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Abstract 

Enhancement of electrical process parameter plays a significant role to improve the process 

efficiency. In electrical discharge machining process, the electrical energy is converted into the 

thermal energy due to applied electric voltage. This article focuses on the modelling and its effect 

of process parameters like given voltage and current, duty cycle of pulses and discharge energy on 

output parameters like MRR, electrode wear rate and finishing of product on surface. In addition, 

deals with the optimization process and parameters along with electrical process parameter control 

for EDM.   It is noticed that efficacy of machining process can be increased by electrical process 

parameters, however only few considered for improvement of such parameters 
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1. Introduction  

Electrically conductive materials machined by EDM process, where the thermal energy of spark 

detaches the material through repeated sequences of electrical discharge between the small gap of 

an electrode and a workpiece. It is regularly utilized as die in addition to mould assembly 

industries, aeronautical parts and nuclear instruments at the low cost. Electric Discharge 

Machining has established its presence, touched on the different subject areas such as use of 

sporting things, medicinal and clinical instruments, motorized research and development regions. 

EDM process removes undesirable material in the form of debris and produces the shape of the 

tool surface as a metal portion by the recurring electrical spark between the tool and the workpiece 

in the presence of dielectric liquid. In this machining process, workpiece acts as the anode because 

it relates to the positive terminal, and electrode relates to negative terminal acts as a cathode. The 

dielectric fluid contains kerosene, transformer oil, distilled water, etc.[1] 

The machining method, where the metallic particle is removed as workpiece owed to the controlled 

wearing away the action utilizing repetitively occurring spark ejection with the discharge current 

applied by power supply between the tool and workpiece in a small gap 10 –125 μm [2]. Figure 1 

depicts the schematic of a simple EDM machine. This Figure shows all the mechanical and 

electrical path and controlling system for EDM. A small break reserved among the tool and 

workpiece through a servo control arrangement. Both the electrode and workpiece stay immersed 

in a dielectric liquid (deionized water) that acts as a catalyst for the machining process 

 

Fig. 1. EDM machine schematic. 

In EDM, a potential difference is applied between the tool and workpiece, Both the tool and 

the work material should be made of electrically conductive materials. A dielectric medium 

immersed between the tool and the work material. Generally, deionized water or kerosene is used 

as the dielectric medium. Between the tool and the workpiece, a gap is maintained. An electric 
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field would be established depending upon the applied potential difference and the gap between 

the tool and workpiece, in general, the tool is connected to the negative terminal of power supply 

and the workpiece connected to the positive terminal. The electric field established the free 

electrons on the tool are subject to electrostatic forces between the tool and the job. Electrons 

emitted from the tool (assumed to be connected to the negative terminal), if the work function or 

the bonding energy is lower. Such emission of electrons is known as cold emission. The “cold 

emitted” electrons through the dielectric medium is then accelerated towards the job. Collisions 

between the electrons and dielectric molecules take place when they gain velocity and energy and 

start moving towards the job. Such collision may affect in ionization of the dielectric molecule 

liable upon the work function and energy of the electron. Hence, the electrons get accelerated, 

more positive ions and electrons would be generated by collisions. At the spark gap, this cyclic 

process would rise electrons and ions concentration in the dielectric medium between the tool and 

the job. The matter existing in that channel characterized as “plasma” with high concentration. 

Such a plasma channel, the electrical resistance would be very less. Thus, suddenly, the flow of 

many electrons from the tool to the job and ions from the job to the tool will take place. This is the 

so-called avalanche motion of electrons. Such electrons and ions movement be a spark visually. 

Thus, electrical energy is dissipated as a spark of thermal energy. The high-speed negatively 

charged electrons on the work piece and positive ions on the tool. The kinetic energy of the ions 

and electrons impact on the surface of the job and tool would be converted into heat flux or thermal 

energy. The intense localized heat flux leads to an extreme instantaneous confined rise in 

temperature, which would be over 10,000oC. Such localized extreme rise in temperature cause 

material removal. This is due to instant vaporization of the material as well as melting. The melted 

metal is not entirely removed but only partially. To summarise, the material removal in EDM 

mainly occurs due to the creation of shock waves as plasma channel collapse owing to the 

discontinuation of applied potential difference. Usually, the work piece is positive and the tool 

negative.  Thus, the electrons strike the job leading to crater formation due to high temperature, 

melting and material removal. The positive ions impose on the tool leading to tool wear. In EDM, 

voltage pulses are created by a generator between the job and the tool. A constant voltage is not 

applied. Only sparking is desired in EDM than arcing, and arcing leads to localized material 

elimination at a point whereas sparks get distributed all over the tool surface for uniform 

distributed material removal under the tool. 

