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ABSTRACT
Miniaturization of parts and components play an important role in the development of today’s and future’s sophisticated
technology in various fields. With the increasing demand for micro parts and structures in many industries like
electronic, medical, aerospace etc. and also with rapid developments in micro-electro-mechanical systems (MEMS),
micro manufacturing techniques for producing these parts become increasingly important. In this respect, Micro-EDM
process has helped a lot to obtain higher accuracy and precision in manufacturing. It‘s a contactless machining process.
Any conductive material with a low machinability can be machined by this process at micro-level with a higher
production rate, dimensional and geometrical accuracy and economy. By virtue of inherent micro-to-nano-meter range
material removal ability, various non-traditional machining processes such as Electrical Discharge Machining (EDM),
Ultrasonic Machining (USM), Electro-Chemical Machining (ECM) and laser machining have come as a handy tool for
micro-machining with EDM being the most prominent among them due to its capability of producing micro-features. The
review begins with the introduction to Micro-EDM and its principle, followed by the variants of Micro-EDM. The
different aspects and research trends and developments in Micro-EDM have been also discussed in this review.
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1. INTRODUCTION
Micro Electrical Discharge Machining (micro-EDM) is a derived form of EDM, which is generally used to
manufacture micro and miniature parts and components by using the conventional electrical discharge
machining principles.

Micro-EDM is a material removal process employing discharges between a work piece and a micro size
electrode that are submerged in dielectric fluid. Discharges occur when the electric field between the electrode
and work piece exceeds a critical value and the dielectric breaks down. Either increasing the electric potential
or reducing the separation distance between the electrode and work piece may cause the field to exceed the
critical value. Charging and discharging the capacitor in a RC circuit governs the potential difference, while
electronics control the separation distance by monitoring feed rate and short circuits. Energy from each
discharge melts a microscopic amount of material, which is subsequently washed away after the voltage drops
and the discharge collapses.

The main differences of micro-EDM from conventional EDM are being in the type of pulse generator, the
resolution of the X-, Y- and Z- axes movement, and the size of the tool used. In micro-EDM; pulse generator
produces very small pulses within pulse duration of a few micro seconds or nano seconds. Because of this
reason, micro-EDM utilizes low discharge energies (~10-9-10-5 joules) to remove small volumes (~0.05-500
µm3) of material [1].



582 Shrikant Vidya, P. Mathiyalagan, Reeta Wattal

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386
Volume 5, Issue 3

March 2018

The most important factor which makes micro-EDM very important in micromachining is its machining
ability on any type of conductive and semi-conductive materials with high surface accuracy irrespective of
material hardness. It is preferred especially for the machining of difficult-to-cut material due to its high
efficiency and precision. Small volumetric material removal of micro-EDM provides substantial opportunities
for manufacturing of micro-dies and micro-structure such as micro holes, micro slot, and micro gears etc.

Fig.1: Schematic diagram of Micro-EDM

Although micro-EDM is a very efficient process in micro hole machining and having many advantages, it has
also some disadvantages. One of them is that it is a rather slow machining process; the other is that while the
work piece electrode is being machined, the tool electrode also wears at a rather significant rate. This tool-
wear leads to shape inaccuracies. Another drawback is the formation of a heat affected layer on the machined
surface. Since it is impossible to remove all the molten part of the work piece, a thin layer of molten material
remains on the work piece surface, which re-solidifies during cooling [2].

Another significant point of micro-EDM is the inverted polarity of the tool electrode. Due to polarity effect in
conventional EDM with long pulse duration, the tool electrode is usually charged as anode to increase
material removal rate and to reduce electrode wear. At short pulse durations as used in micro-EDM, this effect
is reversed. Therefore, in micro-EDM, the tool electrode is usually charged as cathode [3].

Fig.2 [4]: Proposed model of breakdown phase. (a) Emission of pre-breakdown current and heating at micro
peaks. (b) Bubble nucleation at micro-peak. (c) Reaching electron impact criteria at bubble interface. (d)

Bubble elongation towards anode. (e) Bubble abridged the inter-electrode gap and fully developed plasma
channel at the end of the breakdown phase [5].
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2. VARIANTS OF MICRO-EDM
Micro-EDM can be used as variant machining processes:-

Micro-ED drilling, Micro-ED milling, Micro-ED die sinking, Micro-ED contouring, Micro-ED dressing, and
Micro wire electrical discharge grinding (micro-WEDG). All of these processes are integrated in a today’s
sophisticated micro-EDM machines.

(a) Micro-EDM drilling: -In this process, micro-electrodes (of diameters down to 5–10μm) are used to ‘drill’
micro-holes in the work piece.

