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ABSTRACT

The electrical discharge machining removes workpiece by an electrical spark erosion
process. The variations in the machining parameters, such as polarity, pulse-on time,
open discharge voltage, discharge current and dielectric fluid greatly affect the measures
of the machining performance, for example surface roughness, EWR and MRR.
Therefore, proper selection of the machining parameters can result in better machining
performance. The surface phenomena that occur by EDMed were studied under different
machining parameter. The machining parameters selected are current, voltage and jump
speed. Experimental result indicate that the higher the discharge energy, the faster the
machining time which will influences the resolidified surface layer and worsens the
surface roughness.
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ABSTRAK

Permesinan Nyahcas Elektrik membuang benda kerja melalui proses hakisan percikkan
bunga api. Variasi parameter dalam permesinan adalah, kekutuban laksana, nadi masa,
voltan pemberhentian terbuka, arus elektrik dan dielektrik bendalir dimana menjejaskan
prestasi permesinan, seperti kekasaran permukaan untuk EWR dan MRR. Oleh itu,
pemilihan parameter yang sesuai dapat menghasilkan prestasi permesinan yang baik.
Fenomena permukaan yang disebabkan oleh permesinan EDM telah dipelajari di bawah
parameter yang berbeza. Parameter permesinan terpilih adalah arus elektrik, voltan dan
lompatan kelajuan. Hasil percubaan menunjukkan bahawa lebih tinggi tenaga luahan,
lebih cepat masa permesinan dan mempengaruhi penyejukkan lapisan permukaan. Ini
memberi kesan kerosakkan permesinan pada lapisan penyejukkan dan merosakkan
kekasaran permukaan.
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CHAPTER 1
INTRODUCTION

1.0

Introduction
Electric discharge machining provides an effective manufacturing technique that

enables the production of parts made of special materials with complicated geometry
which is difficult to produce by conventional machining processes. Controlling the
process parameters to achieve the required dimensional accuracy and finish placed this
machining operation in a prominent position.
Electrical Discharge Machine (EDM) is a non traditional manufacturing process
based on removing material from a part by means of a series of repeated electrical
discharges between tool, called the electrode, and the part being machined in the
presence of a dielectric fluid. (Luis et al. 2005)
At present, EDM is a widespread technique used in industry for high-precision
machining of all types of conductive material such as metals, metallic alloy, graphite, or
even some ceramic material, of any hardness. The melting point, hardness, toughness, or
brittleness of the material imposes no limitation. It thus provides a relatively simple
method for making holes of any desired cross section in material that are too hard or
brittle to be machined by most other method (DeGarmo et al. 1997)
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They are virtually zero forces between the tool and the workpiece, so that very
delicate work can be done. The process leaves no burrs on the edges. Its use has
expanded very rapidly and now it is widely used to produce large body-forming dies in
the automotive industry. (DeGarmo et al. 1997)
The process doesn’t involve mechanical energy, the hardness; strength and
toughness of the workpiece material do not necessarily influences the removal rate. The
frequency of discharge or the energy per discharge is usually varied to control the
removal rate, as are the voltage and current. The removal rate and surface roughness
increase with increasing current density and decreasing frequency of spark.
The most important machining performance of EDM are the removal rate, the
electrode wear, accuracy and surface texture. In this paper the effect of cutting
parameters on workpiece surface layers in the die sinking electrical discharge machine is
discussed.

1.1

Statement of the Problem
Modern EDM machinery is capable of machining geometrically complex or hard

material component, that are precise and difficult to machine such as heat treated tool
steels, composites, super alloy, ceramic, etc. Surface finish produce on machined surface
plays an important role in production. It becomes more desirable so as to produce a
better surface when hardened materials are machined, requiring no subsequent polishing.
Successive electrical discharges occur at high frequencies, and each discharge
result in a tiny crater both on the tool and the workpiece surface. Surface textures
created by the sparks have matte appearance covered by shallow craters, debris particle
that resolidified after the discharged, and the pockmarks formed by entrapped gasses
escaping from the resolidifying material. (A.Kadir et al. 2002)
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1.2

Objectives
The purposes of this project are:

i.

To evaluate the quality of the surface layer produce by different EDM
parameters.

ii.

To find the significant machining parameter that influences the surface
roughness using orthogonal array approach.

iii.

To characterize the morphology of EDMed surface of different machining
parameters

1.3

Scope

According to the objective, the selected scopes for this project are:
i.

To understand the EDM die sinking machining process.

ii.

To obtain the surface finish by EDM die sinking with copper electrode.

iii.

Study the effects of surface layer on the workpiece by using Scanning Electron
Microscope (SEM)

iv.

