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Abstract 

Electro-Discharge Machining (EDM) is one of the non-conventional machining processes available, in which the material 
removal takes place due to melting and vaporisation of electrode materials. Micro Electro-Discharge Machining (μ-EDM) is a 
variant of EDM, is playing an important role in generation of micro features on difficult to machine conducting materials. In this 
paper, authors carried out an extensive literature study to give a complete description on μ-EDM process, its requirements, 
performance and applications. More than fifty papers were referred and the details were categorized into five major areas, 
namely, experimental setups and its subsystems, experimental studies and optimization methods, generated micro features, 
modeling and simulation approaches and applications. 
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1. Introduction 

    EDM also referred to as spark machining is a manufacturing process whereby a required shape of an object is 
obtained as a mirror image of the tool. The material removal from the workpiece occurs by a series of rapidly 
recurring spark discharges between the two electrodes, which, results in extremely high temperature usually in the 
order of 8,000 0C to 12,000 0C causing vaporisation of the material at the point of discharge. The vapourized 
material is dispersed into the space surrounding the electrodes. Melting and vaporization of the material leads to the 
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formation of tiny craters on the work surface. EDM has proved to be an effective method to machine metals 
irrespective of their hardness and other mechanical properties. But thermal properties such as melting point, boiling 
point, heat conduction efficiency and heat capacitance influences the process only to a very small extent, as the 
temperature generated by the electrical discharges exceeds the boiling point of any material on earth [1]. μ-EDM has 
capability to machine microstructures of varying complexity levels on difficult to cut metals and alloys. According 
to College International pour la Recherche en Productique (CIRP) Scientific Technical Committee Paper, the term 
micro-machining defines the processes that machine dimensions in the range of 1 m to 999 m [2].  μ- EDM has 
gained importance because of its ability to produce stress free micro sized cavities of desires shapes on conducting 
and semi conducting materials. Even though the principles of conventional EDM and μ-EDM are the same, there are 
some differences between the two processes, which arise due to the scaling effect. Table 1 shows the major 
differences between the conventional EDM and μ-EDM.  
 

      Table 1. Major differences between the conventional EDM and μ-EDM. 

Parameters Conventional EDM μ-EDM 

Size of the tool Greater than 999 μm Lesser than 999 μm 

Inter electrode gap 10 to 500 μm  Less than 10 μm 

Open circuit voltage 4 - 400 V 10 - 120 V 

Peak current Greater than 3 A Lesser than 3 A 

Pulse on-time 0.5 to 8 ms 50 ns to 100 μs 

Specific energy  High Low 

 
        μ-EDM process can be divided into four categories based on the type of tool and tool kinematics. They are μ-
wire EDM, μ- die sinking EDM, μ- milling EDM and μ-EDM drilling [3].  In this, paper a complete review of 
ongoing/completed research in the field of μ-EDM and its possibilities are presented.  

1.1. Principle of µ-EDM 
 The working principle of conventional EDM, various components, subsystems, applications etc are detailed in 

text books [4, 5].  In μ-EDM, the two electrodes-workpiece (anode) and tool (cathode) separated by dielectric fluid 
are supplied with pulsed voltage. Figure 1 shows the schematic representation of μ-EDM cell.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Schematic representation of EDM cell.  
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The workpiece and tool are brought closer until the dielectric in the media breaks down and allow current to pass 
through it which appears as sparks. By varying the electrical process parameters such as voltage, frequency, current, 
duty cycle etc., it is possible to control the energy of sparks. Application of pulsed voltage at discharge energies in 
the range of few micro joules that result in continuous material removal in μ-EDM. μ-EDM provides immense 
possibilities to produce tiny features, micro components and even fabrication of Micro Electro Mechanical System 
(MEMS) devices.  