Application: injection nozzles.

(b) Micro-EDM milling (Trajectory EDM):-Here, micro-electrodes (of diameters down to 5–10 μm) are
employed to produce 3D cavities by adopting a movement strategy similar to that in conventional milling.

Application: micro-injection molds, embossing or coining tools.

(c) Die-sinking micro-EDM:-Here, an electrode with micro-features is employed to produce its mirror image
in the work piece.

Application: Replication molds, embossing tools.

(d) Micro-WEDG: -Wire-Electric Discharge Grinding (WEDG) [6] is a prerequisite machining for drilling
micro-holes and milling micro-cavities with micro-EDM technology.

WEDG is used to prepare smaller size tool down to Ø10 μm by using electrical discharge machining principle
with reverse polarity. Smaller size tool is prepared from larger tools.

This process can be divided into two steps. At first step, the diameter of larger tool is reduced to nearly the
desired smaller diameter by rough machining. At second step, the roughly machined tool diameter is reduced
to the desired diameter by using finish machining parameters.

Fig.3: Variants of Micro-EDM: (a) Micro-EDM Drilling [7] (b) Micro-EDM Milling [8] (c) Die-sinking
micro-EDM [9] (d) Micro-WEDG [9]
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An overview of the capabilities of different types of micro-EDM is provided in Table 1.

Table 1: Overview of the micro-EDM varieties [2]

Micro-EDM
variant

Geometric
complexity

Minimum feature
size (μm)

Maximum
aspect ratio

Surface quality
Ra (mm)

Drilling 2D 5 ~ 25 0.05–0.3

Die-sinking 3D ~ 20 ~ 15 0.05-0.3

Milling 3D ~ 20 ~ 10 0.5-1

WEDM 2.5 D ~ 30 ~ 100 0.1–0.2

WEDG Axis-sym. 3 30 0.8

3. RESEARCH ASPECTS, TRENDS AMD DEVELOPMENTS IN MICRO-EDM
Material Removal Mechanism
Han et al. [10] developed a new transistor-type isopulse generator for micro-EDM. Their experiments showed
that the transistor type isopulse generator is suitable for micro-EDM. Their experimental results revealed that
the transistor-type pulse train generator is unsuitable for micro-EDM due to its low removal rate. The removal
rate of the transistor-type isopulse generator is two or three times higher than that of the traditional RC pulse
generator.

Wong et al. [11] investigated the micro-EDM material removal characteristics using single RC-pulse
discharges. It was reported that the estimated erosion efficiency of material removal at low-energy (<50μJ)
discharges is found to be seven to eight times higher than that at higher-energy discharges. They observed that
the volume and size of the micro craters are more consistent at lower energy discharge than at higher energy
discharges. A single-discharge erosion RC circuit with dc voltage power supply (0-300V) was developed.

Valentincic et al. [12] presented experimental results on observing the material removal rate (MRR) in
dependence of alternating machining parameters and thus various discharge energies. They applied relatively
low discharge energies as used in micro-EDM and relatively high as used in conventional EDM. Copper rods
were used as electrodes. MRR of anode and cathode was measured. According to the results presented, the
following conclusions were drawn:

• Measuring of MRR results in micro-EDM is rather difficult due to really low MRR. To reduce
disturbances in weighting of the electrodes, the experiments have to last for a long time and thus they are time
consuming. Alternative method for MRR measuring should be applied.

• When both anode and cathode materials are copper, anode has higher MRR in the case of low
discharge energy values whereas in the case of conventional EDM higher MRR is noticed on cathode. This
could be due to different phenomena in material removal mechanism, but it is also possible due to the effect of
longer discharge time.

• Thus, additional research should be carried out in order to investigate influences of individual
machining parameters on the material removal in micro-EDM process.

Yang et al. [13] simulated the forming process of discharge craters in three dimensions and was analyzed
material removal mechanism in micro-EDM using Molecular Dynamics (MD). It was found that material
removal mechanism in EDM can be explained in two ways; one by vaporization and the other by the bubble
explosion of superheated metals. It was also found that the metal removal efficiency is 0.02–0.05, leaving
most of the melted pool resolidified. In addition, authors also investigated the influence of power density on
the removal process and reported that as the power density increases, the diameter and depth of the melted
area increase, as does the metal removal efficiency. In this study, the forming mechanism of the bulge around
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discharge craters was also analyzed, and it was found that bulge is formed due to two mechanisms. The first is
the shearing flow of the molten material caused by the extremely high pressure in the superheated material,
and the second is the accumulation of the ejected material on the bulge formed by the first forming
mechanism. It was also concluded that existence of micro pores in the work piece material increases the depth
of the discharge crater and melted area, thereby increasing the machining surface roughness. Simulation of the
distribution of removed materials in the gap showed that some part of the removed material becomes debris
ejected from the gap, while another part settles on the surface of the opposite electrode, and the last part
returns to the surface of the electrode from which it was ejected.

