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 ABSTRACT   Electric discharge machining is a thermo-electric non-traditional machining process. The material 
removed from the workpiece through localized melting and vaporization of material by an electrical spark generated 
by electrical energy, the electrode and workpiece are held at a small distance from each other in a dielectric medium 
and a high potential difference is applied across them. Ti-6Al-7NB alloy was subjected to electric discharge machining 
(EDM) as a surface treatment process. Several experimental investigations have been undertaken in order to assess 
whether EDM process is a viable surface treatment technique for application in Biomedical Implant. The Taguchi’s 
experimental design techniques have been implemented to understand the effects, contribution, significance and 
optimal machine settings of process parameters, namely, polarity, peak current, electrode type, pulse on time and gap 
voltage on MRR, TWR, SR and WR. It was found that Cu electrode gives higher MRR and WR resulting in better 
machinability of Titanium alloy (Ti-6Al-7NB). In this paper, Ti-6Al-7NB utilized as workpiece material and use of this 
material can be found in the assortment of a field including Bone fixation (plate, screw, pin), artificial joints, and bio-
medical implants etc. 
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1. Introduction 
Electrical discharge machining (EDM) has been profoundly used in machining of hard and exotic materials 
particularly in moulds, dies and geometrically complex components etc. EDM is one of the advanced 
machining techniques which have high precision and no physical cutting forces between the tool and the 
workpiece. In EDM the workpiece and tool (electrode) must be electrically conductive. The material is 
eroded by generating the sparks between tool and workpiece which are submerged into the dielectric fluid 
for better erosion. EDM is able to machine hard materials such as hardened steels, Superalloy, titanium, and 
alloy, Hastelloy etc. The spark gap is filled up with workpiece and tool, the procedure turns out to be more 
stable, thereby improving machining rate and surface finish. The output factors of EDM like MRR, TWR, WR, 
SR and machining time can be directly altered by changing input parameters. Most research has been 
studied on the effect of using different input parameters but there were very few studies on the 
improvement of the machining surface. The aim of the present research work is to examine the variation of 
material removal rate, tool wear rate, SR and wear ratio with a variation of the three input parameters by 
using forward polarity i.e. voltage, current and pulse on time. In the field of electrical discharge machining 
the extensive study, analysis and research work has been done continuously. Further research in this field 
has brought out some of the essential features of the process. SR increased with increasing pulse energy for 
particular work-tool combinations. The surface finishes improved as the melting point of the work material 
increased for a particular tool material and as the work function of the tool material decreased for a 
particular work material. The average diameter of the crater increased with increasing pulse energy [1]. 
The addition of 4g of fine graphite powder per liter of kerosene increases the metal removal rate (MRR) by 
60% and the tool wear rate (TWR) by 15% in electrical discharge machining and wear ratio reduced about 
28% [2]. The effects of pulse parameters and the carbide composition on the rate of metal removal, relative 
electrode wear and the shape and size of the crater produced. The experimentally obtained response 
equations have been utilized for the computation of optimum pulse duration and binder content in the 
carbide to yield maximum removal rate and minimum electrode wear [3]. The use of negative polarity and a 
powder metallurgy tool electrode affect the discharge phenomenon and results in a Considerable quantity 
of deposition on the surface. It has been reported that combined pulse generation and a relaxation circuit 
enhances the tool electrode transfer and the pulse train corded using a dual-trace storage oscilloscope and 
an X-Y plotter [4]. A new method of surface modification by electrical discharge machining using composite 
structured electrode. Surface moderation, on carbon steel or aluminium was carried out in hydrocarbon oil. 
Titanium carbide, Cu, Al, and Ti were used as electrode material. It was a release that there is electrode 
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material in the surface layer and the feature of the surface changed. These surfaces have fewer cracks, 
higher corrosion resistance and wear resistance [5]. Material move from electrode to a machined surface is 
considerable in electric discharge machining when a PM compact electrode is used under negative polarity. 
Resultant surface show reduction in friction coefficient and reduction in wear. [6] The use of titanium 
carbide powder in compact form and the wear resistance evaluated by cutting tests and considerable 
improvement over the uncoated surfaces observed. Eclectic Discharge Machining with pulsing relaxation 
generator using a powder danced electrode and negative polarity setting reorients the surface properties of 
a machined surface to a great extent. [7]. Surface modification of aluminum using a new method named 
electrical discharge alloying. Displacement of titanium contained in electrodes and carbon dissolved from 
hydrocarbon working fluid occurs on aluminum substrates, with an electrode of a Ti-36 and Al premixed 
green compact, composite layers mainly consisting of TiC and TiAl are formed. The process makes it 
possible not only to coat the composite layers with a thickness of 100 μm within a few minutes but also to 
obtain different TiC volume ratios by changing the process parameters [8]. The performance of powder 
metallurgy electrodes on various aspects of electric discharge machining process and ease of fabricating 
