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Abstract: The applications of advanced engineering 

materials such as glass, quartz, ceramics, and composites 

are escalating in the field of Micro-electro Mechanical 

system owing to their wide scope of utilization in product 

miniaturization. Electro-Chemical Discharge Machining 

(ECDM) is a proven technology for machining these 

materials with micro-features by combining the machining 

features of Electro-Discharge Machining (EDM) and 
Electro-chemical Machining (ECM) processes 

simultaneously. This machining process has drawn 

significant interests as it enacts a platform for new 

opportunities and applications owing to the potential of 

machining materials in a more efficacious and productive 

way. In this present paper, an overview of the ECDM 

process and influence of the process parameters such as 

Electrolyte parameters, Electrical parameters, Tool 

electrode parameters, etc. have been carried out on the 

response parameters such as Material Removal Rate 

(MRR), Surface Finish and Tool Wear. The experimental 
study has been performed to evaluate the influence of 

process parameters on MRR using one factor at a time 

(OFAT) approach. Results revealed that MRR increases 

with the increase in applied voltage and electrolyte 

concentration due to an increase in the spark intensity. It 

has been concluded that process parameters have a 

significant impact on the efficacy of the machining process 

and selection of its optimum range is very crucial for 

attaining high-quality characteristics especially during 

machining repeatability. Moreover, areas of future research 

in electrochemical discharge machining are highlighted. 

Key words: Micro machining, ECDM, Applied Voltage, 
Spark, Material removal Rate, Thermal Cracks 

 

1. INTRODUCTION 

 
The demand of micro-features on advanced materials 

started with its increased demand in nuclear, medical, 

aviation and other industries which led to the 
miniaturization of the products (Altan et al., 2001; 

Jianhu and Xing, 1991; Xinghua et al., 2002; Tolke et 

al., 2012). Furthermore, materials which are ‘difficult 
to machine’ by conventional method such as non-

conductive materials, brittle and hard materials etc., 

also brings a challenge in the field of micromachining 

as cutting forces are associated with conventional 
machining (Uriarte et al., 2006; Wang et al., 2015; 

Huang, 2003). This leads to the development of the 

more innovative and reliable technique for micro-
machining of these ‘difficult to machine’ materials. 

Glass, quartz, ceramics, composites, etc are some of 

the examples of these materials. Various researchers 
reported that numerous non-conventional machining 

processes are available which can be utilized for 

machining non-conductive materials such as (LBM) 

laser beam machining (Yilbas et al., 2016; Mahamani 
and Chakravarthy, 2017), Ultrasonic machining 

(USM) as explained by (Singh and Singhal, 2017; 

Guzzo et al., 2004) and Electro-discharge machining 
(EDM) as explained by (Zaripov and Ashurov, 2011; 

Wei et al., 2013) etc. Besides, several intrinsic 

problems are there which seems to be attached with 
these machining processes such as poor surface 

finish, high rate of tool wear, high heat-affected zone 

(HAZ) and low removal rate of the work material 

(Mahamani and Chakravarthy, 2017; Singh and 
Singhal, 2017; Zaripov and Ashurov, 2011; Wei et 

al., 2013; Yilbas et al., 2016; Chen et al., 1996). The 

development of the ECDM process is the result of 
confronting these limitations and recognized as the 

most prosperous hybrid machining process, which 

blends the features of ECM and EDM for machining 

non-conductive materials. Material removal in 
ECDM takes place due to thermal erosion primarily 

as explained by (Jahan et al., 2011; Kumar et al., 

2010; Kolhekar and Sundaram, 2018) and chemical 
etching action (Rabbo and Boden, 1979; Spieser and 

Ivanov, 2013; Ghosh, 2016). It is noteworthy to see 

that the combined mechanism of material removal in 
ECDM produces a much higher removal rate of the 

material when compared to individual ECM or EDM 

as demonstrated in (De Silva, 1988; Crichton and 

Mcgeough, 1985; Jain and Chak, 2002). It is also 
known by different names like Electrochemical arc 

machining (Critchon et al., 1985), Electrochemical 

discharge machining (Allesu et al., 1992), 
Electrochemical spark machining (Tandon et 

al.,1990), spark assisted chemical engraving (Fascio 

et al., 2004) and Electro erosion dissolution 
machining (Khairy and Mcgeough, 1990). This 
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process has very crucial applications in the micro-
fabrication of three-dimensional features on glass 

material which is the key component used in micro-

electro-mechanical systems (MEMS). Other modern 

industries such as micro-biological laboratories, 
astronomy, kitchenware, etc. preferred advanced 

materials like glass, ceramics, etc. owing to their 

peculiar properties such as resistance to a chemical 
substance, transparency, compatibility with bio 

tissues and low coefficient of thermal expansion. 

Some of the examples of ECDM machining potential 
are shown in Figure 1 which describes the three-

dimensional micro-fabrication of Pyrex glass 

machined layer-by-layer in micro-milling operation. 

A depth of 50μm was successfully obtained with a 
tool feed rate of 1000μm/min for a single layer. The 

whole process was repeated again and again till the 

final desired depth was not attained as demonstrated 
in Zheng et al. (2007).  

 

 
Fig.1. 3D microstructures of Pyrex glass made by ECDM 

[96] 

 

2. ECDM WORKING PRINCIPLE 

 
The ECDM process consists of an electrolytic cell, 

electrolyte, tool electrode (i.e. cathode), auxiliary 

electrode (i.e. anode) and work material. The tool 
electrode is positioned normal above the work 

material at a small distance (or machining gap). Both 

the electrodes are immersed in an electrolyte 
(generally alkaline electrolytes like NaOH, KOH, 

etc.) and separated by a distance of few centimeters 

(or Inter-electrode gap) as shown in Figure 2. A 

pulsed or continuous direct current (DC) power 
supply is applied between two electrodes i.e. anode 

and cathode to complete the circuit (or to trigger 

electrolysis) which further helps in the formation of 
tiny hydrogen gas bubbles at the cathode and tiny 

oxygen bubbles at the anode respectively. 

The formation of these tiny bubbles (oxygen and 
hydrogen) occurs due to electrochemical reactions 

and ohmic heating of the electrolyte. As the rate of 

formation of hydrogen gas bubbles across the tool 

electrode becomes higher than the rate of formation 
of bubbles floating on the electrolyte, then these tiny 

bubbles start coalescence physically with each other 

within the electrolyte to form a big size bubble which 
further transformed into hydrogen gas film at the 

vicinity of the tool electrode as shown in Figure 3(a) 

(Bhattacharya et al., 1999) where Figure 3(b) 

represents stepwise spark generation mechanism in 
ECDM process. This hydrogen gas film behaves as 

an insulator around the tool (also known as tool 

blanketing) which abruptly terminates the flow of 
electric current and generates immense electric field 

over the dielectric film produced between tool and 

electrolyte. This leads to the generation of electrical 
spark (or discharge) at the interface of the tool 

electrode and electrolyte due to the electric 

breakdown of the dielectric film. Thereafter, 

workpiece is placed just underneath the tool electrode 
tip at a very small gap (in microns) by using a 

controlled fixture. 

