi’s standard orthogonal array was used for 

experimental design. Conventional Copper (Cu) and powder 

metallurgy (PM) copper tungsten (CuW) are used as tool 

materials. It was found that copper electrode gives maximum 

MRR and best parametric setting for maximum MRR was 

found at, Cu (99% Cu) tool electrode, 9 ampere current, 50 

volts gap voltage and 0.92 duty cycle [29]. 

III. CONCLUSION 

In this paper, the publications related to the electrode wear 

were summarized.  Optimizing the parameters to reduce wear 

was the general technique. Apart from that, researchers tried 
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with different materials as electrode, manufactured the 

electrodes by different techniques, and used new composites, 

providing the relative motion between electrode and work. 
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