and control over the properties of electrodes, powder metallurgy technique has an advantage over other 
methods of electrode fabrication. Powder metallurgy electrodes affect the micro- and macro variables in 
EDM and the properties of powder metallurgy electrodes can be controlled over a broad range by adjusting 
the sintering and compacting conditions [9]. Use of compounds of  ZrB2 and TiSi with Cu at different 
compositions for electric discharge machining electrodes by either liquid phase sintering or solid-state 
sintering. The performance of the newly formed electrode material is compared with that of traditional 
electrode materials such as Cu, CuW, Graphite and etc [10]. Sintered Cu–W electrodes affected by TiC in 
EDM performance, whereas used electrodes materials are various types of copper, graphite, titanium, brass, 
and silver. The tool material with added TiC showed good performance. The SR decreased with the increase 
of relative density and vice versa. They concluded that the highest relative density, lowest electrical 
resistively, and best EDM could be obtained by 15% TiC addition, i.e. the lowest tool wear rate, highest 
material removal rate and best surface finish [11]. The effect of titanium nitride (TiN) coating by physical 
vapor deposition (PVD) on the fatigue life of AISI D2 tool steel. The specimen coated by TiN exhibited 
considerably increased hardness, a better surface finish, and decreased super facial tensile residual stress 
on the surface, increasing their fatigue limit [12]. Surface modification method by EDM with Titanium 
powder suspended in working kerosene fluid to avoid the production process of the green compact 
electrode. TiC layer grew to a thickness of 150 μm with a hardness of 1600 Hv on carbon steel with an 
electrode of 1 mm in diameter [13]. A hard ceramic layer created on the material surface with a Ti or 
compact electrode powder in a certain condition and the normal EDM  kerosene oil and machine tool used,  
The new technique is produced called electrical discharge coating (EDC). The hard carbide is created 
through the chemical reaction between the worn electrode material and the EDC coating start with 
electrode wear during EDM. The carbon particles decomposed from kerosene fluid under high temperature. 
The carbide is piled up on a work piece quickly and becomes a hard layer of ceramic of about 20 μm 
thickness in several minutes. The process and principles of EDC systemically by using a Ti PM Green 
compact electrode. The compact TiC ceramic layer can be created on the surface of the metal work piece. 
The hardness of the ceramic layer is more than three times higher than that of the base body, and the 
hardness changes gradually from the surface to the base body. This method can find wide application in the 
fields of surface modification [14]. Powder metallurgy green compact and sintered electrode used for 
Surface modification and combined electrical discharge texturing (EDT) of hardened AISI D2 rolls, the W or  
Ti contained in the compact PM electrode together with C dissipate from the dielectric medium during the 
operation were transferred to the work surface [15]. By blending the copper powders contained resin with 
chromium powders to form tool electrodes. The different powder mixed, in green compact electrode then 
such electrodes facilitated the formation of a modified surface layer on the workpiece surface after EDM The 
higher MRR  and corrosion resistant properties. is obtained as compared to traditional Cu electrodes, few 
cracks on the machined surface a recast layer was thinner. [16]. The surface characteristics and machining 
damage caused by EDM on AISI D2 tool steel work piece and thickness of recast layer and SR are 
proportional to the power input [17]. EDM surface modification with Semi-sintered electrodes, worn 
substances in the gap region form the material source of the layer generated on the workpiece surface, from 
the working oil, crystallize carbide layer or carbon layer covering the surface of the insulated ceramic [18]. 
The ignition of electrical discharges In EDM,   by the evaporation of particle in the gap through excessive 
current. MRR response is grouped in an evaporation phase at the start of ignition. The gap width derives 
from the gap contamination average, depending from process settings [19]. SR and micro crack of AISI D2 
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tool steel by means of atomic force microscopy (AFM) technique. An excellent machined finish can be 
obtained at low pulse energy. SR and depth of micro-cracks were proportional to power input [20]. Powder 
mixed electrical discharge machining using response surface methodology, results identify the most 
important parameters to minimize SR and maximize material removal rate [21]. Composite (zrb2-Cu) by 
adding some amount of Cu and result shows that zrb2-40 wt% Cu composite has more MRR, with less tool 
removed rate.. But diametric over cut and average SR are found to be lesser in case of Cu tool [22]. Electric 
discharge machining of AISID2 steel in kerosene with PM copper titanium (CuTi) (30% Cu and 70% W) 
electrode and conventional Cu electrode, and suggest using traditional Cu electrode for higher MRR and for 
higher surface finish [23]. Erosion of material during EDM, due to the intrinsic nature of the process, some 
tool material also removed. Material vapors consisting from the plasma channel and material, under some 
specific machining conditions material transferred by using abrasive powders in the dielectric and 
composite electrodes. [24]. Stress crack characteristics of essential and thermal barrier coated super alloy 
AE 437A in temperatures between 600 and 850 °C with both long-term and short-term testing under 800 
°C. The bond coat contributed an addition 10% area and able to support a load, the higher stress, shorter -
term rupture lives of the coated alloy exceed those for the essential material. However under lower stress, 
longer life conditions the ability of the bond coat to support loading reduced, and the rupture lives of both 
