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Abstract

In this paper, the Die-Sinker Electrical Discharge Texturing (DSEDT) is utilized to machine closed cell
titanium foam using pure brass tool electrode. Discharge time, current and discharge voltage were
taken as input factors. By varying these input factors, discharge energy generated in between the tool
and workpiece gets altered. Therefore, the influence of discharge energy on the average crater
diameter, re-solidified layer thickness and chemical alteration of machined surface are analysed. The
stochastic nature of DSEDT process is studied using microscopic images and energy dispersive x-ray
spectroscopy profiles. Through micrographs it is perceived, increase in the discharge energy from
5.12Jt0 10.13 ], leads to an increase in average crater diameter from 29.26 to 66.29 pm respectively. It
is observed that combined effect of crater overlap phenomena and re-solidification of material seals
the cells in a foam material. A minimum re-solidified layer thickness of 44.29 pm is achieved. The
machined surface of closed cell titanium foam shows significant rise in carbon, copper and zinc
elements owing to the disintegration of the dielectric liquid and tool electrode during spark erosion.
The study on DSEDT of closed cell titanium foam revealed the possibility to create surfaces with
uniform crater diameter and establish titanium carbide on the machined surface.

1. Introduction

Process induced surfaces are generated on components top layer to improve its lubrication, heat transfer
characteristics, bio-compatibility and polarity characteristics. The use of light in weight materials are adopted in
aviation and automotive industries owed to the stringent requirements to reduce fuel consumption and minimal
carbon footprints. By 2030, the use of lightweight materials in aerospace and automotive industry is expected to
rise up to 85% and 70% respectively [ 1]. Metal foams can be used to meet the sudden rise in demand for
lightweight materials in both industries. Metal foams are classified as open cell foam composed of
interconnected pores and closed foam contains isolated pores which are not interconnected. Service life can be
enhanced by altering the surface of metal foam components. Surface modification of metal foams through
traditional machining techniques is not recommended as the cutting force exerted by the tool upon foam
workpiece may damage or collapse the cellular arrangement owed to smearing effect. Non-traditional
machining techniques using laser, electrolytic processing, chemical etching and Electrical Discharge Machining
(EDM) are the most frequently adopted in industry’s to machine metal foams. However, the protrusions left by
laser, poor control of electrolytic process and uneven texture surface produced by etchants have limited the use
of these techniques. EDM is increasingly being used in industries to machine metallic foams since the force
produced in EDM is trivial and the texture produced on the machined surface do not contain directional
properties. Die-Sinker Electrical Discharge Texturing (DSEDT), a subtractive machining method that works on
the principle of EDM is employed to generate random and isotropic textures on electrically conductive material
regardless of their hardness. In a DSEDT process, texturing is achieved by giving the least depth of cut to the
workpiece which leads to texturing instead of machining. Use of metal foams as sandwich design panels offer
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Figure 1. DSEDT on CTF.

better protection against wear along with high stiffness as compare to bare foam. The existing foam preparation
methods have limitation in achieving uniform pore geometry due to lack in control over manufacturing route
(poor gas dispersion, etc). In this study closed pore metal foam is chosen as workpiece material. Closed pore
foam is featured with non-uniform pore shapes which are not interconnected. Uniform pore geometry on metal
foam components is desired as it can act as oil reservoirs or lubrication pockets. During DSEDT of closed pore
metal foam, each pulse discharge produces a crater on the machined surface. As the spark discharge continues
numerous individual craters along with overlapping craters are produced on the machined surface. As a result,
random and isotropic craters are established on the machined surface which can act as oil reservoirs. The
schematic representation of surfaces produced through DSEDT is presented in figure 1.

The initial work on texturing by EDM was attempted to create matt-finish on roll mill to reduce the adhesion
of sheet metal to the roller surface [ 1]. Koshy and Tovey developed textures on rake face of cutting tools to
promote lubricant retention during machining [2]. Harcuba ef al used EDT to establish textures on orthopedic
implants and stated that the EDT surface offered better biocompatibility [3]. Jithin ez al for the first time revealed
the possibility of using EDM as an alternate cost-effective technique to improve the wettability of SS 304 alloy
through texturing [4]. He ef al produced micro/nano textured surface through EDM which can be used for anti-
fouling application [5].

