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ABSTRACT 

 

This paper presents investigation on the alloying 

capability of Cu-TaC electrode during electrical 

discharge machining (EDM). The electrode 

produced through powder metallurgy technique 

was used in machining alpha-beta titanium alloy 

(Ti-6Al-4V) under different machining 

conditions. EDM experiments were conducted 

with distilled water as dielectric fluid. The peak 

current range of 3.5-5.5A and pulse duration of 

3.3 - 5.3µsec were the machining conditions 

used as variables, while other conditions 

remained constant. The outputs of this 

investigation are surface composition, 

topography and surface roughness of the 

machined surface. The SEM/EDX results 

indicate that the machined surface was alloyed 

with carbides and oxides. Both the topography 

and surface roughness were found to have been 

affected by the machining conditions of current 

and pulse duration. 

 

Keywords: EDM, Surface topography, Surface 

roughness, Ti-6Al-4V, Surface alloying, Cu-

TaC electrode. 

 

1. INTRODUCTION 
 

Electrical discharge machining (EDM) is one of 

the non-conventional techniques used in 

machining electrically conductive work 

materials that are mainly difficult to be 

machined. This technique is widely used in 

modern manufacturing industry to remove 

material from workpiece through a series of 

electric sparks occurring between the pair 

(cutting tool and the workpiece). The capability 

of the sparks to erode the work material 

regardless of its hardness is a unique advantage 

in manufacture of moulds, dies automotive, 

aerospace and surgical components (Ho and 

Newman, 2003; Lee and Yan, 2000). 

The major outputs of an EDM process 

are material removal rate (MRR) and surface 

integrity of the workpiece. Quite a number of 

research works have been carried out to seeking 

to improve the efficiency and effectiveness of 

this machining process towards enhancing these 

outputs. In their study on EDM of cemented 

carbide, Banerjee et al. (2009) found out that 

sufficient super-heating and surface boiling of 

the workpiece is essential for efficient material 

removal. Lin and Lee (2008) introduced 

magnetic force-assisted EDM to facilitate the 

removal of debris built up during machining. 

They were able to obtain more than three times 

MRR and better surface finish than in the 

conventional machining. 

 Recent studies are moving towards the 

use of numerical modelling to improve the 

EDM process variables. Machining variables 

have been used by Puerta et al. (2004), Zhou et 

al. (2008) and Saha and Choudhury (2009) to 

established empirical relationships with the 

output variables – the MRR, electrode wear rate 

(EWR) and surface roughness (Ra). Their 

models were able to generate optimal regions 

for these variables. 

 The electrodes’ characteristics also 

affect the level of surface finish of the 

workpiece. Marafona and Wykes (2000) 

obtained higher MRR with a two-stage EDM 

system. Carbon was migrated from dielectric 

fluid onto tungsten-copper electrode tip in the 

first stage to reduce the electrode wear and 

enhance the MRR in the second stage. The 

equivalent carbon which increased on the tool 

surface in the first stage accounts for the 

decrease in EWR (Marafona, 2007). The low 

MRR and TWR of the tungsten-copper 

electrodes also enable it to be used for 

production of accurate geometries and “mirror-

like” surfaces micro-finishing (Ferreira, 2007).  

 Surface modification/alloying of the 

workpiece through EDM is one of the recent 

innovations in the machining process. This can 

be achieved through the use of conductive 

powders suspended in dielectric fluids (Pecas 

and Henriques, 2003; Khan et al, 2012), or by 

machining with powder metallurgy (PM) 
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electrodes during the EDM (Simao et al., 2003; 

Lee et al., 2004;  Ho et al., 2007). 

 This paper presents the investigation 

on the alloying capability of Cu-TaC composite 

electrodes. The electrodes produced by PM 

method were used to machine alpha-beta!

titanium alloy (Ti-6A-4V). Though extensively 

used in aerospace industry, biomedical and 

corrosive environment, the alloy has poor 

abrasive and adhesive wear resistance. Since 

EDM is one of the main techniques used in 

processing this material, the possibility of 

improving it through surface alloying during 

machining is therefore explored. The machining 

performance of these electrodes was earlier 

reported in terms of MRR and TWR by the 

authors (Ndaliman et al., 2011). The outputs of 

this investigation are the EDMed surface 

composition, topography and roughness. 