 

 
Fig. 2. Principal Diagram of ECDM 
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Fig. 3. a) Gas bubble formation and spark generation process, red and blue color represents Oxygen gas bubble and 

hydrogen gas bubble respectively, b) Step-wise spark generation mechanism in ECDM Process 

This raises the temperature of the workpiece to a very 
high magnitude sufficient for its melting which 

resulted in a material removal due to thermal erosion 

followed by chemical etching action (De Silva et al., 
1995; Jawalkar et al., 2012; Zhiyuan et al., 2018). 

Despite this, the explicit material removal mechanism 

has not been enacted completely. Various theoretical 
and experimental investigations have been done 

verifying that melting of the work piece (due to local 

heating) is the prime reason responsible for material 

removal (De Silva et al., 1995; Zhiyuan et al., 2018; 
Jain et al., 1999; Basak and Ghosh, 1997). Besides, 

several indications are there which reported in favor 

of chemical etching for material removal as well (De 
Silva et al., 1995; Fascio et al., 1999). 

 

2.1 Spark Analysis  
Spark generation mechanism in ECDM was 

demonstrated by explicitly Basak and Ghosh (1996, 

1997) in which they proposed a critical voltage and 

critical current parameters required for machining and 
further announced that spark phenomenon is similar to a 

switching On/Off action of an electric switch. Jain et al. 

(1999) emphasized that each gas bubble acts as a valve 
that produces discharge in the form of an arc, once its 

breakdown occurs due to a high electric field. Wüthrich 

et al. (2005) mentioned that the immense current 

densities produced at the sharp edges of the tool 
resulting in spark initiation, requiring tool electrode 

(cathode) to be made of thin-section as compared to tool 

anode (auxiliary). Kulkarni et al. (2002) performed 
experiments for studying discharge mechanisms while 

machining different workpieces made of copper, 

tantalum, silicon, and brass. They used HCl as 
electrolyte with a concentration of 5wt% and applied a 

voltage of 155 V. They found similarity in the current 

behavior among all the workpiece materials with a 

difference in the magnitude of the peak values as 
monitored by resistive shunt method as shown in Figure 

4. Crichton and Mcgeough (1985) evaluated the detailed 

mechanism of the spark with the application of pulsed 
voltage for the duration of 200μs.  

 

 
Fig. 4. Time varying current densities for: a) Silicon; b) 

Brass; c) Copper; d) Tantalum; Voltage (155V) at 5% wt/v 

HCl [46] 

 

They demonstrated that spark generation across the 

electrolyte and tool electrode tip is a result of gas film 

formation of low ionic concentration around the 
electrode surface. Studies reported in the 

comprehension of the spark mechanism in ECDM 

(Pawar et al., 2018; Wei et al., 2011; Allagui and 
Wuthrich, 2009; Bhondwe et al., 2006; Bozkurt et al., 

1996) are exhibited in Figure 5. 

 

 
Fig. 5. Key parameters and studies reported in spark 

analysis 
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3. LITERATURE REVIEW OF EFFECTIVE 

PROCESS PARAMETERS 

 

Various researchers have put forward their 

explanations based on laboratory experiments 
determining the performance of ECDM and the 

mechanism of material removal. 

The influence of discrete process parameters (such as 
voltage, type of electrolyte and its concentration, tool 

electrode parameters like shape, size, and material, etc.) 

on response parameters such as removal rate of 
material, tool wear rate (TWR), surface finish (SF), 

over-cut, HAZ, etc. This section discusses some of the 

results of critical research in the ECDM process, 
highlighting the influence of the process parameters on 

the processing performance. The gas film is considered 

as the utmost parameter in determining the machining 

characteristics in ECDM. Fascio et al. (2003) examined 
the changes in gas film structure with rising voltage and 

divides the typical current-voltage characteristics of 

ECDM into five regions as shown in Figure 6. R. El-
Haddad and Wüthrich (2010) have presented a 

successful model for predicting current-voltage 

characteristics required for stable gas film formation by 
incorporating gas film dynamics. 

 

 
Fig. 6. Typical I-U characteristics of ECDM with five different regions, where I is mean current, Icrit is critical current 

density, U is applied voltage, Ulim is limiting voltage, Ucrit is critical voltage and Ud is water decomposition [21] 

 
Vogt (1999) explained the phenomenon of the gas film 

based upon wettability and proposed that the change in 

the wettability produces the gas film formation. It was 
concluded that electrode material and concentration of 

the electrolyte at the tool electrode vicinity are the main 

reasons responsible for the change in wettability. 

Wüthrich and Fascio (2005) evaluated that an increase 
in electrolyte temperature and applied DC voltage 

increases the removal rate of the material and the rate of 

tool wear during machining of glass using ECDM.  
Other authors reported similar findings on applied 

voltage effect on MRR (Ladeesh and Manu, 2018; 

Chaubey and Jain, 2018; Unune and Mali, 2018). 
McGeough et al. (1983, 1984) concluded that applied 

voltage and feed rates are the most influential 

parameters in determining MRR as its rate increases at 

higher voltage and feed rate. Similar results were given 
by Harugade et al. (2013) as shown in Figure 7(a).  Cao 

et al. (2009) reported that an increase in applied voltage 

will increase MRR along with the depth of machining 
(up to 55 μm). As the applied voltage increases further, 

they observed thermal damage and micro-cracks at the 

machining surface because of the inconsistent flow of 

discharge energies as shown in Figure 7(b). They also 
used a sensitive load cell to identify a contact across the 

tool electrode and workpiece which further produces a 

potential difference as a tool makes physical contact 

with the workpiece. Load cell proves very effective for 

maintaining a constant gap across the tool electrode and 
workpiece which enhances the flow of electrolyte and 

discharge energies, thereby giving better machining 

characteristics. 

 

 
Fig. 7. a) Effect of voltage on MMR at different electrolyte 

concentration [32], b) Thermal cracks at hole entrance, 35 

V [11] 
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Jawalkar et al. (2012) performed experiments to 
investigate the effect of influential control 

parameters on machining characteristics along with 

their contributions in ECDM machining of glass 

with stainless tool electrode. It was revealed that 
applied voltage shared the highest percentage of 

contribution (85.58%) in the removal of material, 

followed by the concentration of electrolyte (7.7%) 
and then feed rate (6.7%). Tandon et al. (1990) 

evaluated the effect of electrolyte conductivity and 

voltage on MRR and TWR in which they concluded 
that both MRR and TWR increase with the increase 

in electrolyte conductivity and applied voltage. 