Bui et al used silver suspended dielectric medium in EDM and established textured surfaces which offered
better antibacterial property [6]. Wang et al used EDM together with electro deposition to create surface that
showed super hydrophobic property [7]. Assessing the machinability of titanium foam using EDM process and
evaluating the surface produced is the need of the hour for an industry, as the process witness marks/texture has
direct influence on the useful life of the component. Many investigators have strived to grasp the witness marks left
over by EDM technology while machining a variety of workpiece materials. Klink et al attempted to evaluate the
crater morphology produced on tool steel material by using dissimilar power generators [8]. Authors proposed
that the EDM power generators available today can generate widened and shallow crater profiles. The influence of
EDM process parameters such as tool polarity, voltage, current and pulse time on crater formation during
machining nickel-titanium material and GH4169 nickel-based alloy [9, 10] were explored. The authors proposed a
hypothesis that the crater diameter widens for higher magnitudes of process parameters. By increasing the
magnitude of pulse time, current and voltage, the discharge energy upsurge which produces enlarged and deeper
crater that aids for enhanced hydrophobicity of EDM machined surface [9, 11-13]. Also, a reduction in crater
overlap on EDM machined Ti6Al4V surface is noticed while using transesterified bio-oil as dielectric [14] and 25%
normal water mixed dielectricliquid [15]. Authors have studied the influence of EDM process variables on re-
solidified layer thickness (RLT) formed on materials such as Ni-Ti alloy [11], Nickel based alloy [12], Ti-5A1-2.5Sn
[16], Ti6Al4V [14, 17] and Al-Mg-Ti alloy [18]. The chemical alteration on EDM machined surfaces [19, 20] were
also assessed on Ti6Al4V [21], Cu-Ni-TiN [22] and green compacted TiC/Cu materials [23].

The existing literature articulates that little work is published in EDT of metals, EDM for machining open
foam materials, surface modification, RLT, and chemical alteration on machined surface of materials ranging
from steel to titanium alloys. Yet the EDT of closed foam, particularly titanium foam and its consequences are
notrevealed in detail. Energy monitoring is imperative in every manufacturing method. Owing to the stochastic
nature of EDM process, among the total energy supplied, only a portion of energy exists in the discharge gap
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Figure 2. Experimentation details.

[24]. However, the literature lacks quantifying the actual energy (or discharge energy) available in the discharge
gap. EDT is achieved through formation of crater which is reliant on the energy available in the discharge gap.
Titanium foams are ultra-light materials which are exclusively used in sound absorption, electron shielding and
filters for aerospace application. In this study, the energy produced and the consequences of modifying the
surface of closed pore titanium foam (CTF) during DSEDT are envisaged.

2. Materials and methods

A die-sinker EDM machine (Electronica smart ZNC) as shown in figure 2(a) is used for machining. CTF (99.87%
pure confirmed by wet analysis) with 21% specific gravity [25] is taken as workpiece

(100 mm x 100 mm X 2 mm) and a brass (¢ 8 mm) is selected as tool electrode. The erosion of CTF took place
inside a reservoir filled with hydrocarbon based dielectric liquid (ELEKTROL supplied by M/s. Electronica India
Pvt Ltd). Among the various EDM process variables, discharge time (t;), current (i), discharge voltage (v,), duty
factor, anti-arc sensitivity, polarity and dielectric flushing pressure shows dominant effect on the machinability
of workpiece material [26]. Preliminary trials are conducted to identify the significant input parameter
conditions. The process parameters 4, i, and v, can be varied from 1 to 2000 jis; 0 to 60 A and 0 to 300 V
respectively. To avoid rapid tool wear, the increasing discharge duration beyond 200 s and current above 12 A
was not selected. Furthermore, by machining tool connected to anode polarity and work piece to cathode
polarity, tool wears severely. Consequently, experiments are conducted with cathode tool polarity and anode
workpiece polarity. In this work, to modify the surface of CTF, the machine settings for experimentation are
limited to finish machining regime. The selected workpiece is composed of closed cell and through the
micrograph of SEM the average cell size is obtained as 5 pm. The setup utilized for experimentation and the
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Figure 3. Typical voltage and current waveform captured for #4-50 s, i,—6 A and v,—60 V.

chosen workpiece are presented in figure 2. In this work, #4 i, and v are chosen as input factors. The surface
produced by DSEDT is owed to the numerous random sparks occur between the electrodes. Discharge energy,
topography, thickness of re-solidified layer (RCLT) and chemical alteration of machined surface are considered
as outcomes. Dielectric flushing pressure, anti-arc sensitivity and duty factor are maintained constant at

1.5 kg cm 2, 3 and Level 3 respectively. The input process variables are varied at four levels such as t, - 50 s,
100 ps, 150 pis, 200 pis; i, - 6 A, 8 A, 10 A, 12 Aand v, - 30 V, 45V, 60 V, 75 V.