 
2. Review on µ-EDM  process 
 
This section focuses on the reviewed literatures of research areas and the current trends in μ-EDM. Figure 2 shows 
the classification of research papers. 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.1. Experimental setups and its subsystems 

Most of the research work carried so far on μ-EDM is on commercial available μ-EDM machines. There are only 
a very few manufacturers supplying μ-EDM machines. Some of the researchers utilized these commercial available 
machines such as SARIX [6, 7, 8, 9], Panasonic Factory Automation, Pacific Controls and SmalTec. Details of the 
commercial available μ-EDM systems and their capabilities were collected and summarized [10, 11].   

At the same time, a large number of researchers have focused on development of μ-EDM setups that suit their 
requirements to conduct experiments. Higuchi et al. [12] developed a pocket sized EDM with a volume of one 
thousandth than that of the conventional ones having the performance same as a conventional EDM. Lim et al. [13] 
developed a μ-EDM, which is energized by a pulse generator that can be switched to both transistor type and RC-
type. Gang et al.[14] developed a precision μ-EDM which consists of high precision XYZ stages with the resolution 
of 0.1 μm driven by linear motor, a high speed rotary spindle with rotation accuracy within 1 μm, high precision 
granite base, small energy power unit and video microscopic system with high enlargement factor which is used to 
monitor the state of machining online. Fig. 3 shows the developed μ-EDM machine. Chow et al. [15] modified a 
conventional EDM machine by fitting a rotating disk as the electrode to machine micro slits. Leera et al. [16] 
proposed an indigenously developed μ-EDM setup. The schematic diagram of the proposed μ-EDM experimental 
setup is shown in Fig. 4.  

It consists of copper plate as workpiece electrode, copper wire as tool electrode of diameter 300 – 800 μm, 
peizoactuated tool feed mechanism, transistor based pulse generation circuit, deionized water as dielectric fluid, and 

Fig. 2. Classification of research papers. 
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ultasonicator containing the dielectric fluid. μ-EDM subsystems are categorised into workpiece electrodes, tool 
electrodes, dielectric fluids, pulse generation circuits, tool feed mechanism and its circuits.  

 

 

 

 

 

 

 

 

 

 

 

The detailed explanations of these components are elaborated below: 

1. Workpiece materials: A variety of metals and alloys can be machined using μ-EDM setup.  The various 
materials machined using μ-EDM found in literature are copper [16, 17, 18] titanium alloy Ti-6Al-4V [19, 20], SK3 
carbon tool steel [21], SS304 [22, 23], high nickel alloys [24], tungsten carbide [25, 26], ceramics [8, 10]. 

2. Tool materials: Selection of tool in μ-EDM is a critical factor, as the accuracy and shape of the micro feature 
machined largely depends on the tool. Tungsten electrodes [27, 28] and tungsten carbide electrodes [20, 21, 26] are 
the preferred tool materials in μ-EDM. To complement this widely used expensive material, cost effective materials 
namely brass [23], copper[16, 29], graphite and stainless steel are also tried as tool electrodes.  

3. Dielectric fluids: The commonly used dielectric fluids are deionized water [30] and kerosene [28, 21]. Total 
EDM 3 oil [23], hydro carbide dielectric liquids [31] etc are the other dielectric fluids used in μ-EDM process. 
Researchers have added micro molybdenum di-sulphide (μ-MoS2) powder in dielectric fluid and using ultrasonic 
vibration during μ-EDM processes to improve surface finish and MRR [28]. 

4. Pulse generators: The commonly used pulse generators in μ-EDM are RC type, transistor-type and transistor-
type iso-pulse generators. In RC type of generators, the capacitor stores the energy and this energy is discharged 
during the machining process. Whereas in transistor type pulse generators, the capacitor is replaced by a transistor 
which switches the pulses to generate rectangular pulses between 0V and 60 V, supply voltage. RC type generators 
are preferred to transistor type because of high discharge frequency and low discharge energy [17]. In most cases, 
transistor-type generator has been used to supply the discharge energy which is good for conventional EDM [32]. 
Jahan [25] studied, RC-type circuit could be more suitable for fabricating microstructures in tungsten carbide, 
where accuracy and surface finish are of prime importance.  

