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Abstract The e-glass fibre epoxy composite is a nonconduc-
tive ceramic material, and it is difficult to machine by any
well-known non-conventional machining methods like elec-
trical discharge machining, wire electrical discharge machin-
ing, etc. This material can be machined with conventional
machining but compromise with accuracy, surface texture,
etc. However, conventional machining methods cannot be ap-
plied to the micro machining range for manufacturing of ultra-
precision parts. Keeping in view, travel wire electrochemical
spark machining (WECSM), a hybrid machining technique
which is a combination of electrochemical machining
(ECM) and wire electric discharge machining (WEDM) is
used to machine e-glass fibre epoxy composite. This paper
presents the results during machining of e-glass fibre epoxy
composite on designed and fabricatedWECSM. The numbers
of experiments have been carried out to investigate the effect
of different parameters of developed WECSM on machining
performance characteristics such as material removal and
spark gap width. Test results revel that the width of micro slice
varied from 220 to 223 μm when slicing operation was per-
formed with 200 μm diameter brass wire. The practical re-
search analysis and test results present in this paper will pro-
vide new guidelines to the manufacturing engineers and up-
coming researchers.

Keywords Hybridmachining .WECSM . e-glass fibre epoxy
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1 Introduction

Advanced glass fibre composites and ceramics have good
strength, light weight, good corrosion as well as creep
resistance and high thermal shock resistance over mono-
lithic metals. Advanced fibre glass-reinforced composites
can be used in place of steel, aluminium alloy and other
monolithic materials. These composites and ceramics
have wide range of applications because of their high
performance properties particularly in the area of corro-
sive such as chemical storage and processing, water and
wastewater storage and processing, aeronautical and de-
fense, building construction, electrical and electrical util-
ity, marine industry, etc. However, advanced e-glass fibre
epoxy composite is an electrically nonconductive materi-
al, which is very difficult to machine by any well-known
nonconventional machining processes. Hence, it is essen-
tial to develop an efficient and accurate machining meth-
od for processing of e-glass fibre epoxy composite mate-
rials. For effective machining of non-conductive e-glass
fibre epoxy composite materials, a wire electrochemical
spark machining (WECSM) setup has been developed.
The developed WECSM setup has been utilized to ma-
chine e-glass fibre epoxy composite. The acquired data
has been analyzed to study the effect of various param-
eters of the developed WECSM setup on the machining
performance characteristics.

In the WECSM process, the material removal takes
place due to the combined effects of electrochemical (EC)
reaction and electrical spark discharge (ESD) action. The
material to be machined is dipped in the electrolyte and
placed very near to the cathode. In this study, a brass wire
electrode is used for experimental investigation. A constant
DC voltage is applied between the travel wire (i.e. cathode)
and the counter electrode known as auxiliary electrode. A
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flat plate 100 mm×80 mm×2 mm thick made of copper
used as a counter electrode. The hydrogen and oxygen gas
bubbles are formed at wire cathode and auxiliary electrode,
respectively, when the experiments are performed with ap-
plied voltage beyond certain range. The current density
rapidly increases with increase in supply voltage. The den-
sity and the mean radius of the bubbles increase and bub-
bles finally coalesce into a gas film around the tool elec-
trode. A brass wire is continuously traveling and function-
ing as an electrode during machining operation.