A full factorial experiments (L64) is conducted by varying these input variables. For every combination of
input process variables, the voltage and current waveforms (pulses) produced in the discharge gap is captured
using a 4-channel oscilloscope with 5 Giga samples/s sampling rate. A HP9100 voltage probe and Tektronix
A622 probe are used to record instantaneous voltage (u ()) and instantaneous current (i (t)) respectively. Each
pulse train data is captured for duration of 400 milliseconds with one lakh data points. A snapshot of pulse train
recorded during machining is presented in figure 3. Using the acquired pulse train data, the discharge energy (E)
is calculated using below expression [24, 27]

E= j:“ u(t)i(t)dt (1)

where t,—discharge time (or) effective machining time. The impact of input variables on E is investigated. The
influence of E on topography, RCLT, chemical alteration, micro hardness, contact angle and surface roughness
of machined component were also analyzed. For every combination of process variables, the micrographs of
machined surfaces are captured at three distinct locales using SEM. Energy dispersive spectroscopy (EDS)
profiles are used to reveal the chemical alteration built-up on the CTF machined surfaces by the EDM process.
The surface roughness and micro-hardness of the machined surfaces are assessed using MarSurf GD 120 surface
roughness tester and Shimadzu HMV Vickers hardness tester respectively. By changing the input variables, the E
produced in the gap differs which alters the erosion phenomena discussed in subsequent sections.

3. Results

The influence of input factors (,, i,, v) on discharge energy (E) is given in table 1. For each combination of input
factors, experiments are conducted three times, and its mean value is presented in table 1. It is perceived that
discharge energy increases with increase in t,;and i, levels. For same i, and v,, as the £; goes up, the discharge
energy acquired in the gap upsurges. By increasing the t;and i, values, the energy for single pulse grows which
results in higher discharge energy as shown in figure 4. However, for fixed duty factor, by raising the
magnitudes, a reduction in the frequency of pulses is noticed that caused lower E in the gap.

The drip in pulse frequency is perceived from the pulse train picked up for i, - 8 A, v, - 45V and different ¢, is
shown in figure 5. During experimentation, the i, is varied at 6, 8, 10 and 12 A. For all z;and v,, by raising the
magnitude of i,, negligible variation in current magnitudes generated in gap is witnessed. This is mainly
attributed to the duty factor which is kept at level 3 (lower). The pulse duty factor varies the pulse off time in steps
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Table 1. Significance of t, i, vy on E.

Cutting trial tg ip Vg E Cutting trial tq ip Vg E
1 30 5.123 33 30 5.891
2 6 45 5.484 34 6 45 5.929
3 60 7.486 35 60 6.823
4 75 8.641 36 75 9.263
5 50 30 5.541 37 30 6.118
6 8 45 5.617 38 8 45 6.676
7 60 6.635 39 60 7.148
8 75 8.649 40 75 9.191
9 30 5.781 41 150 30 6.988
10 10 45 5.880 42 10 45 7.025
11 60 6.831 43 60 7.403
12 75 8.973 44 75 9.439
13 30 6.594 45 30 7.801
14 12 45 7.055 46 12 45 8.185
15 60 7.797 47 60 8.605
16 75 9.314 48 75 9.767
17 30 6.949 49 30 6.504
18 6 45 5.435 50 6 45 4.992
19 60 7.609 51 60 7.143
20 75 9.162 52 75 9.324
21 30 6.205 53 200 30 6.261
22 8 45 5518 54 8 45 7.010
23 60 6.886 55 60 7.210
24 75 9.160 56 75 9.638
25 100 30 6.703 57 30 7.062
26 10 45 6.928 58 10 45 7.226
27 60 7.818 59 60 7.751
28 75 9.387 60 75 9.534
29 30 7.670 61 30 8.084
30 12 45 8.059 62 12 45 9.019
31 60 8.556 63 60 8.861
32 75 9.453 64 75 10.127

[ELECTRONICA Technology manual]. Though the magnitude of i, grows from 6 A to 12 A asinput,
approximately 2 A to 3 A current is produced as output. The drop in current magnitude for varying i, settings
can be perceived from single current pulse picked up for ¢, - 50 s, v, - 45 V and different i, values as shown in
figure 6. This brings about reduction in discharge energy for changing td and vg settings. It is witnessed from the
above discussion that, by changing the input process variables the discharge energy (E) gets altered.