5. Tool feed mechanisms: For interrupted machining the gap between the tool electrode and the workpiece 
electrode should be maintained constant. The function of tool feed mechanism is to raise or lower the tool by 
sensing the voltage fluctuations in the inter electrode gap, so that a constant inter electrode gap is maintained. Servo 
feed control mechanism is used in most of the setups [32, 33]. Whereas some researchers used different technology 
based micro actuators to impart the tool movements and these have proved to be more efficient compared to the 
conventional servo controlled tool feed mechanisms. Han et al. [32] proposed a new servo control tool feed 
mechanism that senses the average gap voltage and uses it as the feedback signal to control the feed, so that the 
electrode gap is maintained constant.  Mahendran et al. [34] developed a μ-EDM system with directly mounted 
APA 400MML Actuator as the tool feed mechanism. Li et al. [35] have proposed an inchworm type micro feeding 

Fig. 3. Developed μ-EDM setup [12]. 
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Fig. 4. Schematic diagram of the proposed μ-EDM setup.  
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mechanism. Impact drive mechanism [12] and direct drive method [34] based on piezoelectric actuation were also 
proposed and elaborated. Leera et al. [16] developed a μ-EDM system with a piezoactuated tool feed mechanism to 
maintain a constant gap between the electrodes. 

 
2.2 Experimental studies and optimization techniques 
μ-EDM is a thermal process, where in electrical power supplied creates the thermal effect to remove material. 

Therefore, the input electrical power is a matter of significance. The electrical input conditions generally consist of 
several parameters such as current, voltage, frequency, pulse on-time, pulse off-time, duty cycle etc. Most of the 
papers have focused on tuning these process parameters to achieve optimum performance measures like MRR and 
TWR. The process parameters are classified as electric and non-electric parameters to study their effects on 
machining. The electrical parameters are voltage, frequency, pulse on-time, pulse off-time, discharge energy, duty 
cycle etc. The non-electrical parameters are dielectric fluid, flushing pressure, frequency of induced vibrations 
addition of some particles of micro and nano size to enhance the machining rate etc. Two performance measures that 
greatly judges efficiency of μ-EDM process are Material Removal Rate (MRR) and Tool Wear Rate (TWR). 
Surface roughness, dimensional accuracy, taper, overcut (OC) etc are the performance measures of quality of the 
machined feature mainly holes and channels. The parameters are analysed and optimized using various diagnostic 
studies like grey relational analysis, Taguchi method, multi objective optimization, ANOVA, Genetic Algorithm 
(GA) etc. The available literatures on this area are as follows. Tiwary et al. [19] carried out a study on the influence 
of various process parameters on MRR, TWR, OC, and taper angle while machining of Ti–6Al–4V. To perform the 
experimentation, they have utilized Central Composite Design (CCD) to design the experiments and Response 
Surface Methodology (RSM) to map the relationship between the input process parameters with the resulting 
process response. Lin et al. [21] also used RSM based on the CCD for evaluation of the characteristics Electrode 
Wear Rate (EWR), MRR and OC. Natarajan et al. [36] carried out optimization of multiple performance 
characteristics - MRR, TWR and OC, using Taguchi method and Grey relational analysis. The parameters selected 
by them were pulse on-time, discharge current and gap voltage. Meena et al. [20] carried out multi objective 
optimization of μ-EDM machining parameters of Ti-6Al-4V alloy by the grey relational analysis and analysis of 
variance (ANOVA). Mehfuz et al. [37] investigated the influence of process parameters, feed rate, capacitance, and 
voltage. The response variables were average surface roughness (Ra), maximum peak-to-valley roughness height 
(Ry), TWR and MRR. Pandey et al. [22] carried out studies on optimization of the process parameters using RSM 
and GA. Leera et al. [17] studied the interaction effects of process parameters on width, OC and surface roughness 
of micro channels machined on μ-EDM using Taguchi method and RSM. 