 

2. Pulse performance enhancements 

Since the power supply is a significant factor for EDM process, generally pulse generator is used 

for providing DC power supply and for improving the performance and up-gradation of machining 

process pulse generator is playing an important role, higher energy pulses used for high material 

remove and lower energy go with a smooth surface. 

Various researcher working on pulse generator to improve performance with different pulse rate 

and using RC and capacitance circuit, Yan and Liu improve the surface quality of metal with pulse 
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width modulation using a frequency of 4.4. MHz and reduce surface roughness with short duration 

pulse, Yan and Chiang are developed new power supply for electrical discharge machining using 

a transistor-controlled power supply with to provide high frequency and lower energy pulse 

control. 

Casanueva et al. used DC to DC Series-parallel resonant converter with high frequency and 

confirmed that capacitance effect overall impedance.[3] 

By using the RC type generator, Johan et al. confirmed the research on surface roughness by using 

Tungsten carbide by  RC generator and compared with transistor type power supply due to lower 

discharge energy.[4] The summer of research for improving pulse performance on EDM is shown 

below  

 

Table 1: Pulse supply updating summary 

No Reference Type of pulse supply Finding 

1 Jahan et al. [4] RC type Pulse generator Smooth surface finish due to lower discharge 

energy distribution. 

2 Han et al. [5] A modified transistor pulse 

generator 

Used 1 MHz for high MRR, two to three 

times higher machining speed compare with 

the conventional RC pulse generator. 

3 Yan and Liu[6] Fixed pulse Width 

modulation generator 

Generate 4  Mz and short duration pulse 

control signal to lower surface roughness. 

Shallow discharge resulted in Improved 

surface quality 

4 Yan and 

Chiang[7] 

Transistor controlled power 

supply 

Transistor-controlled power supply to 

provide high frequency and lower energy 

pulse control 

5 Muthuramalingam 

and Mohan[8] 

Iso current pulse generator To produce a better surface finish than 

conventional pulse generators like RC and 

transistor pulse generator 

6 Han et al. [9] New transistor type pulse 

generator 

To provide a high erosion rate and 24 times 

higher remover rate than conventional 

machining. 

7 Yan and Lai [10] Excellent finish power 

supply with high frequencies 

To produce lower discharge energy and to 

lower surface roughness 

8 Muthuramalingam 

and Mohan[11] 

The developed 

semiconductor-based pulse 

switching circuit 

To provide less energy discharge pulses at 

finishing level 

9 Casanueva et al. 

[3] 

New EDM impulse generator 

with high frequencies DC- 

DC series parallel res 

High Impedance due to high capacitance 
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3. Impact of pulse shape on performance measures 

In the EDM process, the response characteristics are due to change in the shape of the generated 

pulse, which is the central aspect. The average spark energy on the surface is affected by the 

discharge pulse shape. The machining characteristics like material removal rate, surface quality 

and electrode are affected by electrical energy and pulse shape, which is shown in figure 2.  

 

Figure 2: Machining characteristics of Energy supply in the EDM process 

 

Ghoreishi and Tabari described the performance measures like MRR, surface quality and electrode 

wear rate and average surface roughness affected voltage excitation of pre ignitions of spark 

pulse.[12] It is confirmed from the result that applying voltage excitation of the pulse provided 

effective pulse to increase material erosion and surface quality[12]. Tsai and Lu explained the 

effect of current impulse on machining tungsten carbide and SKD die steel with electrolytic copper 

tool electrode. From the experiment, it was found that material removal rate and tool wear also 

affect the energy density[13]. In the EDM process, the influence of discharge current impulse on 

performance measures was examined by Muthuramalingam and Mohan[8]. The research on the 

influence of electrical pulse condition was carried out by Son et al. and found that span of pulse 

affects the material removal rate, tool wear rate and surface roughness. Even the shorter EDM 

pulse can be efficient to make precision part[14]. The influence of discharge pulse shape on EDM 

as the material removal mechanism of Si3N4-TiN was described by Liu et al. [15]. The various 

forms of discharge pulse-like iso current pulse on the surface texture of Work Piece have been 

converter 
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researched and proved for suitable surface topography with uniform discharge energy.  

4. Electrical parameters that impact on Performance of EDM  

Electrical process parameters are an exciting topic for research in the manufacturing field; many 

researchers experiment to find the influence of electrical paraments especially in EDM process 

and find that   

5.  Handling and monitoring  of EDM process  

In EDM process, required response parameter can be obtained by monitoring and controlling the 

machine process parameters, which can be achieved by observation and measurement process 

parameters from the expected level by lowering performance measures.  