Chak and Rao (2007) observed an increment in the 

conductivity of the electrolyte from 275 to 
375mS/cm with an increase in its concentration 

(NaOH and KOH) from 5.5wt% to 15wt%, which 

further results into the enhancement of chemical 
action. Further, West and Jadhav (2007) performed 

micro-machining on borosilicate glass with different 

concentrations of electrolyte and its temperature as 

control parameters. Results showed that they 
successfully fabricated a spherical shaped 

microstructure at lower concentration values of 

electrolyte and its higher temperature. Similar 
findings were given by (Raghuram et al., 1995; 

Sankar et al., 2014; Tam et al., 1989; Malik and 

Manna, 2016; Rajput et al., 2019) on electrolyte 
parameters. 

Yang et al. (2010) used three different tools 

(tungsten carbide, stainless steel, and tungsten), all 

fabricated by utilizing the wire electrical discharge 
grinding (WEDG) process to comprehend the 

wettability properties of different tool electrode 

materials. They reported that the wettability of the 
tool electrode materials affects the formation of gas 

film and its stability necessary for effective 

machining characteristics and its speed. 
Bhattacharyya et al. (1999) performed experiments 

for analyzing the predominant influential parameters 

on machining characteristics and to explore different 

geometrical tool shapes for better accuracy. They 
observed that tool electrode with a front tooltip and 

tapered sidewall is the most adequate tools for 

fabricating circular holes. Similar studies were 
reported on tool geometries. (Han et al., 2009; Yang 

et al., 2011; Jalali et al., 2009; Wüthrich et al., 2006; 

Tsui et al., 2008, Behroozfar and Razfar, 2016; 

Ladeesh and Manu, 2018). Gautam and Jain (1998) 
have concluded that high-speed tool rotation will 

deteriorate machining features while analyzing the 

process capabilities of ECDM using tool kinematics. 
Ziki and Wüthrich (2011) emphasized that the 

stainless steel (SS) tool, when used with pulse 

voltage results in high machining accuracy and less 
tool wear (see Figure 8) because of its higher 

thermal conductivity and thermal expansion. 

 
Fig. 8. Change in tool length (ΔL in μm) as a function 

of machine time (s), Workpiece- Al2O3 plate, Electrolyte- 

30 wt. % NaOH [99] 

 

Harugude et al. (2013) found that there was declination 

in MRR of soda-lime glass from 2.32 to 1.49 in 

mg/min as the distance across the tool electrode and 
workpiece (or IEG) increased from 20 to 40mm when 

machined at 60V with 30 % KOH as an electrolyte.  

Yang et al. (2011) have investigated the effect of tool 
geometry on its wear rate and surface finish while 

using the tungsten carbide tool electrode with two 

different shapes as shown in Figure 9 (spherical end 

shape, diameter 150μm, and cylindrical shape, 
diameter 100μm). The results exhibited a decrease in 

tool wear and machining time with the utilization of a 

spherical shaped tool electrode.  
 

 
Fig. 9. SEM images of different tool shapes [92] 

 

A summarized report on different process parameters is 
highlighted in Figure 10. Moreover, a critical study on 

the influence of different process parameters on MRR 

for different workpieces like Quartz (Laio et al., 2013; 

Nguyen et al., 2015; Hourng et al., 2014; Saranya et al., 
2015; Goud and Sharma, 2017), Ceramics (Doloi et al., 

1996, Singh et al., 1996; Sarkar et al., 2006), 

Composites (Nesarikar et al., 1994; Manna and Narang, 
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2012; Sarda et al., 2016), Glass (Wuthrich et al., 2005; 
Kumar and Dvivedi, 2018; Singh and Dvivedi, 2018, 

2018a; Ho and Wu, 2018; Hajian et al., 2016; Cheng et 

al., 2010; Pankaj et al., 2016 ) at different machining 

conditions in ECDM is shown in Figure 11.  
From the above literature, it is very much clear that 

process parameters significantly influenced the 

removal rate of the material, tool wear rate and other 
response parameters in ECDM. 

 

4. OPTIMIZATION OF PARAMETERS 
 

The selection of an optimum range of parameters is 

highly imperative for the better performance of ECDM. 

The approach adopted by the design of the experiment 
is found to be prevalent for solving optimization 

problems in engineering applications. ANOVA is one of 

the most progressive and popular techniques being used 
in process optimization. Besides, many studies were 

reported in the utilization of other successful 

optimization techniques such as S/N ratio, GRA (Grey 

relational Analysis), genetic algorithm, particle swarm 
optimization (PSO), ABC (artificial bee colony) 

algorithm, etc. (Goud and Sharma, 2017; Doloi et al., 

1999; Singh et al.,1996; Samanta and Chakraborty, 
2011; Karaboga and Akay, 2009; Shanmukhi et al., 

2015; Feng and Hua, 2011; Kumar and Kumar, 2014; 

Adalarasan et al., 2014). So far many mathematical 
models were also built for predicting the optimum 

parameters in the ECDM process. 

 

5. PILOT EXPERIMENTS 
 

The pilot experiments were performed to investigate 

the influence of process parameters on machining 

characteristics during micro-drilling operation. The 
workpiece chosen for the study was soda-lime glass 

having 1mm thickness. The other machining 

parameters were selected based on a literature study 

and given in Table 1. Experiments were designed 
using one factor at a time (OFAT) technique in which 

one variable changes at a one time while keeping 

other parameters fixed during the study. The 
electrolytic cell was made up of non-toxic and non-

reactive polycarbonate material in which the 

workpiece holding device was attached. 
 
   Table 1. Machining conditions used in Pilot study 

Parameter Value 

Applied Voltage 40V-50V 

Electrolyte NaOH 

Electrolyte 

Concentration 

15 %-20%  

(%wt. /v.) 

Electrolyte Temperature 50°C 

Inter Electrode Gap 40 mm 

Tool Immersion depth 1mm (Approx.) 

Tool Material Stainless Steel 

Tool Shape Cylindrical and Pointed 

Tool Size (Ф) 500 μm 

Machining time 3 Minutes 

V=Volt, wt. /v. = Weight/Volume, °C= Degree 

Celsius, mm=Millimeter, Ф=Diameter, μm=Microns. 

 

A continuous DC voltage was applied between the 

electrodes for prompting electrochemical reactions. 
The rate of material removal or MRR was computed 

by measuring the work material mass before and after 

micro-drilling operation divided by the total 

machining time as given in equation (1). 

 

 

 
Fig. 10. Summarized report on effective process parameters in ECDM process 
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Fig. 11. Critical analysis for influence of different process parameters on MRR for different workpieces 

 
t

mm
MRR 21    (1) 

 

where, m1 - Mass of the soda-lime glass before 

machining; m2 - Mass of the soda-lime glass after 
machining. A weighing machine of model CAS was 

used for measuring mass with a least count of 0.0001 

g. The state of the machined hole was analyzed by 
using an inverted microscope for computing thermal 

cracks, HAZ and hole entrance diameter. 

 

5.1 Case I 
The Effect of applied voltage on MRR was 

investigated while keeping other parameters fixed. 

The applied voltage was increased from 40V to 50V 
at three different levels of viz. 40V, 45V, and 50V.  