2.3 Generated micro features 
The micro features of interest in machining using μ-EDM are micro holes- blind and through holes, micro 

channels, micro grooves, micro slits, three dimensional structures and textured surfaces. These promising features 
that can be machined with a high level of accuracy using μ-EDM have a great demand in industry. This section 
discusses the literature corresponding to machining of such micro features. 

Micro holes are common features of many micro products – catheters, injection needles, nozzles, cooling holes 
on turbine blades, dies etc. μ-EDM is very effective to machine any kind of holes such as small diameter holes down 
to 10 m and blind holes with an aspect ratio of 20. Maity et al. [28] observed that circularity error, recast layer 
formation and longer machining time during micro hole machining was mainly due to the effect of capacitance 
value used. Jahan et al. [26] conducted experimental investigations on μ-EDM for obtaining high-quality micro-
holes in WC with small spark gap, better dimensional accuracy, good surface finish and circularity. Rajurkar et al. 
[38] reported that μ-EDM can be easily used to produce a hole of depth equivalent to five times the bore diameter. 
Yeo et al. [39] investigated feasibility of a magnetic field to obtain higher aspect holes on hardened tool steel using 
μ-EDM process. Natarajan et al. [23] carried out a study on machinability and accuracy of microholes machined 
on grade 304 stainless steel using μ-EDM. Tahsin et al. [31] studied the shape and dimensional geometry of blind 
micro holes machined on plastic mold steel using μ-EDM. Ekmekci et al. [40] experimentally investigated the 
geometry and subsurface damage of blind micro-holes produced by μ-EDM on plastic mold steel to explore the 
relational dependence with respect to pulse energy. Liu et al. [24] investigated the feasibility of machining high 
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nickel alloy using μ-EDM, and they were successful in doing it. Micro channel is one of the most necessary feature 
in many micro devices and systems and have found research interest in a wide range of sectors including 
biomedical, energy, chemical, micro fluidics, micro molding etc. Murali et al. [41] demonstrated the fabrication of 
micro channels of width 25 μm and surface roughness with Ra value 0.4 μm on titanium alloys. Modica et al. [6] 
conducted a study on process optimization during machining of micro channels. Hung et al. [42, 43] used μ-EDM 
method to produce micro channels with aspect ratio 1.2 on metallic bipolar plates. Oscar et al. [44] proposed a new 
system to machine micro channels using an oscillating electrode by designing an electrode holder capable of getting 
required oscillation. Schubert et al. [45] successfully demonstrated μ-EDM milling of non-conductive ZrO2 
ceramics by creating an electrically conducting starting layer. Ali [27] compared micro end milling and micro 
electrical discharge milling for the fabrication of micro channels on metals. Tong et al. [46] machined non-circular 
cross section microstructure using a vibration assisted EDM process. A novel multiprocessing μ-EDM technique 
was used to fabricate complex 3D structures like micro lollipop end mills [47].  