bare and coated alloy were similar [25]. Abrasive mixed electrical discharge machining process based on 
the orthogonal array with grey relational analysis studied. Silicon powder MIXED in a dielectric fluid. The 
peak current, pulse-on time, and duty factor; choose input parameters, the performance measured in the 
form of MRR and SR [26]. The research outcome identifies significant parameters and their effect on process 
performance on EN-24 tool steel using copper electrode with silicon powder suspended in kerosene 
dielectric [27]. Micro-drilling in 718 alloy sheets at an acute angle, using sequential laser and mechanical 
drilling. The results demonstrate that sequential laser-mechanical micro-drilling alleviates the defects 
associated with laser-drilled holes, reduces burr size and machining time and increases the tool life 
compared with mechanical drilling AEDM of Inconel 718 found experimentally that deep cryogenically 
treated copper electrode with abrasive graphite powder and  improve SR. The same has been supported by 
SEM analysis of the machined surface [28]. The effect of different grain size of molybdenum powder 
addition in dielectric medium during EDM machining of AISI H13 tool steel. It was observed that the recast 
layer enriched with the formation of Fe-Mo and MoxC. After machining, results show that the fold hardness 
of AISI H13 increased four times in comparison of metal matrix. The best results were obtained with 1 -A 
discharge current and less than 15-μm molybdenum powder size [29]. Silicon powder addition in dielectric 
during electric EDM machining of EN-31 steel. It was observed that the value of material removal rate 
(MRR) increases with increase in peak current. It was further reported that with increase in concentration 
of the powder, the MRR tends to increase. This is because the added additive causes bridging effect between 
both the electrodes, facilitates the dispersion of discharge into several increments and hence increases the 
MRR. The maximum MRR is obtained at highest level of concentration of added silicon powder and peak 
current [30]. Effect of addition of graphite powder to kerosene used as dielectric fluid in the EDM. He 
concluded that addition of about 4gm/liter of fine powder having average size of particle as 10µm increases 
the MRR (Material Removal Rate) by 60% and TWR (tool wear rate) by 15% in electrical discharge 
machine. Wear ratio is also reduced by 30%. He concluded that there is 30% reduction in the breakdown 
voltage of kerosene at spark gap of 50µm was observed [31]. Silicon powder concentration and dielectric 
flow in the surface morphology in EDM machining on AISI H13 with powder mixed dielectric. It was 
observed that the crater diameter, crater depth and the white-layer thickness are reduced by the use of 
silicon powder particles suspended in the dielectric [32].Human body doesn’t accepts the foreign 
substances completely except edible substances, but it is observed that Titanium insults of Benchmark 
discovery to be used in various compositions as titanium alloy for medical implants. Titanium forms stable 
oxide layer on the surface thus exhibiting excellent Biocompatibility required for a human body for growth 
and Titanium Alloy Ti-6Al-4V is preferred as the most common super alloy used for biomedical implants 
[33-35]. Aluminium and Vanadium based titanium alloy Ti-6AL-4V is machined using EDM, it provide 
surface finish required for further use in Biomaterials. Researchers are working on the surface and other 
properties of this alloy with different methodologies. It has been seen that Ti-6AL-4V depicts different 
properties due to surface treatment when investigators used high peak current in EDM machining to 
investigate tensile and SR. It reflects that EDM machined samples are preferable substances for MG-63 cells 
of human osteoblast as per adhesion and growth is concerned [36].The need for miniaturized components 
is increasing, particularly from the biomedical and aerospace industry. Because of this demand, it becomes a 
field of research towards the micro-manufacturing of biomedical and aerospace components. Titanium 
based alloys are normally used for these applications because of their superior results in compatibility, high 
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strength to wear ratio and span time [37]. The microstructure of Ti-6Al-4Nb and alloys processed using 
plane strain compression test was investigated in the phase region. Plane strain compression test 
performed with strain rate of 0.1 S-1 to yield about 70% of deformation. The microstructure of 
homogenized samples consisted of mainly phase and thin phase plates between phase grains. Dynamic 
recrystallization takes place in both alloys [38]. It is also seen in the investigation done on vitro and vivo 
based behaviors of implant materials that the materials don’t dislocate themselves during the bone growth. 
It has also seen that Ti-6Al-4V possess potential capability and stability during the bone growth [39,40]. 
Input parameters were polarity, peak current, electrode type, pulse on time and gap voltage on material 
removal rate (MRR) and wear ratio (WR). The blind holes machined by copper- titanium (CuTi) electrodes 
made through powder metallurgy and a conventional copper electrode with electric discharge machining of 
Superni-800 It was found that Cu-Ti electrode gives better MRR and WR resulting in better machinability of 
Superni-800[41]. Although materials and ceramics cannot completely exhibit biocompatibility parameters 
for diseased or fractured bone, bioactive coatings plays an important role in maintaining the supportive 
biocompatibility between metal and bone tissues [42] Copper- titanium electrodes made through powder 
metallurgy and a conventional copper electrode with electric discharge machining of Superni-800 It was 
found that Cu-Ti electrode gives significant effect on the SR of Superni-800[43]. In some EDM processes, 
carbon enriched surface layer on Ti-6Al-4V has also formed for the proper biocompatibility and improved 
osteointegration [44-47]. 
 

