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Abstract- Electric discharge machining (EDM), is a non-
traditional machining process ', has been replacing drilling,
milling, grinding and other conventional machining
operations and is currently a deeprooted machining choice
in many assembling enterprises all through the world.
Current ED apparatus is fit for machining mathematically
perplexing or hard material parts, that are exact and
challenging to-machine, for example, heat-treated device
prepares, composites, super amalgams, ceramics, and so on
yet its applications are restricted due to slow machining
rate and moderately unfortunate surface completion.
Powder blended EDM (PMEDM) is one of the new headways
in EDM process where the expansion of powder particles to
the dielectric brings about higher machining rate and better
surface quality. The point of this venture is to concentrate
because of cycle boundaries on powder blended electrical
release machining (PMEDM) by mixing dielectric with metal
oxide powder while machining AISI D3 STEEL. In this work
4 different cycle boundaries were taken viz., top flow (Ip),
beat on time (Ton), hole voltage (Vg), warm conductivity of
dielectric and material expulsion rate , surface harshness
were considered as execution measures. In this work, a
viable methodology, Taguchi technique, has been applied to
perform tests. The analysis have been finished by utilizing
Taguchi 's L36 (23x31) symmetrical cluster. Each analysis
was led under various states of information boundaries. The
trial results affirm that the proposed technique in this
concentrate successfully further developed the machining
execution of PMEDM process.

Key Words: EDM, PMEDM, metal oxide, MRR, Thermal
conductivity

1.INTRODUCTION

Electric discharge machining (EDM), an important
_non-traditional manufacturing method’, developed in the
late 1940s, has been accepted worldwide as  a standard
process in manufacture of forming tools to produce
plastics moldings, die castings, forging dies etc. New

developments in the field of material science have led to
new engineering metallic materials, composite materials,
and high tech ceramics, having good mechanical
properties and thermal characteristics as well as sufficient
electrical conductivity so that they can readily be
machined by spark erosion [1,2]. The recent
developments in the field of EDM have progressed due to
the growing application of EDM process and the
challenges being faced by the modern manufacturing
industries, from the development of new materials that
are hard and difficult-to-machine such as tool steels,
composites, ceramics, super alloys, nit alloy, nemonics,
carbides, stainless steels, heat resistant steel, etc. being
widely used in die and mould making industries,
aerospace, aeronautics, and nuclear industries. Many of
these materials also find applications in other industries
owing to their high strength to weight ratio, hardness and
heat resisting qualities. EDM has also made its presence
felt in the new fields such as sports, medical and surgical
instruments, optical, dental and jewellery industries,
including automotive R&D areas [3].EDM technology is
increasingly being used in tool, die and mould making
industries, for machining of heat treated tool steels and
advanced materials (super alloys, ceramics, and metal
matrix composites) requiring high precision, complex
shapes and high surface finish. Traditional machining
technique is often based on the material removal using
tool material harder then the work material and is unable
to machine them economically. Heat treated tool steels
have proved to be extremely difficult-to-machine using
traditional processes, due to rapid tool wear, low
machining rates, inability to generate complex shapes and
imparting better surface finish [4].

1.1 Working principle of EDM:

This interaction works in view of guideline of thermo-electric
energy among device and workpiece Kunieda.B et al [5], N.M
Abbas et al[6]. An electrical flash produced little hole among
device and workpiece which causes eliminates the
superfluous material from work piece through softening and
vaporization. The workpiece (anode) and apparatus terminal
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(cathode) should be in conductive nature to deliver fight
Khanra, A.K. et al [7]. EDM is for the most part utilized for
shape and Bite the dust making industry and in assembling
auto, aviation and careful parts, In EDM there is no
mechanical contact between the apparatus anode and work
piece, since there is no gamble of harm work material while
doing machining [8].
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Figure 1.1 Schematic diagram of EDM
1.2 EDM process parameters:

1.2.1 Discharge voltage:

Release voltage in EDM is connected with the flash hole and
breakdown strength of the dielectric. Before flow can stream,
the open hole voltage increments until it has made an
ionization way through the dielectric. When the ongoing
begins to stream, voltage drops and balances out at the
functioning hole level. The preset voltage decides the width
of the flash hole between the main edge of the anode and
workpiece. Higher voltage settings increment the hole, which
further develops the flushing conditions Dand assists with
balancing out the cut. MRR, device wear rate (TWR) and
surface harshness increments, by expanding open circuit
voltage, since electric field strength increments. In any case,
the effect of changing open circuit voltage on surface
hardness in the wake of machining has been viewed as just
minor. [9].