 
2.4 Modeling and simulation approaches 
    The various process parameters affecting the μ-EDM process as mentioned in section 2.2 are voltage, current, 
capacitance, feed rate etc. Researchers have tried various modelling and simulation approaches to study the effect of 
various parameters on MRR, TWR, surface finish etc. The models are broadly classified as analytical models for 
mathematical analysis, numerical models using Finite Element Method (FEM) as tool and empirical models from 
experimental studies to relate the effect of parameters on various responses.  Murali et al. [48] developed a 
mathematical model based on heat transfer principle for the simulation of single spark machining during μ-EDM of 
titanium alloy. Dhanik et al. [49] developed a comprehensive model to predict the material removal in a single 
discharge in μ-EDM using the basics of EDM models. Sarikavak et al. [50] developed a 3 D transient model for 
single discharge to calculate the MRR and radius of the crater formed.  Wang et al. [51] suggested a thermo-
physical model for μ-EDM deposition process. FEM was used for the numerical analysis of single spark deposition. 
Tan et al. [52] conducted a new heat conduction analysis of μ-EDM with FEM. They have also proposed a new 
approach for predicting the effects of multiple discharges on machining performance.  Tan et al. [53] proposed a 
numerical model based on the multiple discharge approach to predict the thicknesses of the recast layer produced 
using the μ-EDM process. Somashekhar et al. [54] developed a numerical model based on Finite Volume Method 
(FVM) to solve the micro-EDM model equations so that the effect of spark ratio on the temperature distribution in 
the material can be predicted. Pradhan et al. [55] developed an Artificial Neural Network (ANN) model using a 
back-propagation neural network algorithm, which was trained with response values obtained from the experimental 
results. Empirical models for optimization based on RSM were developed to predict the response parameters for any 
arbitrarily input parameters. 
 
2.5 Application areas 

μ-EDM finds wide applications in inkjet nozzles of printers, cooling holes in turbine blades, micro channels in 
micro fluidic analysis, micro moulds, honeycomb structures etc. Some of the research works from literature are as 
follows: Allen et al. [56] used μ-EDM process to machine inkjet nozzles. Tong et al. [57] used μ-EDM process to 
drill high quality drilling spray holes on  diesel  injector  nozzles. Oliaei et al. [47] fabricated tungsten carbide and 
Poly Crystalline Diamond (PCD) ball end mills using μ-EDM process. Sahu et al.[58] generated nano particles of 
mean diameter less than 10 nm using μ-EDM finds its application as an efficient coolant in automobile sector. A 
novel experimental approach-Ultrasonic technique for concentration characterization of copper nanofluids is 
elaborated [59]. Liu et al. [60] demonstrated the applications of two and three-dimensional microstructures on 
different types of materials such as a stainless steel micro-compressor and a ceramic miniature gas turbine. 

 
3. Conclusions  

 
μ-EDM is one of the important non-conventional machining methods that can find wide application. In this 

connection, authors reviewed many papers on μ-EDM and concluded that there are large research potentials in this 
area. The outcome of this review makes the reader to think in the direction of various issues as discussed in the 
paper as:  
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Experimental setups and its subsystems 
Experimental studies and optimization techniques  
Generated micro features 
Modeling and simulation approaches 
Application areas 

References 

[1] Masuzawa T. State of the art micromachining. Ann. CIRP Manuf. Technol 2000; 49 (2): 473-488.  
[2] Masuzawa T and Tonshoff  HK. Three-dimensional micromachining by machine tools.  Annuals of the CIRP 1997; 46, 2: 621-628. 
[3] Singh S and Bhardwaj A.  Review to EDM by Using Water and Powder-Mixed Dielectric Fluid. Journal of Minerals & Materials 

Characterization & Engineering 2011; 10: 2-199-230. 
[4] Production Technology, HMT Banglore, Tata Mc Graw Hill, 1980. 
[5] Production Engineering Sciences, PC Pandey and CK Singh, Standard Publishers Distributors, 1989. 
[6] Francesco Modica, Valeria Marrocco, Giacomo Copani and Irene Fassi. Sustainable Micro-Manufacturing of Micro-Components via 

Micro Electrical Discharge Machining, Sustainability 2011; 3: 2456-2469. 
[7] Opoz TT, Ekmekci B and Erden A. An Experimental Study on the Geometry of Microholes in Microelectric Discharge Machining. 

Materials and Manufacturing Processes 2009; 24, 12:1236-1241. 
[8] Schubert A, Zeidler H, Hahn M, Hackert-Oschätzchen M and Schneider J. Micro-EDM milling of electrically nonconducting zirconia         

ceramics, Procedia 2013;  CIRP  6:  297-302. 
[9] Ekmekci B, Sayar A, Opoz TT and Erden A. Geometry and surface damage in micro electrical discharge machining of micro-holes. 

