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Abstract: Increasing demand in industries to manufacturing 

the complex geometric shape and hard materials parts is 

extremely difficult to cut by the conventional machining process. 

The non-conventional machine is used for the manufacturing of 

3D complex and geometry shapes without compromise the 

required specification. Electro discharge machining (EDM) is a 

non-traditional machining process, which is very widely used in 

recent days. EDM process is electrical and thermal energy 

generated between work piece and an electrode. The major 

applications are dies, moulds, aerospace parts, automotive 

industry, and surgical components. The human implant materials 

like Stainless Steel, Titanium and Co-Cr based alloys are widely 

used in biomedical fields. This paper shows that fundamental 

studies on electrical discharge machining (EDM), Wire electrical 

discharge machining (WEDM) and human implant materials 

with newly developed advance technologies in the current 

scenario. 

 
Keywords : EDM, WEDM, Implant, Stainless steel, Titanium, 

Co-Cr alloy.  

I. INTRODUCTION 

A. Electrical Discharge Machine 

Electrical discharge machining (EDM) is one of the 

non-traditional process used for manufacturing varies parts in 

industries. It is producing micro and macro dimensions 

products economically and accurately. In current industries 

developed machining concept like EDM with computer 

numerical control (CNC) & four axis servo- controllers in 

EDM machine tool. EDM is the process for manufacture of 

complex 3D shapes the current research is focused on this 

process. 

EDM is a process to machine hard material easily 

without compromise requirements. The conductive work 

piece only used for machining process, because the electrical 

and thermal energy to remove the materials by melting & 

evaporation [1]. The tool and work piece are maintain gap to 

generate a spark and remove the material. The tool immersion 

directly placed in work piece to produce the final shape. The 

following merits are avoid cutting force, avoid burrs on work 

 
.  
Revised Manuscript Received on December 05, 2019.  

* Correspondence Author 

S.Sivakumar, Department of Mechanical Engineering, School of 

Automotive and Mechanical Engineering, Centre for Surface Engineering 

Kalasalingam Academy of Research & Education, Virudhunagar Dist, 

Tamilnadu, India. Email: sivakumar@klu.ac.in 

Adamkhan.M*, Department of Mechanical Engineering, School of 

Automotive and Mechanical Engineering, Centre for Surface Engineering 

Kalasalingam Academy of Research & Education, Virudhunagar Dist, 

Tamilnadu, India. Email: adamkhan.m@klu.ac.in 

Winowlin Jappes .J.T, Department of Mechanical Engineering, School 

of Automotive and Mechanical Engineering, Centre for Surface Engineering 

Kalasalingam Academy of Research & Education, Virudhunagar Dist, 

Tamilnadu, India. Email: winowlin@klu.ac.in 

materials, cut any conductive hard materials, corrosion free 

on machine setup, etc. the limitations are tool wear and high 

machining time [2, 3]. Table I selection of tool Materials in 

EDM. Tool materials such as brass, copper, tungsten carbide 

(WC), tungsten copper alloy (Cu W), cast iron, steel, zinc 

based alloy and copper graphite are used as electrode material 

for EDM because of their good wear characteristics and their 

ability to be machined in cutting process [4]. 

 

Table- I: Selection of tool materials in EDM [4] 

S.NO 
Electrode 

Material 

Material 

removal rate 

Fabrication Cost 

1 
Copper High on rough Easy High 

2 Brass High on finish Easy low 

3 Tungsten low Difficult High 

4 
Tungsten 

copper alloy 

low Difficult High 

5 Cast iron low Easy low 

6 Steel low Easy low 

7 
Zinc based 

alloy 

High on rough Easy High 

8 
Copper 

graphite 

High on finish Difficult High 

 

Work piece materials such as, grade of hard steel, 

tungsten carbide, titaninum, inconel etc. The desired 

properties of work piece for maximum materials removal are 

low thermal conductivity, high electrical conductivity, low 

melting and boiling point etc. 