2. Experimental Parameters and Design 
In this study, the machine used for experimentation is Smart ZNC EDM. In this machine, the Z axis is 
servo controlled and can be programmed to follow an NC code which is fed through the control panel. 
The servo control feedback is based on the gap voltage between the tool and the work piece electrodes. 
As machining takes place, the tool is fed into the work piece to maintain a constant gap distance. The gap 
distance cannot be independently controlled on this machine. The X and Y axes are manually controlled. 
All three axes have an accuracy of 5μm. Through an NC code, machining can be programmed to occur 
up to a fixed depth of cut.Ti-6Al-7NB was utilized as a work material and standard EDM oil was utilized 
as a dielectric. A magnet was additionally put underneath the fixture to hold the apparatus with the work 
piece.          
2.1 Work Piece Material 
The work piece material selected for the present study is Titanium alloy (Ti-6Al-7NB) in the dimensions 50 
mm x 50 mm x10 mm was used as the workpiece. The chemical composition of Ti-6Al-7NB material is 
shown in table 1. 

Table: 1 Chemical composition of Work Piece Ti-6Al-7Nb 
 Chemical Composition of Ti-6Al-7Nb Work Piece 

COMPONENT WEIGHT % 
Aluminium(Al) 5.51 
Niobium(Nb) 6.90 
Copper (C) 0.016 
Iron (Fe) 0.106 
Hydrogen (H) 0.002 
Nitrogen (N) 0.017 
Oxygen (O) 0.15 
Titanium (Ti) Remainder 