J.Micromech. Microeng. 2009; 19-105030 (16pp). 
[10]  Kun LIU; Micro electrical discharge machining of ceramic materials and composites; Thesis, Chapter 2 pg 60. 
[11]  Moylan SP, Chandrasekar S and Benavides GL. High-Speed MicroElectro-Discharge Machining, Sandia Report, Sandia National 

Laboratories, 2005; SAND2005-5023, Printed September. 
[12] Higuchi T, Furutani K, Yamagata Y and Takeda K. Development of pocketsize electro discharge machine. Annals of the CIRP 

1991;40,1:203-6. 
[13] Lim HS, Wong YS, Rahman M and Lee EMK. A study on the machining of high-aspect ratio micro-structures using micro EDM.  J. 

Mater. Process. Technol. 2003; 140:318-325. 
[14] Gang LI, Wanshengt ZHAO, Fuqiang HU and Zhang Y. Development and application of a prototype micro edm machine. 

International  Technology and Innovation Conference 2006; 14-18. 
[15] Chow HM, Yan BH and Huang FY. Micro slit machining using electro-discharge machining with a modified rotary disk electrode 

(RDE). Journal of Materials Processing Technology 1999; 91:161-166. 
[16] Raju L, Sakthi SV, Somashekhar SH and Singaperumal M. Effect of Process Parameters on Quality of Micro Holes Machined on 

Copper Plate using Developed μ-EDM Setup. Applied Mechanics and Materials 2014; 592-594: 229-233.  
[17]  Leera R and Somashekhar SH. Study of micro channels machined on copper plates using micro-electro discharge machining process. 

Proceedings of the International Conference on Materials, Design and Manufacturing Process ICMDM ’16; 5070, 605-609.  
[18] Leera R and Somashekhar SH. Study of micro channels machined on copper plates using micro-electro discharge machining process. 

Proceedings of the International Conference on Materials, Design and Manufacturing Process ICMDM ’16; 5070, 605-609.  
[19] Tiwary AP, Pradhan BB and Bhattacharyya B. Study on the influence of micro-EDM process parameters during machining of Ti–

6Al–4V superalloy. Int J Adv Manuf Technol 2015; 76:151-160. 
[20] Meena VK and Azad MS. Grey Relational Analysis of Micro-EDM Machining of Ti-6Al-4V Alloy, Materials and Manufacturing 

Processes. 2012; 27: 973-977. 
[21] Lin YC, Tsao CC, Hsu CY, Hung SK and Wen DC. Evaluation of the characteristics of the microelectrical discharge machining 

process using response surface methodology based on the central composite design. Int J Adv Manuf Technol. 2012; 62:1013-1023. 
[22] Pandey AK, Tiwari K and Dubey AK. Optimization of the Process Parameters in Micro-Electric Discharge Machining Using 

Response Surface Methodology and Genetic Algorithm. International Journal of Scientific and Research Publications 2014; 4: Issue 9. 
[23] Natarajan N and Suresh P. Experimental investigations on the microhole machining of 304 stainless steel by micro-EDM process 

using RC-type pulse generator. Int J Adv Manuf Technol. 2015; 77:1741-1750. 
[24] Liu HS, Yan BH, Huang FY and Qiu KH. A study on the characterization of high nickel alloy micro-holes using microEDM and their 

application, Journal of Materials Processing Technology 2005; 169: 418-426. 
[25] Hyun-Seok TAK, Chang-Seung HA, Dong-Hyun KIM, Ho-Jun LEE, Hae-June LEE and Myung-Chang Kang. Comparative study on 

discharge conditions in micro-hole electrical discharge  machining of tungsten carbide (WC-Co) material, Transactions of non-ferrous 
materials Society of China 2009;19 s114-s118. 