Apply the design of experiment (DOE) and ANOVA approach to analyze the
most significant factor that influences the machining performance.
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CHAPTER 2
LITERATURE REVIEW

2.1

Electrical Discharge Machine (EDM)
Electrical discharge machining (EDM) is one of the most extensively used

non conventional material removal processes. Its unique feature of using thermal
energy to machine electrically conductive parts regardless of hardness has been its
distinctive advantage in the manufacture of mould, die, automotive, aerospace and
surgical components.
EDM does not make direct contact between the electrode and the workpiece
eliminating mechanical stresses, chatter and vibration problems during machining.
The basis of EDM can be traced as far back as 1770, when English chemist Joseph
Priestly discovered the erosive effect of electrical discharges or sparks. (Newman et
al. 2003)
However, it was only in 1943 at the Moscow University where Lazarenko
exploited the destructive properties of electrical discharges for constructive use. They
developed a controlled process of machining difficult-to-machine metals by
vapourising material from the surface of metal. The Lazarenko EDM system used
resistance–capacitance type of power supply, which was widely used at the EDM
machine in the 1950s and later served as the model for successive development in
EDM. (Newman et al. 2003)
The basic EDM system consists of a shaped tool (electrode) and the
workpiece, connected to a dc power supply and placed in a dielectric (electrically
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nonconducting) fluid (Figure 2.1) .When the potential difference between the tool
and the workpiece is sufficiently high, a transient spark discharge thorough the fluid,
removing a very small amount of metal from the workpiece surface (Figure 2.2).
The capacitor discharge is repeated at rates of between 50kHz and 500 kHz, with
voltages usually ranging between 50V and 380V and current from 0.1 A to 500 A
(Serope et al. 2001).

Figure 2.1: Schematic illustration of the electrical-discharge machining Process.
(Serope et al. 2001)

Figure 2.2: A controlled spark discharge removes a very small particle of metal
during each electrical discharge (Serope et al. 2001).
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2.2

Die-Sinking EDM
Die sinker or sinker EDM a common name for vertical EDM. Taken from the

antiquated cavity- making process called hobbing. Hobbing is the process of forcing
a pre hardened tool steel shape or hob into the workpiece material under great
pressure, effectively cold-forming a cavity for a die or mold. This process was called
sinking, a die or die sinking, so the term “sinker” for EDM evolved naturally because
an electrode was sunk into the workpiece instead of a hardened hob (Bud et al.
1997).
RAM EDMing machines are also referred to as die sinkers or vertical EDMs
and range in sizes and automation from manual operating table top systems to large
CNC ones. A ram EDM a number of main subsystems:
i.

Power supply

ii.

Dielectric fluid

iii.

Electrode

iv.

Servo system

The power supply provides series of DC current Electric discharges between the
electrode and the work piece. It also controls:
i.

Pulse voltage

ii.

Current

iii.

Pulse frequency

iv.

Electrode polarity
The die sinking EDM, Figure 2.3 has a cutting tool (electrode) shaped to the

form of the cavity, mounted in the ram of machines. The electrically conductive
workpiece is fastened to the machine table below the electrode. The DC power
supply produces a series of short, high-frequency electrical arc discharge between the
electrode and the workpiece. This action removes (erodes) tiny particle of metal from
the workpiece and as the process continues, the electrode reproduces its form in the
workpiece. (Krar et al. 1998)
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Figure 2.3: Ram-type EDMs plunge a tool, shaped to the form of the cavity
required, into a workpiece (Courtesy of Kelmar Associates).

2.3

Principle of Die sinking EDM
According to Krar, the principle of spark erosion was just followed. The

workpiece and the tool (electrode) are placed in a working position in such a way
that they do not touch each other. The cutting process takes place in a tank where the
tool and work are separated by gap that is filled with an insulating fluid.
The workpiece and the tool are both connected to a DC power supply with a
cable. When the switch on one cable lead is closed, an electrical potential is applied
between the tool and work. Initially, no current flow because the dielectric fluid
between the tool and work is an insulator.
As soon as the gap between them is reduced, a spark jumps across the gap
and highly heats a very small area of the work material. The current is then
automatically shut off and the discharge channel collapses very quickly. The molten
metal on the surface of the material evaporates explosively, forming a small crater
(Krar et al. 1998). Figure 2.4(a) shows the control spark removes metal during
electrical discharge machine of RAM or Die sinking EDM.
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(a)

(b)

Figure 2.4: (a) Control spark removes metal during electrical discharge machine (by
Technical Service Department-Brush Wellman Inc.); (b) Erosion process: ball-screw
die-sinker (Zhao et al. 2003)
The metal particles are washed away by the dielectric fluid and the process is
repeated many times per second. As one discharge follows another, the crater
continues to get bigger, taking the shape of the electrode.
Figure 2.4 (b) shows the die-sinking process of the conventional ball-screw
driven EDM, in which the electrode moves up and down slowly along with auxiliary
flushing required for removal of debris. When machining very deep and narrow
features such as a hole, the slow movement of the electrode does not efficiently expel
the eroded debris from the electrode/workpiece interface. (Zhao et al. 2003)

2.4

Die Electric Fluid
Oils have been used as dielectric fluid as long as the process has existed, but

only in the past decade have any appreciable researches or scientific approaches been
made as to their composition and compatibility with people and the environment.
There are many different types of fluid available. Typically, fluids with parrafinic,
napthenic and aromatic bases are used (Bud et al. 1997).
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