From the review of literature, it is found that a number of
research publications on electrochemical spark discharge and
traveling wire electrochemical spark machining are available;
however, still a lot of applied research in the above field is
required to explore the successful utilization of the process for
effective machining of nonconductive ceramics and compos-
ites materials. Some of the available published research are
reviewed and explained in brief here. Electrochemical spark
drilling (ECSD) with rotational tool and controlled feed can
improve the process performance [1]. Basak and Ghosh [2]
concluded that a substantial increment in the material removal
rate can be achieved by introducing an additional inductance.
The performance related to machining of electrically noncon-
ducting materials, alumina and borosilicate glass, can be im-
proved by electrochemical spark machining with abrasive cut-
ting tools [3]. Kulkarni et al. [4] conducted an experimental
study on discharge mechanism in electrochemical discharge
machining. In the particular study, authors have attempted to
identify the mechanism through experimental observations of
time-varying current in the circuit. Based on the experimental
study, authors also proposed the basic mechanism of temper-
ature rise and material removal. Mediliyegedara et al. [5] stud-
ied and analyzed the electrochemical discharge machining
(ECDM) process and concluded that ECDM process has ad-
vantageous over ECM or EDM because of higher machining
rate. Manna and Bhattacharyya [6] studied a dual response
approach for parametric optimization of CNC wire cut EDM
during machining of particulate reinforced silicon carbide al-
uminium metal matrix composite (PRAl/SiC-MMC). They
used Taguchi method for experimental design, and the signif-
icant factors were identified for machining performance char-
acteristics during WEDM of PRAl/SiC-MMC. Mohen and
Shan [7] reviewed the electrochemical macro to micro hole
drilling processes and concluded that advanced hole-drilling
process like jet-electrochemical drilling can be accepted in
producing large number of quality holes in difficult to ma-
chined materials.

In electrochemical spark machining (ECSM) process, the
electrolyte concentration has the most significant effect on
material removal rate and overcut on hole radius [8]. The

electrochemical discharge machining (ECDM) with suitable
supply voltage and its polarity can be applied for both
micromachining and micro deposition [9]. The machining
speed and surface roughness cannot be resolved simulta-
neously by using either powder added dielectric method or
ultrasonic vibrated electrode methods [10]. In ECSM process,
the machining voltage range from 85 to 90 V and electrolyte
concentration range from 100 to 110 g/l gives higher material
removal rate [11]. The machining of partially electrically con-
ductive materials on ECSM results in physical contact be-
tween cathode, i.e. travelling wire and workpiece or cathode
and debris [12]. Material removal rate depends on a large
number of parameters like material to be machined, used elec-
trolyte and applied voltage [13]. The electrochemical dis-
charge machining (ECDM) process has a potential in the ma-
chining of silicon nitride ceramics [14]. The material removal
in ECDM process mainly takes place due to spark discharge
action across the gas bubble layers formed on the workpiece
surface [15]. In ECDM, the ion translation rate, the electrolyte
immersing depth and the concentration of the alkali are the
dominant factors of bubble reaction [16]. In micro electro-
discharge machining (MEDM) process, supply of optimized
discharge current is essential because the temperature during
discharge is extremely sensitive to the discharge current due to
the small area of the micro slit [17]. The major limitation of
the ECDM process is a very low penetration depth that can be
overcome by supplying high voltage across the electrodes as
well as a higher temperature of the electrolyte [18]. Tungsten
wire electrode of 5 μm diameter was used for production of
micro parts in the slit of width less than 20 μm by Zhu et al.
[19]; authors claimed that there was no electrode wear. Hybrid
methodology approach is better than single methodology for
modeling and optimization of TW-ECSM [20]. Bhuyan and
Yadava [21] studied on TW-ECSM of borosilicate glass and
found that the kerf width and MRR increased with increased
in supply voltage and pulse-on time both, but these responses
increased up to a certain value then decreased. Jain et al. [22]
studied on TW-ECSM of composite and concluded that the

Table 1 Details of experimental conditions

Machine used Designed and fabricated WECSM setup

Electrolyte used Sodium hydroxide (NaOH)

Concentration of NaOH with
natural water

(i) 50 g/l, (ii) 100 g/l, (iii) 150 g/l, (iv)
200 g/l

Workpiece material Electrically non-conductive e-glass fibre
epoxy composite

Workpiece thickness 2 mm

Tool used Brass wire of diameter 200 μm
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higher machining accuracy can be obtained at lower values of
voltage and electrolyte concentration. They also concluded
that for higher machining efficiency, the distance between
the anode and the cathode and the distance between the tool
and the work need to be optimized.