[26] Jahan MP, Wong YS and Rahman M. A study on the quality micro-hole machining of tungsten carbide by micro-EDM process using 
transistor and RC-type pulse generator; Journal of materials processing technology 2009; 209:1706-1716. 

[27] Ali MY. Fabrication of microfluidic channel using micro end milling and micro electrical discharge milling. International Journal of 
Mechanical and Materials Engineering (IJMME) 2009; 4 : 1, 93-97. 

[28] Maity KP and Singh RK. An optimisation of micro-EDM operation for fabrication of micro-hole. Int J Adv Manuf Technol 2012;   
61:1221-1229. 

[29] Prihandana GS, Mahardika M., Hamdi M., Wong YS and Mitsui K. Effect of micro-powder suspension and ultrasonic vibration of 
dielectric fluid in micro-processes-Taguchi approach. International Journal of Machine Tools & Manufacture 2009; 49: 1035-1041. 

[30] Pradhan BB and Bhattacharya B. Improvement in microhole machining accuracy by polarity changing technique for microelectrode 
discharge machining on Ti-6Al-4V. Proc. IMechE Part B: J. Engineering Manufacture 2008; 222: 163-173. 



1288   Leera Raju and Somashekhar S. Hiremath  /  Procedia Technology   25  ( 2016 )  1281 – 1288 

[31] Opoz TT , Ekmekci  B and Erden A. An Experimental Study on the Geometry of Microholes in Microelectric Discharge Machining. 
Materials and Manufacturing Processes 2009; 24: 1236-1241. 

[32] Han F, Wachi S and Kunieda M.  Improvement of machining characteristics of micro-EDM using transistor type isopulse generator 
and  servo feed control.  Precis. Eng. 2004; 28: 378-385. 

[33] Han F, Chen L and Yu DW. Basic study on pulse generator for micro-EDM. The International Journal of Advanced Manufacturing 
Technology 2007; 33: 474-479. 

[34] Mahendran S, Fazli Ismail and S. Thinesh Chander. Development of Micro EDM with Directly Mounted APA 400MML Actuator as 
Tool Feed Mechanism. Advanced Materials Research 2011; 314-316: 1811-1817. 

[35] Li Y, Guo M, Zhou Z and Hu M. Micro electro discharge machine with an inchworm type of micro feed mechanism. Precision 
engineering 2002; 26: 7-14. 

[36] Natarajan N and Arunachalam RM. Optimization of micro-EDM with multiple performance characteristics using Taguchi method and 
Grey relational analysis. Journal of Scientific and Industrial Research 2011; 70: 500-505. 

[37] Mehfuz R and Ali MY. Investigation of machining parameters for the multiple-response optimization of micro electrodischarge 
milling. Int J Adv Manuf Technol. 2009; 43:264-275. 

[38] Rajurkar KP and Yu ZY. Micro-EDM can produce micro parts. Manuf Eng 2000; 11:68-75. 
[39] Yeo SH, Murali M and Cheah HT. Magnetic field assisted micro electro-discharge machining. J. Micromech. Microeng.2004; 14, 

1526-1529 
[40] Ekmekci B, Sayar A, Opoz TT and Erden A. Geometry and surface damage in micro electrical discharge machining of micro-holes. 

J.Micromech. Microeng. 2009; 19-105030 (16pp). 
[41] Murali M and Yeo SH. Rapid biocompatible micro device fabrication by micro-electro discharging. Biomedical Devices 2004; 6:1; 

41-45. 
[42] Hung JC, Yang TC and Li KC. Studies on the fabrication of metallic bipolar plates—Using micro electrical discharge machining 

milling. Journal of Power Sources196 2011; 2070-2074. 
[43] Hung JC,  Chang DH and Chuang Y. The  fabrication  of  high-aspect-ratio  micro-flow  channels  on  metallic  bipolar plates  using  

die-  sinking  micro-electrical  discharge  machining. Journal of Power Sources 2012; 198 : 158-163. 
[44] Oscar Chaídes, Horacio Ahuett-Garza and Allen Y Yi. Implementation of a microchannel manufacturing system based on micro-