 

2. EXPERIMENTAL DETAILS  

 

2.1 Equipment and materials 

 

A die sinking machine of Mitsubishi EX 22 

model was for machining. A special 

arrangement was made in which a separate 

machining tank is placed inside the work tank 

was made. The dielectric fluid is distilled water, 

while kerosene is contained in the normal work 

tank. The electrode material was made from Cu 

and TaC powder through PM technique. Their 

composition is 50/50 % and compacted at 3,500 

psi pressure. The work material used in the 

investigation is the alpha-beta titanium alloy 

(Ti-6Al-4V). The summary of the equipment 

used, materials and machining settings is 

presented in Table 1. 

 

Table 1 Experimental and Machining 

Parameters used 

 

 

2.2 Procedures 

 

The workpiece was cut into 100mm X 35mm 

rectangular dimension milled to the desired 

smoothness and the electrode fixed to the 

holder. The prepared distilled water was placed 

in the machining tank. The machining was done 

according to the settings shown in Table 1. The 

experimental runs were planned and 

implemented using 2 X 2 factorial design with 

three replicates. While the work tank was filled 

with kerosene dielectric, the machining tank 

contains the distilled water as dielectric. Figure 

1 shows the machining process being 

conducted.  

 

 
 

Figure 1 The experimental set-up 

 

After, machining, the surfaces were 

examined, cut and prepared for further analysis. 

The surface composition and topography were 

examined with the use of scanning electron 

microscope (SEM) and energy dispersive X-ray 

spectroscopy (EDX). The surface roughness 

was determined with Mitutoyo Surftest SN 100. 

Three readings were taking for each sample, and 

averages of Ra were recorded. 

 

3. RESULT AND DISCUSSION 

 

3.1 Surface Composition  

 

The surface of the workpiece was examined for 

modifications, and changes were found in the 

topmost part of the surface. Table 2 shows 

comparison of the composition of the EDMed 

surface under the two extreme machining 

conditions. The lower extreme condition is the 

surface machined with peak current (Ip) of 3.5A 

and pulse duration (ton) of 3.3 µsec, while the 

highest one is the composition of the surface 

machined with Ip of 5.5A and ton of 5.3 µsec.  

Working 

Parameters Description 

EDM 

equipment 

A Mitsubishi sinking machining 

model EX 22 

Workpiece Titanium alloy (Ti-6Al-4V) 

Electrode 

 

Cu-TaC composite electrode; 

50-50% composition; and 3,500 

psi pressure; Φ13mm 

 

Dielectric 

fluid 

Distilled water. 

EDM 

programme 

Polarity (-); peak current,  Ip: 

3.5-5.5A; pulse duration,  ton: 

3.3-5.3 µsec; pulse interval,  toff: 

3.3-5.3 µsec; gap voltage, Vg: 

20V  
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Table 2 Composition of the machined surface 

 

 
  

Figure 2 EDX spectra analysis of workpiece 

machined with Ip-3.5A and ton-3.3µsec. 

 

Sample of spectra image of the 

workpiece also confirmed the presence of Cu, 

Ta, O and C in addition to the parent material 

titanium (Figure 2). The presence of these 

elements implies that migration of materials has 

taken place from the tool material and dielectric 

fluid onto the workpiece, thus alloying the 

surface with the oxides and carbides of titanium 

or tantalum. There is the possibility of 

formation of TiC and TiO layers on the surface 

because of the presence of the carbide and oxide 

ions during the discharging process. Chen et al. 

(1999) also obtained similar compounds (TiC 

and TiO) while machining with kerosene and 

distilled water as dielectric fluids. These 

hardened layers are capable of enhancing wear 

resistance and micro-hardness of the surface 

(Yan et al. 2005). 