On the other hand, the machined surface of CTF gets altered due to deposition of recast layer (RCLT) and
chemically as well owed to the pyrolysis effect of DSEDT. However, the diameter of crater, RCLT and
metallurgical altered surface produced are dependent on the E produced in the spark gap. Therefore, the impact
of E on the diameter of crater is analyzed first.

The consequence of varying E on topography of machined CTF surface is assessed using SEM captured at
three distinct locations. It is perceived from figure 7, the machined surface of CTF contains crater and re-
solidified molten material completely filling the pore which existed on the surface prior to machining. From
the SEM images, the diameter of crater is evaluated using the Image J software and its average value (C ay) is
presented in figure 7. By varying the E from 5.12 ]-9.53 J (low to high), the machined CTF contains Cg 4,
increasing from 29.26 pm—66.29 pm. Formation of crater on the CTF can be understood through the material
removal mechanism of EDM process. In EDM, as the discharge begins and ends, material removal happens on
both tool and workpiece (electrodes). Material removal from the electrodes occurs owed to melt and
evaporation of electrodes by transformation of kinetic energy of ions and electrons into thermal energy. For a
given E, as the discharge originates, the ions and electrons acquire kinetic energy and impinge upon the
surface of electrodes causing melt, evaporation of electrodes and dielectric liquid as well that aids in formation
of plasma surrounded by a compressed vapour bubble. As the discharge remains, owed to continuous melting
and evaporation of electrodes and dielectric liquid, the plasma diameter and compressed vapour bubble
grows. However the growth of the vapour bubble is restricted by the inertia of the surrounding dielectric
liquid that leads to rise in pressure within the vapour bubble. At the end of discharge, the violent collapse of
the plasma and vapour bubble causes the superheated molten liquid from the electrodes to expel into the
dielectric liquid leaving a cavity or crater on the electrodes [28, 29]. The size of the crater formed is dependent
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(a) ta - 50us [Pulse frequency — 7.75 kHz]

(b) ta - 200 us [Pulse frequency — 2.75 kHz]

Figure 5. Voltage waveform acquired for i, - 6 A and vg- 60 V for varying t,.
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on the growth of plasma diameter. In this study the workpiece is connected to anode polarity, hence the effect
of electrons is considered. At larger magnitudes of E, the density of electrons grows subsequently the melting
and evaporation of electrodes that results in increased plasma diameter and vapour bubble [30]. At the end of

6



IOP Publishing Phys. Scr. 100 (2025) 055007 Adithyaetal

3.5 4 3.5 1
—6A —8A
3.0 3.0
25 25 [
T 204 g 2.0+
: -t
§ 1.5+ g 1.5
3 104 3 10-
0.5 0.5 1
te
0.0 4 te 0.0 4 ‘.—.|
-0.5 T T 1 -0.5 T T 1
0 50 100 150 0 50 100 150
Time (ps) Time (us)
3.5+ 3.5
—10A —12A
3.0 3.04
2.5 254
T 201 T 20
- -
g 1.5 @ 1.5
3 1.0 3 1.0
0.5 0.5
te
00 te 00 p—— 4
e
-0.5 T T 1 -0.5 T T 1
0 50 100 150 0 50 100 150
Himem) Time (us)
Figure 6. Individual current waveform acquired at ;- 50 pus and v, - 45 V for varying ,.

discharge, the abrupt burst of plasma and vapour bubble ejects the molten liquid beneath the discharge
vicinity forming larger size crater on the surface of workpiece. Through SEM images it is perceived, as the E
raises, the machined surface of CTF contains random individual craters along with overlapping craters.
Uniform crater diameter is observed on surfaces machined with Eat5.12],6.64 J,7.01J,9.16 Jand 9.53 J. This
shows that, DSEDT can be used for generating craters having uniform diameter which can act as lubrication
pockets on machined surface. However crater overlapping, debris accumulation within the crater and
spherical globules are also observed on the surfaces machined with varying E magnitudes. Owing to the
continuous erosion and stochastic nature of EDM process, crater overlap is noticed. However, the workpiece
contains closed cells, when the spark erosion occurs in region close to or upon the cell, this might result in
crater overlap phenomenon. Also, the accumulation of debris into the crater is noticed on surfaces machined
with Eat5.627,6.64],7.01 Jand 9.53 J. In addition to the explanation given earlier, when the E grows, owing
to the increased intensity of electro-thermal heating, the diameter of the compressed vapour bubble grows
and more heat transfers into the workpiece by conduction [31]. This resulted in a larger crater diameter
formed on machined surface. The un-ejected melted material re-deposit back on to the adjacent regions and
seals the cells of CTF, which is noticed in figure 7.