Yan developed the process monitoring recognition and control in the wire electrical discharge 

machining process by an adaptive control system and noticed that the adjustment of pulse interval 

of each pulse cycle controlled for wire breaking in EDM process[16]. The roughness of machined 

surface using wire EDM functions the process parameter by adaptive neuro-fuzzy interference 

developed by  Caydas et al. they found the enhanced surface quality of workpiece from the 

proposed control system algorithm[17].  An adaptive control system with direct and pre-

programmed tool downtime has regulated for better process performance was developed by Han 

to increase the machining rate by automatic adjustment of spark gap[18]. Latest pulse discrete and 

control system was developed by Yan and Chien, and they explained the effects of pulse interval, 

machining feed rate and Work Piece disparity in portions of usual spark Arc and shorts circuit in 

total spark. Finally, confirm the developed control system lowers the are discharged to obtain 

stable machining[19]. To analyze the nonlinearity in the EDM process, proportional derivative 

controller of spark gap between electrode and workpiece designed by Chan and described the 

nonlinearity lowers the effective discharge[20].  According to Behrens and Ginzel neuro, fuzzy-

based gap width controller raised the efficient removal mechanism and proposed the controller 

achieve an excellent surface finish of the work piece.[21] EDM with high-speed data acquisition 

and high-frequency response confirmed the lower air gap between tool and workspace enhanced 

the material removal rate was described by Kao and shih[22] To increase the machine performance 

of server scanning micro EDM process, ultrasonic linear motor as microdrive and piezoelectric 

actuators as micro feeding mechanism was utilized with micro or micro dual-feed spindle was 

reported by Tong et al. [23]  Determination and optimization of the process parameters in an 

automatic method in EDM  die sinking process for artificial neural network application was 

described by Fenggou and Dayong. They concluded the efficient method for enhancing EDM 

performance by determining automatic current value[24]. 

6. Modelling of EDM process parameters  

To aid and analyze the process parameters on machining characteristic in any machining process 

effects through process parameter modelling.  
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6.1  Hypothetical modelling of EDM process  

 

Tool electrode and workpiece are two electrical conductors distinguished by dielectric medium 

where EDM positioning can be standard as a capacitor. A plate capacitor model for EDM process 

was constructed by Liu et al. They describe the relation between energy distribution and process 

parameters by field electron emission theory. The process efficiency was enhanced by machining 

time[25].  

To predict the park erosion rate in the EDM process and a comprehensive mathematical model 

was developed by Das and Joshi. They notice a higher pulse duration due to pulse current and 

plasma radius [26]. 

Thermal based model determined the material removal rate and average surface roughness as 

process parameters was developed by salonitis et al. [27]. 

Even the thermo model for brush electrical discharging alloying process was developed by Spadlo 

et al. concluded that the material removal rate is directly proportional to the discharge pulses[28]. 

 

6.2 Optimization  process of EDM  

 

Many kinds of research worked on optimization of electric process parameters on the EDM 

process. Optimization of material removal rate in the EDM process with copper tungsten tool 

Electrode was described by Marafona and Wykes. It has been proved that a higher current intensity 

causes greater material removal rate[29]. In the EDM process for machining of precise cylindrical 

forms on hard and difficult to machine materials by Taguchi robust design method used to optimize 

the precision and accuracy was reported by Matoorian. The current intensity affects the material 

removal rate higher[30]. Optimization of electrical process parameters using Taguchi DEAR 

methodology was described by Muthuramalingam and Mohan[31]. The fuzzy logic analysis, 

combined with Taguchi methods to optimize the accuracy and precision of the EDM process, was 

investigated by Tzeng and Chen[32]. Overall performance has been noticed as duty cycle and peak 

current. 

The multiple regression method constitutes the relation between the input and output variables was 

described by Kuriakose and Shunmugam, to optimize the EDM process parameters, a multi 

objective optimization method based on non-dominated sorting genetic algorithm was utilized [33] 

7.  Conclusion  

The present study discussed Electrical discharge machining electrical parameters contribution and 

continues evaluation for making EDM as the state-of-the-art machine. Many researchers described 

the impact of process parameters on performance measures, modelling and optimization concerned 

in the electro erosion process. The pulse duration and peak current control the performance 

measures. Low awareness to increase electrical process parameters in terms of pulse modification 

additive controlling and monitoring the process parameter was reported. Also need to rediscover 
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of hybrid electrical discharge machine that includes electrochemical discharge machining(ECDM)  
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