2 Experimentation planning

A wire electrochemical spark discharge machining
(WECSM) setup has been developed and utilized for ex-
perimental investigation. The different micro slicing tests
were performed on electrically nonconductive high corro-
sive resistant and light weight e-glass fibre epoxy compos-
ite material. Table 1 represents the details of fabricated
WECSM setup, tool (wire electrode), workpiece and elec-
trolyte used for experimentation. Material removal (MR)
is obtained from the difference of weight between work-
piece weight before and after slicing of each operation.
Contech (Instrument) Electronic Balance of resolution
0.1 mg is used to weight the workpieces before and after
each run. Micro slicing width (μm) is measured by using
CCD Camera of DT-110 Hybrid μEDM machine. The res-
olution of CCD camera is 0.1 μm. The width of micro
slice is directly read from the screen of the above machine.
The SEM photographs are taken to analyze the surface
texture of the machined surface. The micro slicing time
is recorded by using a digital stop watch of accuracy

Fig. 1 Gap variation in WECSM process

Fig. 2 a Schematic diagram and b fabricated WECSM setup
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0.1 s. Figure 1 illustrates gap variation in WECSM pro-
cess. The spark gap width is calculated utilizing the rela-
tion

X ¼ Y–Dð Þ=2;

Where D is the electrode wire (μm), X is the spark gap
width (μm) and Y is the width of cut (μm).

3 Designed and fabrication of WECSM setup

Figure 2a, b shows the schematic diagram and fabricated
WECSM setup, respectively. A semiconductor base rectifier
converter cum regulator is used to convert 220 VAC into DC
supply in the range of 10 to 110 V. Positive (+ ve) terminal of
the converter cum regulator is connected to an auxiliary cop-
per plate which, in due course, is functioning as an auxiliary
anode; otherwise, it is known as auxiliary electrode. Negative
(– ve) terminal of the converter cum regulator is connected to
the tool, i.e. wire electrode which in turn is functioning as a
cathode. An electrolytic tank is used to hold the electrolyte
during machining. A scale is fixed with the electrolyte tank
wall. This scale is used to check the gap between auxiliary Cu
plate and traveling wire electrode. An auxiliary copper plate is
hanged on a wooden bar in such a way so that the certain
portion of the auxiliary Cu plate must be immersed in the
electrolyte. There is a provision to move the nonconductive
wooden bar along the sides of the electrolytic tank to vary the
gap between auxiliary anode and traveling wire cathode.
Again, another step down transformer with a regulator is also
used to step down the supply voltage and regulates the same
with variation of 6 to 12 V. This step down supply voltage is
applied to operate a stepper motor, which gives the rotary

motion to the wire take up unit. A DC supply power of 12 V
is utilized for operating another stepper motor, which rolls the
wire around a pulley fixed on the main frame (Fig. 2).

A special gearing with screw arrangement is used which
gives upward and downward movement of the workpiece
holder during cutting. It is operated by a 24-V D.C. motor.
The upward and downward motion is achieved by changing
the input terminals of the motor.

4 Results and discussions

A series of experiments has been carried out with variation of
different parametric setting value, and the results are utilized
for further analysis. Different graphs have been plotted to
analyze the effect of various parameters of developed
WECSM setup on the machining characteristics such as ma-
terial removal and spark gap width. Different scanning

Fig. 3 Variation of material removal (MR, mg) with wire speed

Fig. 4 Variation of material removal with supply current

Fig. 5 Variation of spark gap width with wire speed
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electron micrographs (SEM) show the characteristics of the
generated spark gap width during WECSM operation.