Further analysis is carried out to understand the influence of E on RCLT and possible chemical alteration of
CTF machined surface. Figure 8 presents the SEM micrograph revealing the re-solidified layer of machined
workpiece for different E. At E - 5.12 ], owing to less intense E, smaller amount of material gets melted and the
un-ejected melted material deposit onto the adjacent regions. This resulted in lower RCLT (44.29 pm) as shown
in figure 8(a). In this study, the workpiece is maintained at anode polarity. During DSEDT machining, for fixed
inter electrode gap, the energy distribution to anode workpiece is higher compared to that of cathode in
hydrocarbon based dielectric. Also the heat transfer within the workpiece is mostly by conduction [31]. In EDM,
the material removal efficiency or plasma flushing efficiency (PFE) is defined as the ratio of ejected to melted
volume. Itis reported in the literatures that the experimentally measured PFE ranges from 1-10% [32]. At higher
magnitudes of E (10.13 J), more volume of molten material is generated compared to that formed with 5.12 J.
Owed to the stochastic nature of EDM process crater overlap phenomena exist on the machined surface. The
combined effect of poor PFE, crater overlap phenomena and stochastic nature of EDM process attributed to
form thicker non-uniform RCLT (110.71 pm) on the machined surface as shown in figure 8(j). Atlower E
magnitudes the RCLT appears to be uniform whereas it becomes uneven as the E grows.
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Figure 7. Effect of E on C 4y

The impact of E on chemical alteration of machined work piece is also analyzed. In DSEDT, spark erosion
occur in-between the electrodes completely engulfed inside a dielectric liquid (a hydrocarbon based liquid).
During spark discharge, a melted pool is generated at the surface of both tool and workpiece. The dielectric used
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in this study is hydrocarbon oil (Technology Manual, M/s. Electronica smart ZNC) being a chemical compound
of carbon and hydrogen. The localized heating during spark erosion results in decomposition of Cu and Zn;
Carbon and Titanium from tool, dielectric liquid and workpiece respectively. These decomposed elements get
diffused into the molten pool of electrodes. Titanium is a highly reactive material at elevated temperatures; the
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Figure 9. EDS profile of machined CTF for varying E.

carbon decomposed from dielectric liquid reacts with titanium workpiece and forms titanium carbide (TiC). At
the end of spark erosion, the gush of dielectric liquid cools rapidly the molten pool containing the dissolved
element withinit[11,28, 33, 34]. Figure 9 shows the area energy dispersive x-ray (EDX) analysis and Energy
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Figure 9. (Continued.)

Dispersion Spectrum (EDS) revealing the presence of decomposed elements on machined workpiece measured

at different E. It is observed that the pyrolytic carbon generated from dielectric medium, copper and zinc metals

from tool electrode transfers into the workpiece surface. As E increases, the amount of heat produced gives rise
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Figure 10. XRD profile of comparison for CTF.

to generate more pyrolytic carbon from dielectric medium. The XRD profile of surface machined at E—7.75J
reveals the presence of TiClayer as shown in figure 10. The snapshot of machined tool is presented in figure 11
revealing the deposition of decomposed carbon from the dielectric liquid. Through DSEDT it is noticed that the
surface with uniform crater diameter along with TiC layer is established.

Further to assess the machined surface, the micro hardness and surface roughness for discharge energy is
assessed. The micro-hardness measurement and surface roughness are measured at three different locations and
is average value is presented in figures 12 and 13 respectively. It is perceived that as the E raises, the micro-
hardness of machined surface increases. For a given discharge energy, during spark discharge owed to localized
heating; decomposition of carbon from the dielectric liquid gets diffused into the molten pool of workpiece
surface. At elevated temperatures, titanium is highly reactive; the carbon decomposed from dielectric liquid
reacts with titanium workpiece and forms titanium carbide (TiC). At the end of spark erosion, the rapid flow of
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dielectricliquid solidifies the molten material containing the dissolved element within it [11, 28, 33]. This
resulted in formation of RCLT retaining the dissolved elements within. As the E grows, more amount of RCLT is
formed on the machined surface containing increased amount of carbon content (wt%) which is evident from
the EDS profiles presented in figure 9. The presence of TiC on the machined surface is evident from the XRD
profile presented in figure 10. Therefore, the increase in RCLT contains more amount of TiC which resulted in
raised hardness at higher discharge energy. Further the contact angle (CA) of the machined surface is measured
using sessile drop method. It is perceived from figure 12, as E grows the CA of machined surface shifts from
hydrophilic (CA < 90°) to hydrophobic (CA > 90°). Hydrophilic surfaces offer better liquid retention as
compared to hydrophobic surfaces which repels liquids. In an Industry, special bearings are subjected to loading
and rotation which require hardened surfaces to offer better resistance to wear along with lubricant retention
property. Through this study, it is possible to produce a hardened layer along with surface behaving hydrophilic
using DSEDT process.