Roy et al. [14] studied the debris and craters formed in micro-EDM by ultra short pulsed low energy electric
discharge and analyzed the debris size, shape, and microstructure phases. Micrographs of debris produced at
low energy (2.8-78 μ J) discharge shown less number of spherical particles dispersed in large number of non-
spherical particles. They reported that the spherical particles are smooth individual balls and the non-spherical
particles are in the form of lumps, consisting of large number of smaller particles having a common matrix.
Few of them are in the form of curled thin strips. It was found that the microstructures of non-spherical
particles resemble to that of sintered particles, and at high energy discharge debris appears to be solidified.
The SEM/EDS analysis showed that material erosion at cathode work piece (hot die steel – ASTM H11) is
more than at anode (tungsten carbide) tool electrode. The precise examinations of debris and sub-surface
damage at crater showed material phase transitions in the molten regions and it was confirmed that material
evaporation due to overheating is not found to be predominant in μ-EDM. Instead significant presence of non-
spherical particles particularly at low voltage, shorter pulse on time discharge confirmed the influence of
thermal spalling effect. It was also concluded that the presence of curved debris with perforated edges might
be attributed to certain degrees of deformation.

Yeo et al. [15] proposed an electro-thermal model to estimate the geometrical dimensions of micro-crater. The
model predicted the temperature distribution on the work piece as a result of single discharges in micro-EDM
using voltage, current and pulse-on-time as input parameter during material removal. It was assumed that the
entire superheated area is ejected from the work piece surface while only a small fraction of the molten area is
expelled. For verification purposes, single discharge experiments using RC pulse generator were performed
with pure tungsten as the electrode and AISI4140 alloy steel as the work piece. It was concluded that electric
energy, spark gap and discharge time have a significant influence on the performance of the micro-EDM
process.

Plasma Characteristics
Natsu et al. [16] measured the apparent temperature distribution in EDM arc plasma using spectroscopic
analysis and compared it with the true temperature in arc plasma, calculated with Abel’s inversion. After
further investigation of influences of machining conditions on the temperature distribution and deionization
time, it was concluded that the highest plasma temperature during discharge exists at the centre of arc plasma
and ranges from 4000K to 8000 K, depending on machining conditions. They reported that higher plasma
temperature is obtained by a thinner electrode, greater gap distance and higher discharge current. The greater
is the discharge current, the greater the plasma diameter will be. It was found that the plasma deionizes faster
when the gap distance is narrow.

Nagahanumaiah et al. [17] presented the spectroscopic measurement of temperature and electron density in
the micro-EDM process. Authors studied the effects of voltage, current, spark gap and electrode size on the
plasma characteristics. It was found that the average plasma temperature and electron density are 6170 K and
respectively, with a coupling parameter of0.475. The low-energy discharge plasma produced in micro-EDM
process is more a non-ideal plasma with a higher electron density and lower temperature than high-energy
discharge plasma produced in conventional EDM. The inter particle distance in the micro-EDM plasma was
found almost equal to the Debye length and hence existence of only one electron in the Debye sphere. It was
reported that there is significant electrostatic interactions between the charged particles. Authors also reported
that the electrode size and spark gap play a major role in determining the plasma characteristics in micro-
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EDM. Smaller electrode size and larger spark gaps produce higher plasma temperature and electron density.
This study may contribute in modelling of temperature evolution at the electrode surface and the mode of
material erosion.

Process Performance and Optimization
Bigot et al. [18] proposed a method for the simple calculation of volumetric wear ratio is proposed based only
on the geometrical information obtained and stated the influence of various factors contributing to micro
electrode wear during the EDM process. EDM drilling and EDM milling were regarded as entities for the
investigation. Their objective was to investigate the suitability of electrode wear compensation methods,
during the micro EDM process. Electrode shape deformation and random variation of the volumetric wear are
stated as the main factors affecting the applicability of wear compensation methods and as an indicator for the
achievable accuracy with the micro EDM process. Finally, the following conclusions have been made:

• Understanding the electrode wear process and influencing factors is the key to more accurate and
more reliable micro EDM process. Any electrode wear compensation methods should take into account the
variation of volumetric wear ratio in order to insure that the required tolerances can be achieved.

• Variations of the wear ratio brought by uncontrolled factors are not negligible.

• The measured wear ratio does not appear to be constant, which does not always allow for the use of
compensation method that relies on such assumption.