4.1 Effect of parameters on material removal (mg)

Figure 3 shows the variation of material removal (MR,
mg) with wire electrode speed. From Fig. 3, it is clear
that the material removal increases with increase in wire
speed. Wire speed has an important effect on material
removal. It may be due to traveling of fresh wire quickly
across the cutting zone and generates higher number of
spark discharge. Higher number of spark discharge gen-
erates more numbers of craters per unit time, thereby
enhancing material removal rate. Higher material removal
is observed at 0.35 m/min wire speed. This graph is plot-
ted based on the acquired results during slicing of e-glass
fibre epoxy composite for continuous 90 min machining

at constant 40 V supply voltage, 100 g/l electrolyte con-
centration, 110 mm gap between tool and auxiliary anode
and 1.4 A supply current with variation of wire speed
from 0.15 to 0.35 m/min.

Figure 4 shows the variation of material removal (MR,
mg) with supply current. From Fig. 4, it is clear that ma-
terial removal increases with increase in supply current.
Higher material removal is observed at 2.2 A supply cur-
rent. It is due to the increase of charge density with in-
crease in supply current, thereby increasing formation of
caters around the tool and workpiece material. This graph
is plotted based on the results obtained during slicing of e-
glass fibre epoxy composite with continuous 90 min ma-
chining at constant 40 V supply voltage, 100 g/l electro-
lyte concentration, 0.15 m/min wire speed, 110 mm gap

Fig. 7 SEM of a sliced work-piece with 200 μm diameter brass wire

Fig. 8 SEM of a micro sliced section with 200 μm diameter brass wire

Fig. 9 SEM of a micro sliced section with 200 μm diameter brass wire

Fig. 6 Variation of spark gap width with supply current

Int J Adv Manuf Technol (2016) 85:2097–2106 2101



between tool and auxiliary anode with variation of supply
current from 1.4 to 2.2 A.

4.2 Effect of parameters on spark gap width (μm)

Figure 5 shows the variation of spark gap width (Wg, μm)
with wire electrode speed. From Fig. 5, it is clear that the spark
gap width increases with increase in wire speed. Parameter,
wire speed has smaller effect on spark gap width while ma-
chining at low cutting speed. It may be due to fresh wire
coming quickly across the slicing of e-glass fibre epoxy com-
posite, and it discharges stronger spark which helps to break
the gas bubbles and formation of more number of crater per
unit time that is why the material removal increases with in-
crease in wire speed. Higher spark gap width is observed at
0.35 m/min wire speed.

Figure6showsthevariationofsparkgapwidth(Wg,μm)with
supply current. From Fig. 6, it is clear that the spark gap width
increaseswith increase in supply current.Higher spark gapwidth
isobservedat2.2Asupplycurrent. Itmaybedueto the increaseof
supply current which increases density of charge and thereby
increases formation of caters around the wire electrode.

Figure 7 shows a SEM photograph of a micro slice section
of e-glass fibre epoxy composite workpiece sliced by devel-
opedWECSM setup. Figure 7 exposes the actual condition of

the micro cutting surface. This SEM photograph is an exper-
imental result with parameters setting at 70 V DC supply
voltage, 200 g/l electrolyte concentration, 0.15 m/min wire
speed, 1.6 A supply current, 110 mm gap between auxiliary
electrode and wire electrode.

The micro slicing shown in Fig. 7 is the result of continu-
ous 30 min machining with 200 μm diameter brass wire.
Figure 7 reveals poor machined surface; it may be due to high
DC supply voltage and electrolyte concentration. It occurs due
to improper removals of cutting residue are remained with
undissolved fibres in the zone of micro slice part.

Figure 8 shows SEM of a micro sliced section generated at
60 V DC supply, 50 g/l electrolyte concentration, 0.20 m/min
wire speed, 80 mm gap between wire and auxiliary electrode
and 1.8 A supply current. Figure 8 is the result of continuous
30 min machining with 200 μm diameter brass wire electrode.
From Fig. 8, it is clear that the micro slicing proceeds slightly
in the conical manner, width of slicing is 228 μm and after
30 min of continuous cutting micro width is only 210 μm at
the blind part of slicing. It is also clear that the surface of the
micro sliced section has continuous uncut fibres. Overall, slic-
ing surface finish is very poor at micron level. It may be due to
the not circulation of electrolyte. It may overcome by proper
flashing of electrolyte during slicing.