The influence of varying magnitudes of E on surface roughness of the machined component is also analysed.
On the machined surface, 2D roughness measurements are carried at three distinct locales and its average value
as taken for the study. At Eof5.12J,7.79J,9.53 J, 10.13 J the measured average roughness (R,) values are 3.084
pm, 5.293 pm, 6.198 pm and 7.456 pm respectively. The 2D roughness profiles of machined surfaces are
presented in figure 13. Itis noticed from the roughness profiles, at low E, the surface profile is composed of peaks
and valleys of smaller magnitudes that corresponds to uniform RCLT formation that resulted in lower R, value.
However, the increase in E leads to formation of big sized crater together with non-uniform RCLT lead to larger
magnitudes of surface profiles along with varying peaks and valleys. This resulted in surface roughness on the
machined surface.

To understand further, an attempt has been made to perceive a relationship between E, C 4., and RCLT.
Due to the complexity involved in developing a mathematical model for DSEDT process, a well-demonstrated
linear regression is adopted. In this study, by taking E is taken as input variable; the models for C; ;o and RCLT
are expressed in equations (2) and (3) respectively

Ca.avg = 7.5106E — 10.687 2)
RCLT = 13.985E — 29.115 3)

The R squared value for C; ;,,and RCLT are 95.71% and 96.61%. However it’s difficult to obtain a
correlation between the E and chemical alteration of the machined surfaces.

4. Conclusions

In this paper, a detailed investigation has been carried out on modifying the top surface of closed cell titanium
foam during DSED texturing process. The significance of discharge time, current and discharge voltage on
discharge energy is analysed. The impact of discharge energy on crater diameter, recast layer thickness and
chemical alteration of machined surfaces was investigated. The following conclusions have been made from the
current work.

Itis observed that there is a linear proportionality between the discharge time and current, and the discharge
energy. However, for higher magnitudes of current, the variation in energy is insignificant.

1. The impact of discharge energy on average crater diameter (C, ) is assessed using SEM micrographs. A
range of Cj 4, varying from 44.29 pm to 110.71 pm is obtained for varying discharge energy from 5.12 J to
10.13 J respectively. The micrograph of machined surface reveals the crater overlap phenomena and the re-
solidified material covers the cells present in CTF.

2. The significance of discharge energy on the RCLT formed on machined CTF surface is assessed. For values of
energy E from 5.12J-10.13 J, the RCLT values vary from 44.29 pm to 110.71 pm respectively.

3. The influence of discharge energy on chemical alteration of machined surface are assessed using EDS profiles.
Due to pyrolytic effect, the carbon from dielectric liquid, copper and zinc from tool electrode gets transferred
to machined surface. At high discharge energy, more carbon is observed on the machined surface. The XRD
profile reveals the presence of titanium carbide on the machined CTF surface.

4. Byincreasing E from 5.12 J to 10.13 J, the micro-hardness grows from 432 HV to 754 HV respectively. As the
E grows, the increased carbon (wt %) within the RCLT attributed to raised micro-hardness values. Also the
contact angle varies from 75.9 to 104.0 degree. The R, of the machined surface varies from 3.084 pm to
7.456 pm. By varying the E, it’s possible to produce a component requiring improved hardness along with
hydrophilic or hydrophobic surfaces.
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Through this study on DSEDT of CTF, it’s possible to establish a surface having improved hardness along
with either hydrophilic or hydrophobic behavior by altering the discharge energy. Though the initial cell
topography of CTF gets affected during DSEDT, yet the proposed work can be extended to manufacture special
bearing using porous material that are subjected to loading and rotation which require hardened surfaces to
offer better resistance to wear along with lubricant retention property.
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