 

2.2 Electrode Material 
Experiments were conducted in this particular research by using a 99.9% purified copper electrode 
material with 100 mm in length and 8 mm in diameter. In this study, die-sinking EDM at a depth of 0.25mm 
were conducted using 8mm electrode on the surface of Ti-6Al-7NB under different machining condition. 
Properties of Electrode Material are shown in table 2. 

Table: 2 Properties of Electrode Material 

Properties of Electrode Material (Copper Electrode) 

Specification Value 

Density (g/cm3) 8.96 g·cm3 
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Heat of vaporization 300.4 kJ·mol−1 

Heat of vaporization 24.440 J·mol−1·K−1 

Heat of fusion 13.26 kJ·mol−1 

Young's modulus 110–128 GPa 

Melting point (°C) 1084.62 °C 

Thermal conductivity (W/m/K) 401 W·m−1·K−1 

Electrical resistivity at 20oC (Ω m) 16.78 nΩ·m 

Poisson ratio 0.34 

Boiling point (°C) 2562 °C 
 

2.3 Taguchi Optimization Technique 
Taguchi optimization technique offers clear, sorted out and convenient methodology for the 
improvement of the parameters with only a minimum number trials set that can operate consistently 
over a wide range of conditions. The L21 Taguchi orthogonal array is intended to carry out the 
experiment. The significant parameters were determined by using charts and Response table obtained 
from M.S. excel software. The aim of this study was to determine the process parameter required to 
achieve higher material removal rate and lower tool wear rate. 
 

Table: 3 Levels and Values of Input Parameters 

Symbol 
Machining 

parameters 

Levels and values of input parameters 

Level Level Level Level Level Level Level 

1 2 3 4 5 6 7 

I Current 2 5 8 11 14 20 30 

V Voltage 30 40 50 60 70 80 90 

POT Pulse On Time 20 50 80 150 200 300 400 

 

Table: 4 Parameters Using L21 Orthogonal Array 
INPUT PARAMETERS 

Exp. No. Current (I) in Amp Voltage (V) Pulse-on-Time (Ton) 

By Variation 
of Current 

1 2 60 150 
2 5 60 150 

3 8 60 150 

4 11 60 150 
5 14 60 150 
6 20 60 150 

7 30 60 150 

8 11 30 150 

By Variation 
of Voltage 

9 11 40 150 
10 11 50 150 
11 11 60 150 
12 11 70 150 

13 11 80 150 
14 11 90 150 
15 11 60 020 

By Variation of 
Pulse-on-Time 

16 11 60 050 
17 11 60 075 
18 11 60 150 
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19 11 60 200 
20 11 60 300 
21 11 60 400 

 

3. Experimental Results and Discussion 
Electric Discharge Machining experiments were conducted on Ti-6Al-7Nb work piece using a cylindrical 
copper electrode on Electronica ZNC-EDM machine. The experimental trials of EDM of Ti-6Al-7Nb 
involved three machining input parameters. These three parameters were current (I), pulse on time (Ton) 
and voltage (V). These three input parameters current, pulse on time and voltage varied. The machining 
responses that were investigated are MRR, TWR, SR and WR. The experimental plans for EDM process 
were based on Taguchi method and the performance of EDM of Ti-6Al-7Nb is described using the graphs. 
Results obtained from the experiments are discussed in the subsequent sections. 