Figure9showsaSEMphotographofamicroslicesectionofe-
glass fiber epoxy composite workpiece sliced by developed
WECSM setup. This SEM graph shows the actual condition of
themicro cutting surface. Themicro slicing shown inFig. 9 is the
result of continuous 60 min machining with 200 μm diameter
brass wire electrode at 0.25m/minwire speed, 50VD.C supply,
150 g/l electrolyte concentration, 110 mm gap between tool and
anodeand1.8Asupplycurrent.FromSEMgraphFig.9, it isclear
thatmicro slicing proceeds in uniform pattern. The surface of the
micro slicing is showing continuous undissolved fibres adhered
withmatrix.Overall, slicing surface finish is poor atmicron level.
Slicing width at the entry is 253 μm, but after that, the micro
slicing width maintained as 222 μm (Fig. 9). Some uncut and

Table 3 ANOVA for MR
S/No Control parameters Sum of

squares
Degree of
freedom

Variance F-test % age of
contribution

1 A: DC supply voltage 0.07483 3 0.02494 376.49* 29.94

2 B: Electrolyte concentration 0.16324 3 0.05441 821.32** 65.33

3 C: Wire speed 0.00390 3 0.0013 19.6 1.56

4 D: Gap between wire and
auxiliary electrode

0.00512 3 0.00171 25.77 2.05

5 E: Supply current 0.00065 3 0.00022 3.25 0.26

6 Error 0.00212 32 0.00007 – 0.85

7 Total 0.24985 47 – – 100

Table 2 WECSM setup parameters and their levels

Parameters, their symbols and units Parametric levels

1 2 3 4

A: DC supply voltage (,Volt) 40 50 60 70

B: Electrolyte concentration (g/l) 50 100 150 200

C: Wire speed ( m/min) 0.15 0.2 0.25 0.3

D: Gap between wire and auxiliary
electrode ( mm)

50 80 110 140

E: Supply current (A) 1.4 1.6 1.8 2.0
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undissolved fibres adhere with matrix are also observed during
cutting ineither sidesof the sliced surface. Itmaybedue to thenot
flow of electrolyte. Hence, proper flashing during micro slicing
can enhance the quality of slicing that may be required to be
investigated.

5 Optimization of WECSM parameters

Taguchi method based L16 (45) orthogonal array, analy-
sis of variance (ANOVA), ‘F-test’ and S/N ratio are
employed for experimental investigation and analysis
of acquired data. Table 2 represents the developed
WECSM parameters considered for detail experimental
investigation and optimization of process parameters.

Table 3 represents the ANOVA and F-test value with per-
centage of contribution, i.e. effectiveness of the individual
machining parameter on material removal (MR, mg). This
ANOVA table is constructed based on experimentally ac-
quired data during micro cutting of electrically nonconductive
e-glass fiber epoxy composite on developed WECSM setup.
From ANOVATable 3, it is clear that the electrolyte concen-
tration (X2, g/l) and DC supply voltage (X1, volt) have most
significant parameters on material removal with 65.33 and
29.94 % contributions, respectively. From Table 3, it is also
clear that the F-test value corresponding to the parameter, D
(gap between wire and auxiliary electrode) and parameter, C
(wire speed) is higher than the standard tabulated value;
hence, these parameters cannot be ignored while assessing
the significance of process parameter for material removal.
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The utilized acquired data S/N ratio (dB) has been
calculated. Figure 10 shows the S/N ratio (dB) graph
for MR (material removal). From Fig. 10, it is conclud-
ed that the optimal parametric combination for higher
MR is A4B4C4D1E3.

