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Abstract-Electrical discharge machining (EDM) is a process for shaping hard metals and forming deep complex
shaped holes by arc erosion in all kinds of electro-conductive materials. The objective of this project i udy the
influence of operating parameters of EDM on the machining characteristics such as surface quality,
rate and electrode wear. The effectiveness of EDM process is evaluated in terms of the material remo the refative

wear ratio and the surface finish quality of the work piece produced. It is observed that co is most
suitable for use as the tool electrode in EDM. Better machining performance is obtained generally Wi e electrode
as the cathode and the work piece as an anode. In this Project, a study was carried e ipfluence of the

parameters such peak current, power supply voltage, pulse on time and pulse off time.
Keywords: EDM, Electrode, Cathode, Anode, Current, Voltage

1. INTRODUCTION

In the manufacturing industries, various machining processes are adopted fo ving the material from the
work piece to obtain finished product. Due to demands for alloy materials hﬂng high hardness, toughness and
impact in aerospace and automotive industries; it is very difficult t ventional machining methods to
remove the material from the work piece. During the conventi ng process, direct mechanical contact
between the tool and the work piece takes place to remove t ich often causes undesired changes in

the properties of work piece and tool wear, due to this uction increases. The innovative materials such
as super-alloys, composites, ceramics and manygothe aterials, which are difficult to or cannot be
machined by conventional machining methods, regui anufacturing technologies. These engineering
challenges facilitated the development of unQ)nve manufacturing processes. Mainly this project is based on
various parameter’s effect on surface roughnes w a days finishing is the main object of any product. In
EDM, surface roughness and Material removal ratehi ite to each other, so to maintain both and get better

performance this research is done in laboratory.
2. SURFACE ROUGHNESS

If this deviation is large, the surface is said to be rough and if they are
minor, the surface is smo DM machining, the melted material is not flushed away completely and the

lor Hobson, Surtronic 3+). Surface roughness measuring device i.e. Profilometer or
Talysurfis anel e that is used to calculate the surface roughness.

rk-piece machining surface when it moves up and down with respect to minute difference of
voltage lified and the roughness is calculated. The measurement is taken during the forward motion of the
stylus. Profilometer is a very delicate instrument and it should be used very carefully [8].

3. ELECTRIC DISCHARGE MACHINING

Electrical discharge machining (EDM) is one of the earliest non-traditional machining processes. EDM process is
based on thermoelectric energy between the work piece and an electrode. A pulse discharge occurs in a small gap
between the work piece and the electrode and removes the unwanted material from the parent metal through
melting and vaporizing. The electrode and the work piece must have electrical conductivity in order to generate the
spark. There are various types of products which can be produced using EDM such as dies and moulds. Parts of
aerospace, automotive industry and surgical components can be finished by EDM.

The non-contact machining technique has been continuously evolving from a tool and dies making process to a
micro-scale application machining alternative attracting a significant amount of research interests. In Electrical
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Discharge Machining the electrode is moved downward toward the work material until the spark gap (the nearest
distance between both electrodes) small enough so that the impressed voltage is great enough to ionize the dielectric.
Short duration discharges (measured in microseconds) are generated in a liquid dielectric gap, which separates
tool and work piece. The material in the form of debris is removed with the erosive effect of the electrical discharges
from tool and work piece. EDM does not make direct contact between the electrode and the work piece where it can
eliminate mechanical stresses chatter and vibration problems during machining [7].

4. EXPERIMENTAL DATA

The experiments have been conducted on Electric Discharge Machine M320+AZ50+D320 of JOEMERS” Taiwan
available at Mechanical Depharusat University, Changa. A pictorial view of the machine is shown in fig. 4.1.

4.1 Power Supply Requirement
>

Maximum Machining Current: 50 A.

» Total Power Input :4.5A ®
> Maximum Metal Removal Rate: 39Qgnm
» Best Surface Roughness: 0.25 Om Ra

» Electrode Wear Ratio :0.2%

» Net Weight : 180 Kg.