 

Table: 5 Observation Chart 

Exp. No. 
MRR 

(gms/min) 
TWR 

(gms/min) 
WR 

MRR/TWR 
SR 

Ra(µ-in) 

1 0.0007695 0.0000819 9.4000000 5.8 

2 0.0012397 0.0001550 8.0000000 26 

3 0.0026172 0.0010905 2.4000000 10.1 

4 0.0038023 0.0017110 2.2222222 32.8 

5 0.0060096 0.0024038 2.5000000 23.8 

6 0.0071023 0.0031250 2.2727273 32.8 

7 0.0095112 0.0075297 1.2631579 18.2 

8 0.0031250 0.0005208 6.0000000 32.7 

9 0.0040759 0.0016866 2.4166667 19.6 

10 0.0034594 0.0012068 2.8666667 49.5 

11 0.0038023 0.0017110 2.2222222 32.8 

12 0.0029009 0.0015873 1.8275862 3.7 

13 0.0019905 0.0024645 0.8076923 6.2 

14 0.0025893 0.0039286 0.6590909 3.1 

15 0.0018405 0.0027607 0.6666667 17.8 

16 0.0026118 0.0012663 2.0625000 4.9 

17 0.0029226 0.0008023 3.6428571 8.3 

18 0.0038023 0.0017110 2.2222222 32.8 

19 0.0035076 0.0017194 2.0400000 12.6 

20 0.0036683 0.0015949 2.3000000 11.3 

21 0.0027254 0.0008910 3.0588235 43.8 

 

(a) Material Removal Rate (MRR) 
During the process of electrical discharge machining, the influence of various input machining parameter 
has a considerable effect on Material removal rate (MRR). It is clear from fig 1 that Material removal rate is 
maximum at the straight polarity, 30 amp of peak current (I), 150 pulse on time (Ton) and 60 voltage (V) 
with conventional Cu electrode. From the fig 1, it is observed that these levels of the parameters as best 
levels for maximum Material removal rate. The mechanism of material removal of EDM process is most 
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widely established principle is the conversion of electrical energy into thermal energy. During the process 
of machining, the spark is produced between work piece material and tool electrode. Thus each spark 
produces a tiny crater in the material along the cutting path by melting and vaporization, thus eroding the 
workpiece to the shape of the tool electrode. In the present work, the result shows that the effect on MRR is 
more when conducting the experiments at positive polarity, with copper tool electrode. The selected 
parameters i.e. polarities, peak current, pulses on time, voltage and electrode have a significant effect on the 
MRR. Maximum MRR is obtained at 30 Amp current. In positive polarity, the electrons flow towards 
workpiece and positively charged ions flow towards the electrode. Small mass electrons have more velocity; 
they strike the work piece with heavy momentum and with high energy, therefore, more energy at work 
piece erodes more material from the workpiece.  
 

 
Figure 1. Main effects plot for Material removal rate (MRR) and Current (I) 

 

(b) Tool Wear Rate (TWR) 
TWR is an important aspect because if control dimensional accuracy and the shape of the cavity, it 
interconnected to the melting point of the electrode materials. The selected parameters i.e peak current, 
pulse on time, polarity, voltage and electrode type, have some effect on the TWR. The values of Tool Wear 
Rate at different levels are plotted in the figure.2, keeping the objective as “smaller-the-better”. The TWR 
experiment values shown in Table 5. The graph for TWR clearly indicates that the polarity, peak current, 
pulse on time, voltage and electrode are influencing factors for TWR. It is clear from fig.2 that TWR is 
minimum at 2 amp of peak current (I), 150 pulse on time (Ton) and 60 voltage (V) with conventional Cu 
electrode. From the graph, it is observed that these levels of the parameters as best levels for minimum 
TWR. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Main effects plot for Tool Wear Rate (TWR) and Current (I) 
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(c) Wear Ratio (WR) 
Taguchi method is used to analyse the result of WR for larger is better criteria. It is clear that electrode is 
the most significant factor and peak current is the least influencing factor. WR at positive polarity is more 
than the WR at the negative polarity. The criterion of WR (Larger is better) is satisfied by different input 
machining parameters as per their levels. During the process of electrical discharge machining, the 
influence of various input machining parameter has considerable effect on WR. It is clear from fig.3 that WR 
is maximum at 2amp of peak current (I), 150 pulse on time (Ton) and 60 voltage (V) with conventional Cu 
electrode. This is due to Figure3. Main effects plot for Wear Ratio (WR) and Current (I) the reason more 
MRR at positive polarity as compared to MRR at negative polarity. With regard to peak current, the 
variation of curve signifies that WR is decreased slightly but higher WR is observed at higher currents. It is 
due to the reason of more work material erosion at higher currents. This observation suggests machining of 
the materials at higher currents to yield more productivity of the process.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Main effects plot for Wear Ratio (WR) and Current (I) measurement. 
 