Figure 11 shows the effect of DC supply voltage
(Volt) and electrolyte concentration (g/l) on MR. From
Fig. 11, it is clear that the MR increases with increase
in electrolyte concentration. It is also clear that the MR
increases with increase in DC supply voltage. It reveals
that the MR is higher at higher setting value of electro-
lyte concentration (e.g. 200 g/l) and DC supply voltage
(e.g. 70 V). It is because high voltage supply creates
higher potential difference between wire and auxiliary

electrode, which may discharge more electrons per unit
area of wire electrode. At the same time, dissolution
rate of ions from the anode increases with high electro-
lyte concentration. It may be due to strong dissolution
effect at higher current density.

Figure 12 shows the combined effect of DC supply
voltage and wire speed on MR. From Fig. 12, it is clear
that the material removal increases with increase in DC
supply voltage and wire speed. It is also clear that the
MR marginally increases with increase in wire speed. It
is because higher voltage supply creates higher potential
difference between wire electrode and auxiliary elec-
trode that enhances discharge of more electrons per unit
area. At the same time, high wire speed also increases
the formation of crater and large size bubbles; in due
course, the bubbles are collapsed and increased electro-
lyte conductivity, thereby increasing material removal.

Figure 13 shows a SEMphotograph of a micro slice section
of e-glass fiber epoxy composite workpiece sliced by devel-
oped WECSM setup. The SEM graph shows the actual con-
dition of the micro cutting surface. The micro sliced Fig. 13 is
the result of continuous 50 min machining with 200 μm di-
ameter brass wire at 0.25 m/min cutting speed, 50 V D.C
supply voltage, 200 g/l electrolyte concentration, 1.4 A supply
current and 80 mm gap between wire and auxiliary electrode.
From SEM photograph Fig. 13, it is clear that micro slicing
proceeds perfectly straight in nature. This SEM photograph
also reveals that the surface of the micro slicing is far better
than surface produced shown in Figs. 7, 8 and 9. Slicing width
at the entry is 240 μm, but after that, the micro width is uni-
form throughout the cutting, i.e. 220 μm. Some irregularities
are also observed at the beginning of cutting in either sides ofFig. 13 SEM of a micro sliced section with 200 μm diameter brass wire
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the sliced surface. However, the overall surface finish is good;
it may be due to higher concentration of electrolyte, which
increases the dissolution strength, thereby uniform dissolution
of fibres. During micro slicing, it is also observed that some
gas bubbles and foam are generated, which later on make a
barrier to flow of electrons and decrease the chemically

dissolution strength of the electrolyte and hence reduces ma-
terial removal rate.

6 Mathematical model for material removal (MR,
mg)

A mathematical model has been developed considering the
following WECSM parameters such as D.C. supply voltage
(X1, volt), electrolyte concentration (X2, g/l), wire speed (X3,
m/min), gap between wire and auxiliary electrode (X4, mm)
and supply current (X5, A) for material removal (MR, mg).
This developed mathematical model can be utilized for effec-
tive micro cutting of e-glass fiber epoxy composite on
WECSM. The additivity test results show that the predicted
values utilizing developed mathematical models make a good
agreement with the experimental results.

YMRR ¼ −0:00027þ 0:02046 X1 þ 0:00421 X2 þ 0:00012 X3 þ 0:004115 X4 þ 0:000012 X5–
0:000116 X1X2– 0:094146 X1X3– 0:000158 X1X4– 0:022536 X1X5 þ 0:029706 X2X3−
0:000046 X2X4 þ 0:00175 X2X5 þ 0:0000101 X3X4 þ 0:000011 X3X5 þ 0:009647 X4X5þ
0:000 756 X1

2 − 0:0000 138 X2
2 þ 0:000010 4 X3

2 − 0:0000 45 X4
2 – 0:0 7638 X5

2

ð1Þ

R2 ¼ 0:99

Where

X1 DC supply voltage (volts)
X2 Electrolyte concentration (g/l)
X3 Wire speed (m/min)
X4 Gap between wire and auxiliary electrode (mm)
X5 Supply current (A)

6.1 Additivity test

Table 4 represents the parameters and their levels considered
for conducting the additivity test to validate the developed
mathematical model.