• When EDM machining of soft materials like brass and aluminium is to be done, machining strategies
that insure good flushing should be used, for instance in a layer by layer machining. In the situation where
flushing becomes an issue, for example when drilling small holes, steel would be a preferred solution because
it is less affected by the flushing conditions.

• When using any new combination of electrode/Work piece materials and for any new diameter of
electrode, similar tests should be conducted on the machine in order to measure the wear ratio and assess its
repeatability. This should facilitate the choice of compensation method and allow for the production of
accurate micro cavities. Further research will concentrate on testing a bigger variety of materials including
variety of grain structures and investigation on inter grain boundaries.

Pham et al. (2007) [19] investigated the electrode wear during micro-electrical discharge drilling with micro
rod and micro tube electrodes, shown in Figure 4. They reported that wear measurement increasing
dramatically after a certain depth while rod electrode is used. This is mainly expected due to deteriorated
flushing conditions. Good flushing should be enabled to avoid from side sparking on the electrode. However,
tubular electrode is more stabilize in deep depth when comparing to the rod electrode.

Fig. 4: Shape of micro-hole by (a) tubular electrode (b) rod electrode [18]
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Kibria et al. [20] established and analyzed the micro-EDM performance characteristics such as MRR, TWR,
overcut, diametral variance at entry and exit hole and surface integrity during machining of Ti-6Al-4V super
alloy for the study of influence of different pure and boron carbide(B4C) mixed kerosene and deionized water
dielectrics. The experimental results revealed that MRR and TWR are higher using deionized water than
kerosene due to formation of TiO2 layer on work piece surface in case of deionized water which melts at lower
discharge energy compared to TiC formed in case of kerosene. When B4C mixed deionized water is used as
dielectric, MRR is found to be increased whereas TWR decreases when B4C mixed kerosene is used as
dielectric. After analysis with SEM micrographs, the thickness of white layer is found to be less when
deionized water is used as dielectric in comparison with kerosene. Overcut is directly proportional to the value
of discharge energy in case of deionized water and inversely proportional in case of kerosene. So, the
accuracy of the micro hole is higher at lower peak current and pulse-on-time using deionized water and at
higher peak current and pulse-on-time using kerosene. B4C mixed dielectrics show larger overcut as compared
to both pure dielectric. The topography of inner machined surface is smooth in case of pure as well as additive
mixed deionized water as compared to pure and additive mixed kerosene. Pure deionized water results in
excellent machining efficiency than kerosene as well as B4C mixed dielectrics. Also, B4C mixed dielectrics
results in more machining time as compared to pure dielectrics.

Jahan et al. [21] revealed that micro-EDM is an effective method of machining the extremely hard and brittle
material such as Tungsten Carbide (WC). This study investigated the influence of major operating parameters
on the performance of micro-EDM of WC with focus in obtaining quality micro-holes in both transistor and
RC-type generators. Experimental investigations have been conducted with view of obtaining high-quality
micro-holes in WC with small spark gap, better dimensional accuracy, good surface finish and circularity. In
micro-EDM, the fabrication of micro-parts requires minimization of the pulse energy supplied into the gap
which can be fulfilled using the RC-generator. It is observed that the RC-generator can produce better quality
micro-holes in WC, with rim free of burr-like recast layer, good dimensional accuracy and fine circularity.
Moreover, the smaller debris formed due to low discharge energy in RC-type micro-EDM can be easily
flushed away from the machined area resulting in surface free of burr and re-solidified molten metal.

Paul et al. [22] explained the experimental results on dry-micro-EDM machining and oil-micro-EDM
machining of γ-Titanium Aluminide alloy using 200μm steel electrode. They investigated influences of
process variables i.e. open circuit voltage, discharge capacitance, pulse frequency and pulse-on-time and
optimal conditions for minimum overcut on crater dimensions using ANOVA test. Overcut was measured
from optical microscope images using Image Analyzer software. A regression model was developed to
correlate the effect of discharge energy and spark on time on overcut. Based on the results, the following
conclusions were noted:

• Micro-EDM in dry conditions can be effectively used for micro machining of γ-Titanium Aluminide
alloy. The high heat and fire resistance property of this alloy prevents arcing issues during shot circuiting with
low energy discharge. No deformation appeared in the work material.

• For precision machining i.e. smaller overcut dimensions of crater, lower energy is desirable, whereas
MRR is low in these conditions.

• For the purpose of optimization of process variables, ANOVA test was performed that highlights that
circuit capacitance of RC pulse generator contributes significantly in the accuracy of machining i.e. overcut of
craters.