Result Analysis 

It was seen that the removal rate of the work material 
increases with the increase in voltage due to the rapid 

generation of hydrogen bubbles, thereby resulted in a 

high intensity of spark over the work material. The plot 

of MRR with increasing Voltage is shown in Figure 12. 
 

 
Fig. 12. Effect of voltage on MRR, 15 % wt/v NaOH, 

machining time: 3 min., pointed tool electrode 

An increment of 8% and 17% was found when the 

voltage was increased from 40V to 45V and 40V to 
50V respectively. Besides, a large number of thermal 

cracks and HAZ were also observed with the increase 

in applied voltage from 40V to 50V as shown in 
Figure 13. 

 

5.2 Case II 
Effect of electrolyte concentration on MRR and 

critical voltage was evaluated during micro-drilling 

operation. The concentration was increased from 15% 

to 20% by increasing the weight percentage of NaOH 
in aqueous solution. 

 

 
Fig. 13. Thermal Cracks at a) 40V; b) 50V, 15% wt. NaOH 
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Result Analysis 
A decrease in the magnitude of critical voltage was 

observed from 33V to 28V due to the presence of 

more OH- ions in the solution. The transportation of 

H+ and OH- ions enhanced in the presence of higher 
concentration electrolytes. The removal rate of the 

material also increases from 0.0031mg to 0.0033mg 

with the increase in electrolyte concentration due to 
the increased rate of ions dissolution, when machined 

at 40V for 3 minutes. 

 Few studies also reported that at higher electrolyte 
concentration, etching action increases further which 

results in high MRR. Thus, higher electrolyte 

concentration produces high MRR but the possibility 

of getting thermal cracks at the edges becomes 
prominent also as shown in Figure 14. It is suggested 

to machine work materials at lower applied when 

electrolyte concentration is high to prevent thermal 
damage to the work material. 

 

 
Fig. 14. Thermal cracks at (a) 15%, (b) 20% NaOH 

concentration, Machining Voltage: 40V 

5.3 Case III 

Effect of different tool electrode shape on MRR, 
machining time and hole entrance depth was 

evaluated. Two different tool electrodes were used 

for comparing the machining performance i.e., 

cylindrical tool electrode and pointed tool electrode. 
Machining time was evaluated for a constant 

machining depth of 1mm.  

Result Analysis 
The experimental result revealed that tool shape 

significantly affects the machining performance in 

terms of gas film stability and electrolyte flow. More 
MRR was found in a pointed tool electrode as 

compared to the cylindrical tool electrode as shown 

in Figure 15. An increase in material removal rate 
was explained due to more uniform spark 

consistencies in the pointed tool electrode when 

compared to the cylindrical tool electrode. Also, the 

pointed tool electrode enhances the flow of 
electrolyte at higher machining depth (i.e., 

hydrodynamic regime >300μm). The schematic 

diagram exhibiting the electrolyte flow in two 
different tool electrodes is shown in Figure 16. 

 

 
Fig. 15. Tool Electrode effect on Material Removal 

Rate (MRR), Machining voltage: 45V, 15%wt/v. NaOH, 

Machining time: 3min. 

 

 
Fig. 16. Spark consistencies and Electrolyte flow in 

different tool shape [65] 

 

The plot of machining time versus tool electrode 

shape is given in Figure 17. A decrease in machining 

time for machining 1mm deep micro-hole was found 

due to the enhanced electrolyte flow. A similar result 
(decreased hole entrance diameter) was observed in 

the case of hole entrance of the micro-hole due to 

uniform and channelized spark consistencies in the 
case of pointed tool electrode. On the other hand, 

cylindrical tool electrode produced a ‘fringing effect’ 

or crater formation at the bottom of the micro-hole 
due to the generation of sparks only at the circular 

rim as shown in Figure 18. 

 

 
Fig. 17. Tool electrode shape effect on machining time 

for a constant machining depth (1mm), machining time: 

45V, 15%wt/v. NaOH. 
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Fig. 18. Crater formation or fringing effect due to spark 

consistencies at the circular rim of the cylindrical tool 

electrode 

6. FUTURE RESEARCH POSSIBILITIES 

Since ECDM is an exceptionally promising technique 

for machining electrically non-conductive materials, 

but there are areas that are still unexplored such as 

gas film stability, effective MRR with better surface 
finish, preheating of electrolyte, the mixed 

concentration of different electrolytes, new 

workpiece materials, triplex hybridization, etc. The 
future research possibilities in ECDM and possible 

outcomes are shown in Figure 19. 

 

 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 

 

Fig. 19. Research possibilities in ECDM and their possible outcomes 

 

7. CONCLUSIONS 

 

ECDM is a very complex phenomenon involving 
several methodologies of material removal 

mechanism viz. thermal erosion, chemical etching, 

thermal spalling, etc. and its performance solely 

depends upon the selection of discrete process 
parameters. Based on literature review and pilot 

experiments, it is concluded that by selecting, 

controlling or optimizing the critical process 

parameters, an effective and repeatable machining 

can be achieved with high machining resolutions. 
Some of the important conclusions derived from this 

comprehensive review are as follows:  

ECDM process is proved to be an emerging tool for 

machining non-conducting engineering materials 

(quartz, glass, ceramics etc) with required accuracy 
and precision.  
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Different experimental setup can be easily 

developed using cathode tool (conductive in nature), 
auxiliary anode and workpiece dipped in an aqueous 

solution of electrolyte (NaOH, KOH etc). 

Gas film stability and spark consistencies are the 

key determinant parameters for repeatable machining. 

Applied Voltage and electrolyte concentration are the 
most influential parameters for material removal rate. 

Pulse voltage helps in reducing the HAZ at the sharp 

edges if used within a limited range of ON/OFF ratio. 

Increase in electrolyte conductivity enhances the gas 
film stability at the vicinity of tool electrode which 

further increases material removal rate. 

Tool electrode shape significantly affects the 

machining characteristics in ECDM process. A better 
tool design with optimum shape such as spherical, 

helical, flat sidewall tool, tapered tool etc. can be 

used for reducing the taper phenomena and overcut of 

the micro-hole in ECDM. 

Tool wear can be reduced with optimum tool 
material selection and tool feed mechanism. It can be 

reduced further by using pulse voltage for constant 

machining time under given working conditions. 

Different experiments can be performed to study the 
influence of different tool geometries or tool motions 

on removal rate of material, HAZ and TWR. 
 

8. ACKNOWLEDGEMENTS 

Authors are thankful to Punjab Engineering College 
(Deemed to be University), Chandigarh for 

supporting this research. 

9. REFERENCES 

1. Adalarasan, R., Santhanakumar, M., Sundaram, 

A. S., (2014). Optimization of weld characteristics of 

friction welded AA 6061-AA 6351 joints using grey-

principal component analysis (G-PCA), J. Mech. Sci. 

Technol., 28(1), 301-307. 