Table 5 represents the comparison of the experimentally
obtained results and calculated values utilizing developed
mathematical model (Eq. 1) for MR during micro slicing of

electrically nonconductive e-glass fiber epoxy composite on
developed WECSM. From Table 5, it is clear that the error is
always less than 4.1 %; hence, the developed model is appro-
priate and makes a good agreement with the experimentally
acquired data.

7 Conclusions

Based on the experimental results during slicing of electrically
non-conductive e-glass fibre epoxy composite on developed
wire electro chemical spark machining (WECSM) setup, the
following conclusions are drawn:

(i) The developedWECSM setup can be effectively used for
machining of non conductive e-glass fibre epoxy
composite.

(ii) The parameters, electrolyte concentration and DC
Supply voltage have been identified as most significant
and significant parameters on material removal with
65.33 and 29.94 % contributions, respectively.

(iii) The optimal parametric combination for higher MR is
A4B4C4D1E3.

(iv) At the beginning of micro cutting, the width of the micro
slice is slightly higher than the width of continuous cut-
ting. The surface of the micro slicing is irregular and
poor if experiments are performed without plan.

Table 5 Additive test for MR

Exp. no. Material removal (MR, mg) % of Error

Experimental Developed Eq. 1

1 1.742 1.784 2.35

2 4.163 4.337 4.02

3 1.103 1.138 3.04

Table 4 Parametric conditions utilized for confirmation test

Exp.
no.

Developed TW-ECSM parameters

X1 : DC
supply
voltage
(Volt)

X2 :
Electrolyte
concentration
(g/l)

X3 :
Wire
speed
(m/min)

X4: Gap between
wire and
auxiliary
electrode (mm)

X5:
Supply
current
(A)

1 65 75 0.225 100 1.5

2 55 125 0.175 70 2.2

3 75 175 0.275 130 1.9
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(v) Undissolved fibres along the cutting surfaces are ob-
served that may be due to the adhering of small particles
scattered from the workpiece surface during cutting. It is
due to not flow of electrolyte during machining. The
uncut fibres are also noticed along the surface of micro
cutting. However, from the experimental results, it is
clear that the very fine micro slicing is possible. The
generation of high surface texture also can be possible
by optimization of machining parameters.

Acknowledgments The authors fully acknowledge that this paper is a
revised and extended version of the paper entitled “An Experimental
Investigation on designed and fabricated WECSM Setup during Micro
Slicing of e-glass Fibre Epoxy Composite” presented at 5th International
& 26th All India Manufacturing Technology, Design and Research
Conference (AIMTDR-2014) organized by the Department of
Mechanical Engineering, IIT Guwahati, Assam, India, during 12th–14th
December, 2014.

References

1. Gautam N, Jain VK (1998) Experimental investigations into ECSD
process using various tool kinematics. Int J Mach Tool Manuf 38:
15–27

2. Basak I, Ghosh A (1996) Mechanism of spark generation during
electrochemical discharge machining: a theoretical model and ex-
perimental verification. J Mater Process Technol 62:46–53

3. Jain VK, Choudhury SK, Ramesh KM (2002) On the machining of
alumina and glass. Int J Mach Tool Manuf 42:1269–1276

4. Kulkarni A, Sharan R, Lal GK (2002) An experimental study of
discharge mechanism in electrochemical discharge machining. Int J
Mach Tool Manuf 42:1121–1127