The tool and work piece are maintained gap and act as an 

insulator using dielectric medium. When the applied electric 

field reaches the dielectric strength of medium, dielectric will 

break down to cause large current to flow. Commonly used 

dielectrics are air, liquid or gas. The basic classification of 

dielectric is polar dielectric and non-polar dielectric [5]. A 

polar dielectric will have a dipole and so it gets polarized very 

fast on application of electric field. Water and ammonia are 

examples of polar dielectric medium. Alternatively, non-polar 

dielectric does not have a dipole and hence have larger 

polarization time. Benzene, mineral oils, EDM oil, etc., are all 

non-polar dielectric media. The necessary properties of a 

good dielectric are low viscosity, high flash point, low 

dielectric strength, low volatility, etc [6] an important element 

of EDM process is power supply and it is based on either 

resistance capacitance (RC) circuit or transistor circuit [7] the 

various elements of EDM are depicted by a schematic 

diagram in Fig 1. Along with these elements, a good EDM 

machine will require a servo control mechanism. This 

mechanism is based on limiting reference voltage value to 

maintain a constant gap [8].  
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It is well known that for a given applied voltage, the 

breakdown voltage increases or decreases with the gap. When 

the tool is closer to the workpiece, the breakdown voltage will 

be smaller than the reference voltage and hence the servo 

control will retract the tool away from the workpiece. 

 
 

Fig. 1. Sinking electrical discharge machine [2] 

While when the gap is large, the breakdown voltage will 

also be large and so the servo control will feed the tool closer 

to the workpiece till the breakdown voltage reaches the 

reference value. This mechanism maintains a constant gap 

during the process and ensures continuous normal discharge 

[9] 

B.  Wire Electrical Discharge Machine  

In recent years is one of the most popular techniques of 

non-conventional machining to manufacturing parts.  It can be 

produced small radius concave and convex parts. The 

machining process like wire acts as tool passing current to cut 

work materials by generation of spark. [10]. Experiments 

made on titanium materials the effect of input parameters such 

us pulse on time. Pulse off time, voltage, wire feed, current 

and wire tension. In this research observed that pulse width 

and current are affect the surface roughness and cutting speed 

[11]. The superior mechanical property materials Inconel 718 

machined by WEDM. The pulse on time was generated the 

discharge energy. Increasing and decreasing the energy mode 

to cut high and low material removal in work piece [12]. The 

cutting rate affected another factor like voltage and pulse off 

time. The gap between work piece and tool is maintained 

depends upon the voltage parameter. The velocity of electrons 

is increasing and decreasing to given voltage level. The higher 

voltage increasing speed of electrons to increases the gap and 

decreases cutting rate. The lower voltage is decreasing speed 

of electrons to decrease the gap and increases cutting rate 

[13]. After discharge energy the pulse off time is allowed to 

dielectric fluid remove the eroded material during the off 

cycle [14]. S.Abdulkarrem et al, compare and analyzed that 

surface qualities in wet and dry WEDM. A wet WEDM 

surface quality is better than Dry WEDM. Oliver et al 

reported that compare copper – brass electrode wire and 

molybdenum wires in WEDM process [15]. The quality of 

surface finish analyzed in machined samples [16]. Farnaz et al 

investigated the zinc coated and uncoated brass wire in 

WEDM process. The surface roughness, cracks and craters 

decreases with help of zinc coated brass wire [17]. Fabio et al 

reported that deionised  water and hydrocarbon  based di 

electric fluids are compared in WEDM process. In this 

investigation the deionised water is found to be more suitable 

for machining steel. Because the deposition of carbon over 

the machined surface has been significantly reduced while 

using deionised water [18]. Schematic diagram of WEDM  fig 

2. 

 

Fig. 2. Schematic diagram of WEDM [2] 

C. Implant Materials 

Bone is help to safe human organs, protect against external 

loading and link frame work support to kinematic motion 

[19]. The implant is support to help fast healing, tissue 

formation triggering and regain original shape [20]. Shalabi 

review that the effect of surface roughness to increase and 

decrease bone healing [21]. Biocompatibility implant 

materials only allow using human living systems. Compatible 

implant minimum shear stress reacted with bone and tissue 

[22].After implantation the protein layer surrounded with 

implant and provide link between material surface and 

biological responses [23]. In the field of biomedical industries 

following materials used in human body such as metals, 

ceramics, glasses, polymers and composites[24]. Common 

metallic biomaterials are stainless steel, Co based alloy and 

titanium based alloy. Implant grade stainless steel 316L are 

manufactured special way such us vacuum melting (VM), 

Vacuum arc re-melting (VAR) or electroslag refining (ESR) 

are used to increasing corrosion resistance. Most widely used 

for bone screws, bone plates, rods etc [25]. The Co based 

alloy has higher wear resistance than that of both stainless 

steel and titanium alloy.  Co based alloy are used to fabricate 

knee and hip joint for higher strength [26]. Titanium based 

alloy has a low density, high ductility and high strength 

material. The titanium grades are varies depends upon the 

minimum difference between oxygen and iron content. It is 

very effective binding with fractured bone, corrosive 

resistance, avoid toxic formation and long period of time in 

human body [27]. 