• For given micro-EDM process parameters the crater depth formation by a single discharge in the
absence of dielectric liquid (dry-micro- EDM) is relatively small, compared to machining in presence of
dielectric oil. At the same time electrostatic force induced between the tool and work piece is considerably
small in dry machining.

• It has been observed that at the same set of discharge energy and spark on time the overcut was more
in oil medium and also from experiments and FESEM micrographs it was evident that machining speed was
also higher in oil medium compared to that in air medium. So for precision machining air medium is
preferable at the cost of machining time.
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Rasheed et al. [23] stated that while micro-EDM machining of Ni-Ti Shape Memory Alloy, Tungsten
electrode is recommended for better surface roughness and Brass electrode for better MRR. In this study, the
Taguchi design approach was employed to investigate the micro-EDM parameters to achieve the highest
MRR, good surface quality, and low TWR. Dimensional accuracy of produced micro holes was observed
from the SEM images. Based on the investigations, it was concluded that:

• Capacitance is the most influencing factor on MRR, TWR and Surface Roughness. MRR increases
with increase in capacitance and discharge voltage for both tungsten and brass electrodes, but adversely
affects the surface quality due to increase in crater size on the drilled surface.

• Electrical and thermal properties of electrode as well as work piece material also affect the
performances.

• TWR is less in the tungsten electrode as compared to the brass electrode. So, Tungsten electrode is
recommended for better surface roughness and Brass electrode for better MRR.

Somashekhar et al. [24] have reported on the development of modelling and optimization for micro-EDM
process. Artificial neural network (ANN) is used to analyze the material removal of μ-EDM to establish the
parameter optimization model. A feed forward neural network with back propagation algorithm is trained to
optimize the number of neurons and number of hidden layers to predict a better material removal rate. A
neural network model is developed using MATLAB programming, and the trained neural network is
simulated. When experimental and network model results are compared for the performance considered, it is
observed that the developed model is within the limits of agreeable error. Then, genetic algorithms (GA) have
been employed to determine optimum process parameters for any desired output value of machining
characteristics. This well-trained neural network model is shown to be effective in estimating the MRR and is
improved using optimized machining parameters.

Sundaram et al. [25] presented an investigation on the optimization of machining parameters on the MRR and
TW in ultrasonic assisted micro-EDM by introducing ultrasonic vibration to the work piece. Deep hole
drilling was conducted on A2 tool steel work piece using tungsten electrode. The significance of the
parameters on MRR and TW was determined using ANOVA and the results were confirmed experimentally at
95% confidence level. Based on analysis, it was found that ultrasonic vibration at 60% of the peak power with
capacitance of 3300 PF is significant for the best MRR and the tool wear increases with the increasing
machining time.

Karthikeyan et al. [26] analyzed the physical behavior of micro -EDM-milling process on the basis of channel
shape, form, and surface quality. It was concluded that the tool rotatory motion plays a significant role in
determining the amount of redeposition on the micro channel surface and analyzed the shape of micro
channels for different speed and feed directions through experiments. It was reported that redeposition does
not take place on the surface of tool due to centrifugal force.

Vidya et al. [27] studied the effects of five different cavities: circular, triangular, square, channel, and cross
channel (square pillars) on the machining performance of micro-EDM-milling have been studied by analyzing
dimensional accuracy, surface integrity, profile error, and formation of recast layers. The results highlight
significant shape effect on machining performance in micro-EDM-milling. Circular holes machined by die
sinking are found to be more accurate, and square shaped pillars machined in two settings by generating cross
channels at 90 deg have poor dimensional control. On the other hand, triangular cavities have the highest
surface finish and profile uniformity compared to other shapes. The microscopic study in scanning electron
microscopy (SEM) reveals significant variations in globule formation, recast layer deposition, flow of eroded
molten metal, and final shape of cavities, which are found to be dependent of tool rotation.

4. CONCLUSIONS AND FUTURE SCOPE
In summary, studies over material removal mechanism, plasma characteristics and parametric optimization
describe the basic phenomenon of micro-EDM. These results provide a platform to investigate the physics on
micro scale and for complex 3D microstructures further.
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After going through the recent past research works as well as the problematic areas of different micro-EDM
processes, it is quite evident that the study of in depth characteristics of micro-EDM is still unexplored and
required further research and most of experiments have been performed over circular micro holes.

With rapid developments in electronic, micro-electro-mechanical systems (MEMS), aerospace etc. , micro
manufacturing techniques for producing complex and 3D microstructures become important demanding fine
fabrication tolerances and improved surface integrity.

In this world of high precision micro machining, there exists a need to develop the methodology and
instruments used for measurements and analysis.
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