Electro Discharge Machining. Ingeniería mecánica tecnología y desarrollo 2014, Vol. 4 : 6 , 229-238. 
[45] Schubert A, Zeidler H, Hahn M, Hackert-Oschätzchen M and Schneider J. Micro-EDM milling of electrically nonconducting zirconia 

ceramics. Procedia  CIRP 2013, 6: 297-302. 
[46] Tong H, Li Y and Wang Y. Experimental research on vibration assisted EDM of micro-structures with non-circular cross-section. 

Journal of materials processing technology 2008; 208: 289-298. 
[47] Oliaei SNB, Özdemir C and Karpat Y. Fabrication of Micro Ball End Mills Using Micro Electro Discharge Machining. 7th  

International  Conference  and  Exhibition  on  Design  and Production  of  MACHINES  and  DIES/MOLDS 2013; 20-23. 
[48] Murali MS and Yeo SH. Process simulation and residual stress estimation of micro electric discharge machining using finite element 

method. J Appl Phys 2005; 44(7A):5254–526. 
[49] Dhanik S, Joshi SS, Ramakrishnan N and Apte PR, Evolution of EDM process modeling and development towards the modelling of 

micro EDM process. Int J Manuf Technol Manag 2005; 7:157-180. 
[50] Sarikavak Y and Cogun C. Single discharge thermo-electrical modeling of micromachining mechanism in electric discharge 

machining. Journal of Mechanical Science and Technology 2012; 26 (5): 1591-1597.  
[51] Wang YK, Xie BC, Wang ZL and Peng ZL. Micro EDM deposition in air by single discharge thermo simulation. Transcations Non 

Ferrous Metals Society of China 2011; 21: 450-455. 
[52] Tan PC and Yeo SH. Modelling of overlapping craters in micro-electrical discharge machining. J. Phys. D: Appl. Phys.2008; 41, 

205302 (12pp). 
[53] Tan PC and Yeo SH.  Modeling of Recast Layer in Micro-Electrical Discharge Machining. Journal of Manufacturing Science and 

Engineering 2010, 132: 031001-1. 
[54] Somashekhar KP, Panda S, Mathew J and Ramachandran N. Numerical simulation of micro-EDM model. Int J Adv Manuf Technol 

2015; 76: 83-90.  
[55] Pradhan BB and Bhattacharya B. Modelling of micro-electro discharge machining during machining of titanium alloy Ti–6Al–4V 

using response surface methodology and artificial neural network algorithm. Proceedings of the Institution of Mechanical Engineers, 
Part B: Journal of Engineering Manufacture 2009; 223: 683-693. 

[56] Allen DM and Lecheheb A. Micro  electro-discharge  machining  of  ink  jet  nozzles:  optimum selection  of  material  and  
machining  parameters. Journal of Materials Processing Technology 1996; 58:53- 66. 

[57] Tong  H,  Li  Y,  Zhang  L and Li  B. Mechanism  design  and  process  control  of  micro  EDM  for  drilling  spray  holes of  diesel  
injector  nozzles. Precision Engineering 2013; 37: 213-221. 

[58] Sahu RK, Somashekhar SH, Manivannan PV and Singaperumal M. Generation and Characterization of Copper Nanoparticles Using 
Micro-Electrical Discharge Machining. Materials and Manufacturing Processes 2014; 29: 477-486. 

[59] Sahu RK, Somashekhar SH and Manivannan PV. Ultrasonic technique for concentration characterization of copper nanofluids 
synthesized using -EDM: A novel experimental approach. Powder Technology 2015; 284: 429-436. 

[60] Liu K, Lauwers B and Reynaerts D. Process capabilities of Micro-EDM and its applications. Int J Adv Manuf Technol 2010;  
47:11-19. 

 
 