2. Allagui, A., Wüthrich, R., (2009). Gas film 

formation time and gas film life time during 

electrochemical discharge phenomenon, Electrochim. 

Acta, 54, 5336–5343. 

3. Allesu, K., Ghosh, A., Muju, M. K., (1992). 

Preliminary qualitative approach of a proposed 

mechanism of material removal in electrical 

machining of glass, Eur. J. Mech. Eng., 36,  202–207. 

4. Altan, T., Lilly, B., Yen, Y. C., (2001). 

Manufacturing of Dies and Molds, CIRP Ann. –   

Manu. Tech., 50, 404–422. 

5. Basak, I., Ghosh, A., (1996). Mechanism of spark 

generation during electrochemical discharge 

machining: a theoretical model and experimental 

verification, J. Mater. Process Tech., 62,  46-53. 

6. Basak, I., Ghosh, A., (1997). Mecahnism of 

material removal in electro chemical machining: a 

theoretical model and experimental verification, J. 

Mater. Process Tech., 71,  350-359. 

7. Behroozfar, A., Razfar, M.R., (2016).  

Experimental study of the tool wear during the 

electrochemical discharge machining (ECDM), 

Mater. Manuf. process, 31, 574–580. 

8. Bhattacharyya, B., Doloi, B.N., Sorkhel, S.K., 

(1999). Experimental investigations into 

electrochemical discharge machining (ECDM) of 

non-conductive ceramic materials, J. Mater. Process. 

Tech., 95,  145-154. 

9. Bhondwe, K.L., Yadava, V., Kathiresan, G., 

(2006). Finite element prediction of material removal 

rate due to electrochemical spark machining, Int. J. 

Mach. Tool. Manuf., 46, 1699–1706. 

10. Bozkurt, B., Gadalla,  A.M., Eubank, T. , (1996). 

Simulation of Erosions in a Single Discharge EDM 

Process, Mater. Manuf. Process, 11(4), 555-563. 

DOI: 10.1080/10426919608947508 

11. Cao, X. D., Kim, B. K., Chu, C. N., (2009). 

Micro-structuring of glass with features less than 

100μm by electrochemical discharge machining, 

Prec. Eng., 33,  459-465. 

12. Chak, S.K., Rao, V., (2007). Trepanning of Al2O3 

by electro-chemical discharge machining (ECDM) 

process using abrasive electrode with pulsed DC 

supply, Int. J. Mach. Tools Manuf., 47(14),  2061–2070. 

13. Chaubey, S.K., Jain, N.K., (2018). Investigations 

on surface quality of WEDM-manufactured meso bevel 

and helical gears, Mater. Manuf.  Process, 33(14), 

1568-1577. DOI: 10.1080/10426914.2017.1415440. 

14. Chen, L., Siores, E., Wong, W., (1996). Kerf 

characteristics in abrasive waterjetcutting of ceramic 

materials, Int. J. Mach. Tools Manuf., 36(11), 1201-

1206. 

15.  Cheng, C., Wu, K.L., Mai, C. C., Yang, C.K., 

Hsu, Y.S., Yan, B. H. , (2010). Study of gas film 

quality in electrochemical discharge machining, Int. 

J. Mach. Tools Manuf., 50(8), 689–697. 

16. Crichton, I. M., Mcgeough, J. A., (1985). Studies 

of the discharge mechanisms in electrochemical arc 

machining, J. Appl. Electrochem., 15,  113-119. 

17. De Silva, A.K., (1988). Process developments in 

electrochemical arc machining, Ph.D. Thesis, 

University of Edinburgh, Scotland, United Kingdom. 

18. De Silva, A.K.M., Khayry, A.B., McGeough, 

J.A., (1995). Process monitoring and control of 

https://doi.org/10.1080/10426919608947508
https://doi.org/10.1080/10426914.2017.1415440


 

115 
 

 

electroerosion-dissolution machining,  IMechE 

Conference Transactions, in: Proceedings of the 11th 

International Conference on Computer-Aided 

Production Engineering,  73–78, London. 

19. Doloi, B., Bhattacharyya, B., Sorkhel, S.K., 

(1999).  Electrochemical discharge machining of 

non-conducting ceramic, Defence Sci. J., 494, 331–

338. DOI: 10.14429/dsj.49.3846  

20. El-Haddad, R., Wüthrich, R., (2010). A 

mechanistic model of the gas film dynamics during 

the electrochemical discharge phenomenon, J. Appl. 

Electrochem., 40,  1853–1858. 

21. Fascio, V., Langen, H., Bleuler, H., Comninellis, Ch., 

(2003). Investigations of the spark- assisted chemical 

engraving, Electrochem. Commun., 5,  203–207. 

22. Fascio, V., Wüthrich, R., Viquerat, D., Langen, 

H., (1999). 3D microstructuring of glass using 

electro chemical discharge machining (ECDM), 

In:International Symposiumon Micro mechatronics 

and HumanScience, (Nagoya),  179–183.  

23. Fascio, V., Wüthrich, R., Bleuler, H., (2004). 

Spark assisted chemical engraving in the light of 

electrochemistry, Electrochim. Acta, 49,  3997–4003. 

24. Feng W., Hua, L., (2011). Multi-objective 

optimization of proc- ess parameters for the helical 

gear precision forging by using Taguchi method, J. 

Mech. Sci. Technol., 25(6),  1519-1527. 

25. Gautam, N., Jain, V.K. , (1998). Experimental 

investigations into ECSD process using various tool 

kinematics, Int. J. Mach. Tools Manuf., 38,  15-27. 

26. Ghosh, A., (2016). Electrochemical Machining 

(ECM). In: Bhushan B. (eds) Encyclopedia of 

Nanotechnology,  DOI: 10.1007/978-94-017-9780-1 

27. Goud, M.M., Sharma,  A.K., (2017). On 

performance studies during micromachining of 

quartz glass using electrochemical discharge 

machining, J. Mech. Sci. Technol., 31,  1365-1372. 

28. Goud, M.M., Sharma, A.K., (2016). A three-

dimensional finite element simulation approach to 

analyze material removal in electrochemical 

discharge machining, Proc. IMechE, Part C: J. of 

Mechanical Engineering Science., DOI: 

0954406216636167. 

29.  Guzzo, L., Shinohara, A.H., Raslan, A.A., (2004).  

A comparative study on ultrasonic machining of hard 

and brittle materials, J. Braz. Soc. Mech. Sci. & Eng., 

26. DOI: 10.1590/S1678-58782004000100010  

30. Hajian, M., Razfar, M. R., Movahed , S. , (2016). 

An experimental study on the effect of magnetic field 

orientations and electrolyte concentrations on  

ECDM milling performance of glass , Prec.Eng., 45,  

322-331. 