>

Di

Outside Dimension : 580 * 50Q* 1720
4.2 Dielectric Tank

» 1. Capacity : 240 Litets
» 2.Pump :05H.P
» 3. Filter : Paper

attachment / c{t

e paper filter, tool Box, Flushing Nozzle, Drill Chuck, Clamping Kit, Electrode
igital readouts and with provision for optional accessories like CNC-orbit cutting

Table-4.1 Machining Parameters in EDM

Fac A Units Type Subtype Minimum (+1) M(a_nl(;mum
A Voltage Volts Numeric Continuous 30 45
B Current Ampere Numeric Continuous 6 25
C Pulse on Microsecond Numeric Continuous 6 200
D Pulse off Microsecond Numeric Continuous 12 100
4.3 Non-electrical Parameters
» Injection flushing pressure
> Rotational of speed electrode
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4.4 Electrical Parameters

» Peak current

» Polarity

» Pulse duration

» Power supply voltage
» Duty Factor

Some of the most important parameters implicated in the EDM manufacturing process are the following ones:
4.4.1 On-Time (Pulse Time or t)

The duration of time (us) the current is allowed to flow per cycle. Material removal is directly proportional to the
amount of energy applied during this on-time. This energy is really controlled by the peak current an ength of
the on-time.

4.4.2 Off-Time (Pause Time or t)

It is the duration of time (us) between the sparks (that is to say, on-time). This time allows the
solidify and to be wash out of the arc gap. This parameter is to affect the speed and the 0
the off-time is too short, it will cause sparks to be unstable.

4.4.3 Arc Gap (or Gap)
It is the distance between the electrode and the part during the process of EDM. it may he called as spark gap.
4.4.4 Duty Cycle

It is a percentage of the on-time relative to the total cycle time. Thisgfarameter @calculated by dividing the on-time
by the total cycle time (on-time plus off-time). The result is multipli for the percentage of efficiency or the
so called duty cycle.

IlterYmaterial to
cut. Thus, if

4.4.6 Duty Factor

The ratio of pulse duration to pulse period, express
duty factor. The ratio of average pulse p,

centage. When expressed as a decimal, also called as
er to pgxk ulse®power. Also called duty ratio.

4.4.5 Intensity (1)
It points out he different levels of power that can%e upp yjthe generator of the EDM machine. (I) represents
the mean value of the discharge current intengity.

a

5. EXPERIMENTAL DET

der taken to investigate the effects of current, pulse on time and duty factor on the
-%The Inconel-718 metal is machined with the copper tool. Kerosene is the dielectric

Ise off time (56 microseconds) is shown in fig. 5.1.

Sriereins ow

Fig. 5.1 Plot Between Roughness and Voltage at Current (15.5 A), Pulse on Time (103 microseconds) and
Pulse Off Time (56 Microseconds)
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The result shows that the surface roughness decreases as the voltage increases from 30 V to 45 V. With the higher
voltage, the discharge time gets longer. This will lead to a wider average discharge gap. Therefore, the discharge
condition becomes more stable but the number of discharge cycles decreases within a given period. Owing to this
stable machining, surface accuracy becomes better and surface roughness value decreases[23].

Fig. 5.2 shows the effect of current on surface roughness at constant voltage (37.50 Volts), constant pulse on time
(103 microseconds) and constant pulse off time (56 microseconds).

One Factor
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B: Current (Ampere)
Fig. 5.2 Plot Between Current and Surface Roughness at Voltage (37.50 VoIMe on Time (103
Microseconds) and Pulse Off Time (56 Microseconds)
The surface roughness increases as the current increases. The highek i eapcurrent, the larger is the discharge
energy. This leads to increase in surface roughness.
The effect of pulse on time on surface roughness at copsta tage (37.50 Volts), constant current (15.5 A) and
constant pulse off time (56 microseconds) is shown in fighb.3.
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Fig. 5.3 een Pulse on and Surface Roughness at Voltage (37.50 Volts), Current (15.5 A) and Pulse

6 microseconds)

It is clear the plot that as the pulse on time increases from 6 microseconds to 200 microseconds, the value of
surface roughness also increases. The surface roughness is most affected by the amount of discharge energy which
increases with increase in pulse on-time. The surface roughness depends on the size of spark crater. A shallow crater
together with a larger diameter leads to a better workpiece surface roughness. To obtain a flat crater, it is important
to control the electrical discharging energy at a smaller level by setting a small pulse-on time. A large discharging
energy will cause violent sparks resulting in a deeper erosion crater on the surface. Accompanying the cooling
process after the spilling of molten metal, residues will remain at the periphery of the crater to form a rough surface.
Furthermore, greater discharge energy will produce a larger crater, causing a larger surface roughness value on the
workpiece [25,26].
The Influence of pulse off time on surface roughness at constant voltage (37.50 Volts), constant current (15.5 A) and
constant pulse on time (103 microseconds) is shown in figure 5. The amount of discharge energy decreases with
increase in pulse off-time. Further as the discharge energy decrease, the roughness also decreases[27].
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5.4 Plot Between Pulse on and Surface Roughness at Voltage (37.50 Volts), Current ( ) a ulse on

Time (103 microseconds)

6. RESULTS AND DISCUSSION
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