(d) Surface Roughness (Ra)  The experimental results for Surface Roughness are tabulated in table 5. The 
average values for SR at different levels are plotted in figure 4 keeping the objective as “smaller -the-better”. 
The SR of the work piece can be expressed in arithmetic average (Ra) in this work. Ra is the arithmetic 
average roughness of the deviations of the roughness profile from the central line. The selected parameters 
i.e. peak current, pulse on time, polarity, electrode type. The SR clearly indicates that the peak current, pulse 
on time, polarity, electrode parameter has a considerable effect on SR.  It is clear from fig.4 that SR is 
minimum at the 11amp peak current, pulse on time 150 Ton, 90 voltage and electrode. From the 
experimental results, it is observed that more smooth surfaces are produced during machining of Ti-6Al-
7Nb alloy with conventional copper (99%Cu) electrode. Initially, the SR increases with increase in pulse on 
time. Larger time of sparking responsible for producing deeper and wider craters on the work surface. But 
more smooth surfaces are produced at higher pulse on time value. This is due to an expansion of plasma 
channel at higher pulse duration, due to which the energy density of discharging spots decreases which are 
unable to produce deeper cavities and hence SR decreases. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Main effects plot for Surface Roughness (SR) and Current (I) measurement. 
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Conclusion 
The input parameters have been taken as Pulse on Time, Current, Voltage and the output parameters are 
MRR, TWR, WR, and SR. The experimental research work carried out on positive polarity on EDM. Within 
the experimental range following conclusions can be drawn: 
 

 In conducting experiments the peak current is varied from 2 amperes to 30 amperes and the other 
parameters pulse on time, polarity, electrode kept constant. It was observed that the material 
removal rate increases with the peak current value up to 30 amps the optimal MRR took place at a 
peak current value of 30 amps. 

 The voltage (V) is varied from 30V to 90V while the values of other parameters are kept constant. The 
value of material removal rate is highest with the voltage at 60V. Keeping the entire factors constant, 
resulting in bigger craters on the work surface. Machining rate will also increase as shown increase 
when others parameters kept constant. With the increases in voltage the material removal rate 
increases. The best results occur at 60V. 

 The pulse on time (Ton) is varied from 20 µsec to 400 µsec, while the values of other parameters are 
kept constant. With increases in pulse on time the material removal rate increases. The optimum 
results occur at 150 µsec. 

 With the increase in peak current the erosion of electrode tool wear rate also increases. It may be due 
to the reason that higher current makes the more electrons bombardment on a workpiece and causes 
high heat energy which erodes the more electrode material. 

 The effect of voltage also impact on the material removal rate and tool wear rate. The lowest wear 
ratio for Ti-6Al-7Nb occurs at 60V. 

 The Surface Roughness (SR) objective, smaller the better, So from the experiment observation 3.1Ra 
is the smaller value for biomedical implant application on 11amp current, 90 voltage and 150 pulse 
on time. 

 

Future Scope 
The titanium-based alloys are most important biomaterial for the human biomedical implant. It is clear from 
the above literature review, Ti-6Al-7Nb is also accepted alloy for biomedical implants, thus, in future needs 
more research on Ti-6Al-7Nb biomedical titanium alloy for improving the application and Human-friendly 
approach. 
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