31. Han, M.S., Min, B.K., Lee, S.J., (2009). 

Geometric improvement of electrochemical discharge 

micro-drilling uses an ultrasonic-vibrated electrolyte, 

J. Micromech. Microeng., 19.  DOI: 10.1088/0960-

1317/19/6/065004 

32. Harugade, M.L., Kavade, M.V., Harugade, N.V., 

(2013). Effect of electrolyte solution on material 

removal rate in Electro discharge machining,  IOSR 

J. Mechanical and Civil Eng. (IOSR-JMCE),  01-08. 

33.  Ho, C.C., Wu, D.S., (2018). Characteristics of 

the Arcing Plasma Formation Effect in Spark-

Assisted Chemical Engraving of Glass, Based on 

Machine Vision, Materials, 11(4), 470. DOI:  

10.3390/ma11040470 

34. Hourng, L. W., Lin, C. I., Lee, B. G., (2014). The 

Improvement of Machining Accuracy on Quartz and 

Glasses by Electrochemical Discharge Machining, 

Appl. Mech. Mater., 472, 682-687. DOI: 

10.4028/www.scientific.net/AMM.472.682 

35. Huang, H., (2003). Machining characteristics and 

surface integrity of yttria stabilized tetragonal 

zirconia in high speed deep grinding, Mater. Sci. 

Eng. A, 345(1-2), 155–163, DOI: 10.1016/S0921-

5093(02)00466-5 

36. Jahan, M., Lieh, T.W., Wong, Y.S., Rahman, M., 

(2011). An experimental investigation into the micro-

electro discharge machining behavior of p-type 

silicon, Int. J. Adv. Manuf. Technol., 57(5-8),   617-

637. DOI: 10.1007/s00170-011-3302-x. 

37. Jain,  V.K., Dixit, M., Pandey, M. (1999). On the 

analysis of the electrochemical spark machining 

process, Int. J. Mach. Tools Manuf., 39,  165–186. 

38. Jain, V.K., Chak, S.K., (2002). Electrochemical spark 

trepanning of alumina and quartz, Mach. Sci. Technol., 

4(2),  277-290, DOI: 10.1080/10940340008945710 

39. Jalali, M., Maillard, P., Wüthrich, R., (2009). 

Toward a better understanding of glass gravity-feed 

micro-hole drilling with electrochemical discharges, 

J. Micromech. Microeng., 19,  1-7. DOI: 

10.1088/0960-1317/19/4/045001 

40. Jawalkar, C.S., Kumar, P., Sharma, A.K., (2012). 

Parametric Study while Microchanneling on Optical 

Glass Using Microcontroller Driven ECDM Process. 

Adv Mat. Res., 585,  417–421. 

41. Jawalkar, C.S., Sharma, A.K., Kumar, P.,  (2012). 

Micromachining with ECDM: Research Potentials 

https://doi.org/10.14429/dsj.49.3846
https://link.springer.com/article/10.1007/s12206-017-0236-8
https://link.springer.com/article/10.1007/s12206-017-0236-8
https://link.springer.com/article/10.1007/s12206-017-0236-8
https://link.springer.com/article/10.1007/s12206-017-0236-8
http://www.sciencedirect.com/science/journal/01416359
http://www.sciencedirect.com/science/journal/01416359/45/supp/C
https://www.mdpi.com/search?authors=Chao-Ching%20Ho&orcid=0000-0002-7315-6116
https://www.mdpi.com/search?authors=Dung-Sheng%20Wu&orcid=
https://www.mdpi.com/1996-1944/11/4/470
https://www.mdpi.com/1996-1944/11/4/470
https://www.mdpi.com/1996-1944/11/4/470
https://www.mdpi.com/1996-1944/11/4/470
https://doi.org/10.3390/ma11040470
https://doi.org/10.4028/www.scientific.net/AMM.472.682
https://doi.org/10.1016/S0921-5093(02)00466-5
https://doi.org/10.1016/S0921-5093(02)00466-5
https://doi.org/10.1080/10940340008945710


 

116 
 

 

and Experimental Investigations, World Academy of 

Science, Engineering and Technology, 61,  90-95. 

42. Jianhu, Z., Xing, A., (1991). Study on machining 

of ceramics, Proceedings of the 11th International 

Conference on Production Research, pp. 935-938, 

Hefei, China, Sul.  

43. Karaboga, D., Akay, B., (2009). A comparative 

study of artificial bee colony algorithm, Appl. Math. 

Comput., 214,  108–132. 

44. Khairy, A. B. E., Mcgeough, J. A., (1990). Die-

sinking by electro erosion-dissolution machining, 

CIRP Ann. – Manuf. Tech., 39,  191-195. 

45. Kolhekar, K.R., Sundaram,  M. (2018).  Study of 

gas fi lm characterization and its  effect in 

electrochemical discharge machining, Precis. Eng., 53,   

203-211. DOI:10.1016/j.precisioneng.2018.04.002 

46. Kulkarni, A., Sharan, R., Lal , G.K. , (2002). An 

experimental study of discharge mechanism in 

electrochemical discharge machining, Int. J. Mach. 

Tools Manuf., 42,  1121–1127. 

47. Kumar S. V., Kumar, M., (2014). Optimization of 

cryogenic cooled EDM process parameters using 

grey relational analysis, J. Mech. Sci. Technol., 

28(9),  3777-3784. 

48. Kumar, A., Maheshwari, S., Sharma, C., Beri, N. 

(2010). Research Developments in Additives Mixed 

Electrical Discharge Machining (AEDM): A State of 

Art Review, Mater.  Manuf.  Process, 25(10), 1160-

1180. DOI:10.1080/10426914.2010.502954 

49. Kumar, S., Dvivedi,  A., (2018). On effect of tool 

rotation on performance of rotary tool micro-

ultrasonic machining, Mater. Manuf. Process. 

DOI:10.1080/10426914.2018.1512130 

50. Ladeesh, V. G., Manu, R. , (2018). Effect of 

machining parameters on edge-chipping during 

drilling of glass using grinding-aided electrochemical 

discharge machining (G-ECDM), Adv. Manuf., 6(2),  

215–224. DOI: 10.1007/s40436-017-0194-5 

51. Ladeesh, V.G., Manu, R. , (2018). Performance 

study and mathematical modeling of grinding aided 

electro-chemical discharge drilling (G-ECDD) of 

soda-lime-silica glass, Materials Today: Proceedings, 

5,  3618–3628. DOI: 10.1016/j.matpr.2017.11.612 

52. Laio, Y.S., Wu, L.C., Peng, W.Y. , (2013). A 

study to improve drilling quality of electrochemical 

discharge machining (ECDM) process, Procedia 

CIRP, 6,  609 – 614. 

53. Mahamani, A., Chakravarthy, V.V.A., (2017). 

Investigation on laser drilling of AA6061-TiB2/ZrB2 

in situ composites, Mater.  Manuf.  Process, 32(15), 

1700-1706. DOI: 10.1080/10426914.2016.1244836  

54. Malik, A., Manna, A., (2016). An experimental 

investigation on developed WECSM during micro 

slicing of e-glass fibre epoxy composite, Int. J. Adv. 

Manuf. Technol., 85,  2097-2106. 