 

Fig. 3. Types of bone implant materials used in human  
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II.  DISCUSSION  

In this literature review that to explore in detailed about 

electrical discharge machining process, wire electrical 

discharge machining process and commercially available 

implant. The mechanical and biological properties, bone and 

tissues formations such as those previously discussed. The 

further discussions are electrical discharge machining process 

on implant materials. 

Stainless steel material one of the cheapest implant used for 

biomedical application. In this study stainless steel 316L and 

copper impregnated graphite act as work piece and electrode. 

The input process parameter influences investigated in 

electrical discharge machining process [31].Durairaj et al 

optimized and analyzed that effect of process parameters to 

obtained good surface qualities and kerf width using WEDM 

process [10]. Raju et al found that WEDM optimal parametric 

combination of input parameters such us pulse on time, peak 

current and servo voltage for obtained good surface finish 

[32].Co-Cr alloy and grade II cpTi alloys are machined two 

different machining processes such as EDM and conventional 

machine finally analyzed the corrosion resistance [33]. The 

developed finite element model and develop constitutive 

model on Co-Cr alloy [34]. In this experimental study SMA 

are Ti50Ni50 and Ti50Ni49.5Cr0.5 act as a work material 

pure titanium pipe act as electrode. Nitrogen gas is used as a 

dielectric medium in dry EDM process. The Cr was added to 

decrease the martensite temperature and found that low 

surface roughness [35].Compare and optimized machining 

process parameter on stainless steel and titanium implant 

using EDM process. The duty cycle and pulse on time major 

contribution on MRR, tool wear and radial overcut [36]. The 

colorful oxide film added successfully on titanium using 

EDM process. The different colors produce on titanium 

surface with change of voltage EDM process [37]. Ti6Al4V 

alloy were studied different particle size (3, 10, 15 µm) 

special graphite electrode using EDM. The observed that 10 

µm graphite electrode shows good result in MRR, surface 

roughness and volumetric wear [38]. The TiNiCu shape 

memory alloy invested the effect of process parameter using 

WEDM.The increasing pulse on time, peak current and wire 

feed are increases the surface roughness, MRR and tool wear, 

The better surface finish observed that low pulse on time, 

current and high pulse off time [39]. The surface roughness 

major role plays in cell attachment and bone growth in 

bone-dental implant [40]. 

 The five different dielectric fluids were investigated such as 

gas, air, oxygen, deionized water and oil. It is observed 

different carter formed in every dielectric fluid machined 

surface [41]. Investigated the silicon powder mixed dielectric 

fluid of EDM significantly reduces surface defects and 

increased surface quality [42]. The two mechanical surface 

treatments are ultrasonic and abrasive blasting to improve 

surface integrity and reduce damage EDM machined samples 

[43]. The Ni-Ti based shape memory alloy machined by 

hybrid machining process like laser and micro-EDM. It is 

suggested that high MRR using laser process and good 

surface quality using mirco-EDM [44]. The mathematical 

model was developed and optimized machining parameters 

on nitinol shape memory alloy using WEDM process [45]. 

III. CONCLUSION 

The introduction of EDM is an electro thermal 
non-conventional machining process discussed in detailed. In 
current industries, high hardened materials are developed in 
research areas. It is easy to manufacture hard materials 
economically and accurately. EDM process essential and 
valuable role in manufacturing tool room parts.   
 
Produced high complex and concave shapes accurately in the 
WEDM process. The effect of process parameter major 
contribution in output responses such as surface roughness 
and MRR. It is found that effective and efficient machining 
for hard materials. 
 
In biomedical implants fundamentals, research and 
development of metallic materials studied in detail. The 
Selection of materials is very important to avoid metal 
–related toxicity and corrosion in the body. The development 
of the implant is highly compatible for a living system. 
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