5. Mediliyegedara TKKR, De Silva AKM, Harrison DK, McGeough
JA (2004) An intelligent pulse classification system for electro-
chemical discharge machining (ECDM)-a preliminary study. J
Mater Process Technol 149:499–503

6. Manna A, Bhattacharyya B (2006) Taguchi and Gauss elimination
method: a dual response approach for parametric optimization of
CNC wire cut EDM of PRAl/SiC-MMC. Int J Adv Manuf Technol
28:67–75

7. Mohen S, Shan HS (2005) A review of electrochemical micro- to
micro-hole drilling processes. Int J Mach Tool Manuf 45:137–152

8. MannaA, NarangV (2012) A study onmicromachining of e-glass-
fibre-epoxy composite by ECSM process. Int J AdvManuf Technol
61:1191–1197

9. Kulkarni Aujali V (2007) Electrochemical discharge machining
process. Def Sci J 57(5):765–770

10. Yan BH, Wu KL, Huang FY, Hsu CC (2007) A study on the
mirror surface machining by using a micro-energy EDM and
the electrophoretic deposition polishing. Int J Adv Manuf
Technol 34:96–103

11. Alakesh M, Kanwaljit K (2009) Micro machining of electrically
non-conductive Al2O3 ceramic. J Mach Forming Technol 1(1–2):
101–112

12. Singh YP, Jain VK, Kumar P, Agrawal DC (1996) Machining pie-
zoelectric (PZT) ceramics using an electrochemical spark machin-
ing (ECSM) process. J Mater Process Technol 58:24–31

13. Wuthrich R, Fascio V (2005) Machining of non-conducting mate-
rials using electrochemical discharge phenomenon—an overview.
Int J Mach Tool Manuf 45:1095–1108

14. Sarkar BR, Doloi B, Bhattacheryya B (2006) Parametric analysis
on electrochemical discharge machining of silicon nitride ceramics.
Int J Adv Manuf Technol 28:873–881

15. Bhattacheryya B, Doloi BN, Sorkhel SK (1999) Experimental in-
vestigations into electrochemical discharge machining (ECDM) of
non-conductive ceramic materials. J Mater Process Technol 95:
145–154

16. Peng WY, Liao YS (2004) Study of electrochemical discharge ma-
chining technology for slicing non-conductive brittle materials. J
Mater Process Technol 149:363–369

17. Chow HM, Yan BH, Huang FY (1999) Micro slit machining using
electro-dischargemachining with the modified rotary disk electrode
(RDE). J Mater Process Technol 91:161–166

18. Jain VK, Chak SK (2000) Electrochemical spark machining of
alumina and quartz. Int J Mach Sci Technol 4(2):277–290

19. Zhu D, Wang K, Qu NS (2007) Micro wire electrochemical cutting
by using in situ fabricated wire electrode. Ann CIRP 56:241–244

20. Bhuyan BK, Yadava V (2013) Experimental modeling and multi-
objective optimization of travelling wire electrochemical spark ma-
chining (TW-ECSM) process. J Mech Sci Technol 27(8):2467–
2476

21. Bhuyan BK, Yadava V (2014) Experimental study of traveling wire
electrochemical spark machining of borosilicate glass. J Mater
Manuf 29:298–304

22. Jain VK, Rao P, Sreenivasa CSK, Rajurkar KP (1991) Experimental
investigations into travelling wire electrochemical spark machining
(TW-ECSM) of composites. J Eng Ind 113(1):75–84

2106 Int J Adv Manuf Technol (2016) 85:2097–2106


	An experimental investigation on developed WECSM during micro slicing of e-glass fibre epoxy composite
	Abstract
	Introduction
	Experimentation planning
	Designed and fabrication of WECSM setup
	Results and discussions
	Effect of parameters on material removal (mg)
	Effect of parameters on spark gap width (μm)

	Optimization of WECSM parameters
	Mathematical model for material removal (MR, mg)
	Additivity test

	Conclusions
	References