55. Manna, A., Narang, V., (2012). A study on micro 

machining of e-glass–fibre–epoxy composite by 

ECSM process, Int. J. Adv. Manuf. Technol., 61, 

1191–1197. DOI: 10.1007/s00170-012-4094-3 

56. McGeough, J.A. , Khayry, A.B.M., Munro, W., 

(1984). Studies of the discharge mechanisms in 

electrochemical arc machining, J. Appl. 

Electrochem., 15,  113-119. 

57. McGeough, J.A., Khayry, A.B.M., Munro, W., 

(1983). Theoretical and experimental investigation of 

the relative effects of spark erosion & 

electrochemical dissolution in electrochemical arc 

machining, Ann. CIRP, 32,  113-118. 

58. Nesarikar, V.V., Jain, V.K., Choudhury, S.K., 

(1994). Travelling wire electrochemical spark 

machining of thick sheets of Kevlar-Epoxy 

composites, Proceedings of the 16th All India 

Manufacturing, Technology, pp. 672–677, Design 

and Research (AIMTDR 1994) Conference, Central 

Machine Tool Institute, Bangalore, India.   

59. Nguyen, K. H., Lee, A., Kim, B.H., (2015). 

Experimental investigation of ECDM for fabricating 

micro structures of quartz, Int. J. Precis. Eng. Manuf., 

16, 5–12. DOI: 10.1007/s12541-015-0001-9 

60. Pankaj, G. K., Akshay, D., Pradeep, K. , (2016). 

Effect of Pulse Duration on Quality Characteristics 

of Blind Hole Drilled in Glass by ECDM, Mater. 

Manuf. Process, 31(13), 1740-1748. 

61.   Pawar, Ballav, R., Kumar, A., (2018). FEM 

Analysis of Different Materials Based on Explicit 

Dynamics ANSYS in Electrochemical Discharge 

Machine. In:  Simulations for Design and 

Manufacturing, Lecture Notes on Multidisciplinary 

Industrial Engineering. Springer, Singapore, 231-258.  

62. Rabbo, M.F.A., Boden, J. (1979). Development of 

Electrolytes for the Electrochemical Machining of 

Titanium I. Electrochemistry in static solutions, Br. 

Corros. J., 14(4), 240-245.  

63. Raghuram, V., Pramila, T. Srinivasa, Y.G., 

Narayanasamy, K., (1995). Effect of the circuit 

parameters on the electrolytes in the electrochemical 

discharge phenomenon, J. Mater. Process. Technol., 

52, 301–318. DOI: 10.1016/0924-0136(94)01615-8 

https://doi.org/10.1080/10426914.2018.1512130
https://doi.org/10.1016/j.matpr.2017.11.612
https://doi.org/10.1080/10426914.2016.1244836
https://doi.org/10.1016/0924-0136(94)01615-8


 

117 
 

 

64. Rajput, V., Goud, M., and Suri, N. M. (2019). 

Performance Analysis on the Effect of Different 

Electrolytes during Glass Micro Drilling Operation 

Using ECDM. I-manager’s Journal on Future 

Engineering and Technology, 14(4), 5-

13 https://doi.org/10.26634/jfet.14.4.15788 

65. Rajput, V., Goud, M.M., Suri, N. M., (2019a). 

Experimental investigation to improve the removal 

rate of material in ECDM process by utilizing 

different tool electrode shapes, Int. J. Technical 

Innovation in Modern Engineering & Science 

(IJTIMES ), 5(2),  333–341. 

66. Samanta, S., Chakraborty, S., (2011). Parametric 

optimization of some non-traditional machining 

processes using artificial bee colony algorithm, Eng. 

Appl. Artif. Intell., 24,  946–957. 

67. Sankar, M., Baskaran, R., Rajkumar, K., 

Gnanavelbabu, A., (2014). Abrasive assisted 

electrochemical machining of Aluminium-Boron 

carbide- Graphite hybrid composite, Appl. Mech. 

Mater., 591, 89–93.  

68. Saranya, S., Sankar, A.R. , (2015). Effect of tool 

shape and tool feed rate on the machined profile of a 

quartz substrate using an electrochemical discharge 

machining process, 2nd International Symposium on 

Physics and Technology of Sensors, ISPTS,  pp. 313-

316, India. 

69. Sarda, J. S., Dhanvijay, M. R., Ahuja, B.B., (2016). 

Experimental Investigation of E-Glass Epoxy 

Composites by Tool Vibrations using ECDM Process, 

All India Manufacturing Technology Design and 

Research Conference COE, pp. 1612–1615, Pune, India. 

70. Sarkar, B.R., Doloi B., Bhattacharyya, B.,(2006). 

Parametric analysis on electrochemical discharge 

machining of silicon nitride ceramics, Int. J. Adv. 

Manuf. Technol., 28,  873-881. 

71. Shanmukhi, K., Vundavilli, R., Surekha, B., 

(2015). Modeling of ECDM micro-drilling process 

using GA- and PSO-trained radial basis function 

neural network, Soft Comput., 19(8), 2193. DOI: 

10.1007/s00500-014-1400-z 

72. Singh,  T., Dvivedi, A. , (2018). On pressurized 

feeding approach for effective control on working 

gap in ECDM, Mater. Manuf. Process, 33,  462-473. 

DOI: 10.1080/10426914.2017.1339319 

73. Singh, R., Singhal, S., (2017). Investigation of 

machining characteristics in rotary ultrasonic 

machining of alumina ceramic, Mater.  Manuf.  

Process, 32(3), 309-326. DOI: 

10.1080/10426914.2016.1176190 

74. Singh, T., Dvivedi,  A. (2018). On performance 

evaluation of textured tools during micro-channeling 

with ECDM, J. Manuf. Process, 32,  699-713. DOI: 

10.1016/j.jmapro.2018.03.033 

75. Singh, Y., Jain,   V.K., Kumar, P., Agrawal, D.C., 

(1996). Machining piezoelectric PZT ceramics using 

an electrochemical spark machining ECSM process, 

J. Mater. Process Technol., 581,  24–31, DOI: 

10.1016/0924-0136(95)02102-7 

76. Spieser, A., Ivanov, A., (2013). Recent 

developments and research challenges in 

electrochemical micromachining (μECM), Int. J. 

Adv. Manuf. Technol., 69(1-4), 563-581. DOI: 

10.1007/s00170-013-5024-8 

77. Tam, S.C., Loh, N.H., Miyazawa, S., (1989). ECM-

abrasive polishing of metals, Int. J. Prod. Res., 27(10), 

1757-1768. DOI: 10.1080/00207548908942653  

78. Tandon, S., Jain,   V. K., Rajurkar, K. , (1990). 

Investigations into machining of composites, Precis. 

Eng., 12,  227–238. 