 

3.2 Surface Topography 

 

The scan images of the EDMed surface 

under different machining conditions are 

presented in figures 3 – 5. Theses surfaces are 

characterized by various degrees of micro-

cracks and craters depending on their machining 

conditions. At lower peak currents and pulse 

durations, the surfaces generally exhibit some 

small size cracks with little or no craters (Figure 

3). This phenomenon conformed to the previous 

findings (Khan, et al., 2012). 

At higher machining conditions (Ip-5.5A, 

to - 5.3µsec) the number of micro-cracks 

reduces, but with increase in sizes while the 

craters’ number also increase (Figure 4). This is 

because higher currents and pulse duration 

increase intensity of spark discharges which 

leads to increasing sizes of the cracks and also 

increase in number of the craters. Figure 5 gave 

the best surface topography. The surface was 

machined with peak current of 3,5A and pulse 

duration of 5.3 µsec. Therefore a compromise of 

the machining conditions could provide the 

desired surface topography. 

 

Figure 3 Topography the surface machined with 

Ip-3.5A, to -3.3µsec. 

 

 
 

Figure 4 Topography the surface machined with 

Ip-5.5A, to -5.3µsec. 

Machining 

settings 

Ip-3.5A,  to-

3.3µsec 

Ip-5.5A, to-

5.3µsec 

Element (%)    

C  18.25 17.04 

O  32.37 28.43 

Ti  19.57 12.37 

Cu  13.03 17.43 

Ta  16.78 24.74 

Micro-cracks 

Micro-crack 

Craters 
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Figure 5 Topography the surface machined with 

Ip-3.5A, to -5.3µsec. 

 

3.3 Surface Roughness 

 

Table 3 shows the design matrix of the 2 X 2 

factorial experiments use in determining the 

surface roughness of the EDMed workpiece. 

Since it is conducted in three replicates, a total 

of twelve readings were recorded. 

 

Table 3 The design matrix and the surface 

roughness 

 

As expected the surface roughness (Ra) 

is lower at low peak current and pulse duration. 

Similar reasons adduced for the surface 

topography also applied to the roughness. The 

one factor plots of figure 6 indicate that each of 

peak current and pulse duration varies directly 

with the Ra. The general behaviour of Ra is 

illustrated in response surface plot of Figure 7.  

 

 

 

 
 

   a. 

 

 
 

Figure 6 One factor plots of Ra of the EDMed 

surface: a – Ip = 4.5A, b – to = 4.3 µsec. 

  

The surface plot confirms the trend 

showing gradual increase from smooth to 

roughest surface. The Ra for the EDMed surface 

ranges between 6 - 14µm. The factor of increase 

in discharge intensity leading to higher thermal 

energy which causes higher erosion, account for 

the rougher surface at such extreme machining 

conditions. The force which removes the melted 

materials become high, subsequently it leads to 

creation of deeper and wider craters. 

 

 

 

 

DESIGN-EXPERT Plot
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Figure 7 3-D surface plot of Ra of the EDMed 

surface. 

 

4. CONCLUSIONS 

 

The alloying capability of Cu-TaC electrode 

was investigated with distilled water dielectric 

fluid during EDM. The conclusions can be 

drawn:  

· Based on the SEM / EDX results, the 

EDMed surface were alloyed with both 

carbides and oxides during machining. 

· Small size micro-cracks with few 

craters were observed at lower 

machining conditions of current and 

pulse duration. However, the number 

of craters and their sizes increase and 

that of micro-cracks reduce at higher 

machining conditions. The optimal 

machining parameter which is between 

the two extremes gave the best surface 

topography. 

· The surface roughness of the EDMed 

surface is lower at low peak current 

and pulse duration and vice versa. 

· Current efforts are on investigation of 

the wear resistance and micro-hardness 

of surface properties 
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NOMENCLATURE 

 
EDM – electrical discharge machining 

MRR – material removal rate g/min 

TWR – tool wear ratio dimensionless 

SEM – scanning electron microscope 

EDX – energy dispersive X-ray spectroscopy 

Ip – peak current A 

ton – pulse duration µsec 

toff – pulse interval µsec 

Ra – surface roughness value µm 

Φ – electrode diameter mm 

Vg – gap voltage V 