79. Tolke, R. B. H., Evans, A., Rupp, A., Gauckler, J. 

L. M., Ludwig, J., (2012). Processing of Foturan 

glass ceramic substrates for micro-solid oxide fuel 

cells, J. Eur. Ceram. Soc., 32, 3229–3238. DOI: 

10.1016/j.jeurceramsoc.2012.04.006 

80. Tsui, H., Hung, J.C., You, J.C., Yan, B.H., (2008). 

Improvement of electrochemical Microdrilling accuracy 

using helical tool, Mater. Manuf. Process, 23,  499–505, 

DOI: 10.1080/10426910802104237 

81. Unune, D.R., Mali, H.S., (2018). Experimental 

investigation on low-frequency vibration-assisted µ-ED 

milling of Inconel 718, Mater. Manuf. Process, 33(9), 

964-976. DOI: 10.1080/10426914.2017.1388516 

82. Uriarte, L., Herrero, A., Ivanov, A., Oosterling, 

H., Staemmler, L., Tang, T., (2006). Comparison 

between Microfabrication Technologies for Metal 

Tooling, Proc. Inst. Mech. Eng. Part C: Journal of 

Mechanical Engineering Science, 220, 1665–1676. 

83. Vogt, H., (1999). The anode effect as a fluid 

dynamic problem, J. Appl. Electrochem., 292, 137-

145.  

84. Wang, F.C., Zhang, Z.H., Sun, Y. J., Liu, Y., Hu, 

Z.Y., Wang, H., Korznikov, A.V., Korznikova, E., 

Liu, Z.F., Osamu, S., (2015). Rapid and low 

temperature spark plasma sintering synthesis of novel 

carbon nanotube reinforced titanium matrix 

composites, Carbon, 95, 396-407.  

https://doi.org/10.26634/jfet.14.4.15788
http://ieeexplore.ieee.org/abstract/document/7220137/
http://ieeexplore.ieee.org/abstract/document/7220137/
http://ieeexplore.ieee.org/abstract/document/7220137/
http://ieeexplore.ieee.org/abstract/document/7220137/
https://doi.org/10.1080/10426914.2017.1339319
https://doi.org/10.1080/10426914.2016.1176190
https://doi.org/10.1016/j.jmapro.2018.03.033
https://doi.org/10.1016/0924-0136(95)02102-7
https://doi.org/10.1080/00207548908942653
https://doi.org/10.1016/j.jeurceramsoc.2012.04.006
https://doi.org/10.1080/10426910802104237
https://doi.org/10.1080/10426914.2017.1388516


 

118 
 

 

85. Wei, C., Xu, K., Ni, J., Brzezinski, A.J., Hu, D., 

(2011). A finite element based model for 

electrochemical discharge machining in discharge 

regime, Int. J. Adv. Manuf. Technol., 54, 987–995.  

86. Wei, C., Zhao, L., Ni, J., (2013). Electrical 

discharge machining of ceramic matrix composites 

with ceramic fiber reinforcements, Int. J. Adv. 

Manuf. Technol., 64(1-4),   187-194.  

87. West, J., Jadhav, A., (2007). ECDM methods for 

fluidic interfacing through thin glass substrates and 

the formation of spherical microcavities, J. 

Micromech. Microeng.,  17,  403-409.  

88. Wüthrich, R., Fascio, V. , (2005). Machining of 

non-conducting materials using ECDM phenomenon 

- an Overview, Int. J. Mach. Tools Manuf., 45,  1095-

1108. 

89. Wüthrich, R., Comninellis, C.H., Bleuler, H., 

(2005). Bubble evolution on vertical electrodes under 

extreme current densities, Electrochim. Acta, 50,  

242-246.  

90. Wüthrich, R., Spaelter, U., Wu, Y., Bleuler, H., 

(2006). A systematic characterization method for 

gravity-feed micro-hole drilling in glass with spark 

assisted chemical engraving SACE, J. Micromech. 

Microeng., 16(9), DOI: 10.1088/0960-1317/16/9/019. 

91. Xinghua, Li., Takashi, A., Yongxum, L., 

Masayoshi, E., (2002). Fabrication of high-density 

electrical feed-throughs by deep-reactive-ion etching 

of Pyrex glass, J. MEMS, 11(6),   625–630, DOI: 

10.1109/JMEMS.2002.805211. 

92. Yang, C. K., Wu, K.L., Jung, J.C., Lee, S.M.D., 

Lin, J.C., Yan, B.H., (2011). Enhancement of ECDM 

efficiency and accuracy by spherical tool electrode, 

Int. J. Mach. Tools Manuf, 51, 528–535. DOI: 

10.1016/j.ijmachtools.2011.03.001. 

93. Yang, C.K., Cheng, C. , Mai, C.C., Wang, C., 

Hung, J.C., Yan,  B.H. , (2010). Effect of surface 

roughness of tool electrode materials in ECDM  

process, Int. J. Mach. Tools Manuf., 50,  1088-1096. 

94. Yilbas, B.S., Akhtar, S.S., Karatas, C., (2016). Laser 

machining of different diameter holes in     alumina 

ceramic: Thermal stress analysis, Mach. Sci. Tech., 

20(3), 349-367, DOI: 10.1080/10910344.2016.1191024. 

95. Zaripov, A.A., Ashurov, K.B., (2011). Electrical 

discharge machining of nonconductive materials, 

Surf. Engin. Appl. Electrochem., 47(3), 197-200, 

DOI: 10.3103/S1068375511030021. 

96. Zheng, Z. , Cheng, W.H., Huang, F.Y., Yan, B.H., 

(2007). 3D microstructuring of Pyrex glass using the 

electrochemical discharge machining process, J. 

Micromech. Microeng., 17,  960–966. 

97. Zheng, Z., Su, H.C., Huang, F.Y., Yan, B.H., 

(2007). The tool geometrical shape and pulse-off time 

of pulse voltage effects in a Pyrex glass 

electrochemical discharge micro- drilling process, J. 

Micromech. Microeng., 17,   265–272. DOI: 

10.1088/0960-1317/17/2/012 

98. Zhiyuan, W., Yong, L., Minghong, M., Shihui, D., 

Songsong, L. (2018). Fabrication of Glass Micro-

Holes with High Quality by Electrochemical 

Discharge Machining with a Rotary Helix Electrode, 

Recent patents on mechanical Engineering, 11(2),  168 

-173. DOI: 10.2174/2212797611666180309163030 

99.  Ziki, J.D.A., Wüthrich, R., (2011). Tool wear and 

tool thermal expansion during micro-machining by 

spark assisted chemical engraving, Int. J. Adv. 

Manuf. Technol., 61, 481-486 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 

Received: June 11, 2019 / Accepted: December 15, 

2019 / Paper available online: December 20, 2019 © 

International Journal of Modern Manufacturing 
Technologies 

 

https://doi.org/10.1109/JMEMS.2002.805211
https://doi.org/10.1016/j.ijmachtools.2011.03.001
https://doi.org/10.1080/10910344.2016.1191024
https://doi.org/10.2174/2212797611666180309163030

	Corresponding author: Viveksheel Rajput, sheelrajput03@gmail.com