1.2.2 Peak current:

This is how much power utilized in release machining,
estimated in units of amperage, and is the most significant
machining boundary in EDM. During each on-time beat, the
ongoing increments until it arrives at a preset level, which is
communicated as the pinnacle current. In both kick the
bucket sinking and wire-EDM applications, the most extreme
measure of amperage is represented by the surface region of
the cut. Higher amperage is utilized in roughing activities and
in depressions or subtleties with enormous surface regions.

Higher flows will further develop MRR, however at the
expense of surface completion and instrument wear. This is
all more significant in EDM on the grounds that the machined
cavity is a reproduction of hardware cathode and over the
top wear will hamper the precision of machining. New better
terminal materials, particularly graphite, can chip away at
high flows absent a lot of harm [10].

1.2.3 Pulse-on time or pulse duration (Ton):

It is the span of time (ps), the current is permitted to stream
per cycle. Dielectric ionizes and igniting happens during this
period. It is the useful system of the flash cycle during which
current streams and machining are performed. How much
material evacuation is straightforwardly corresponding to
how much energy applied during this on-time. However MRR
increments with Ton, unpleasant surfaces are created
because of high flash energy [11].

1.2.4 Dielectric fluid:

The dielectric liquid priority any conductive nature.
Dielectric liquid does three significant assignments in EDM.
First thing to convey electrons from instrument to work.
Second thing it goes about as a coolant third object is
expulsion the material from entombs terminal hole [12].

1.2.5 Polarity:

Extremity alludes to the capability of the workpiece
regarding the apparatus. In straight or positive extremity, the
workpiece is positive, while in turn around extremity
workpiece is negative. In straight extremity, fast response of
electrons creates more energy at the anode (workpiece)
bringing about critical material evacuation. Be that as it may,
high apparatus wear happens with long heartbeat spans and
positive extremity, because of higher mass of particles. As a
general rule, choice of extremity is tentatively resolved
relying upon the blend of the workpiece material, instrument
material, current thickness, and heartbeat term [13].

2. EXPERIMENTAL DETAILS
2.1Development of experimental setup:

Tests are performed on Electronic make savvy ZNC EDM
machine. The functioning tank of ZNC machine has the
elements of 800mm X 500mm X 350mm. It needs a lot of
nanopowder for blending in such huge tank of EDM to get
wanted powder focus in dielectric liquid for activity.
Additionally, obstructing happens when nanopowder mixed
dielectric is sifted with the current separating framework.
Thus, to conquer these troubles, another tank, having volume
of 3 litters has been decided for directing investigations. For
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the legitimate mixing of powder with dielectric liquid and
flowing a similar in the flash hole, a lowered electric siphon
is put in the new tank. Blending framework is utilized in this
tank to accomplish a homogeneous scattering of powder in
the dielectric liquid. A super durable magnet is utilized in
machining tank to isolate the garbage from the dielectric

j

Magnet

Electrode

Circulating
pump

Nozzle flushing
Dielectric

Work piece «—

liquid. Trial arrangement are displayed in Figure 2.1

Figure 2.1 Experimental setup
2.2Selection of materials:
2.2.1Workpiece selection:

EDM is good for machining of super
composites, carbides, hard gadget plans, heat safe gets
ready, etc. AISI D3 steel is one of the hard materials it was
picked as workpiece. D3 steel have various applications in
the field of Blanking and molding, kicks the container
Outlining rolls, Press contraptions, Punches, Supports. AISI
D3 contains carbon of 2% and Chromium of 12%. This is a
prompt cementing material and can be solidified to 58-60
HRC. Since AISI D3 steel is conductive in nature, it is
appropriate for electric release machining. Be that as it may,
EDM attributes of a similar compound have barely been
accounted for up to this point. Subsequently, it was picked as
the workpiece material as slender plates with aspects of 30
mm x 30 mm x 6 mm. The substance constituents of AISI D3
steel are given in Table 2.1. The mechanical properties of

Chromium (Cr) 13-15
Molybdenum (Mo) 0.06
Iron (Fe) Balance

Table 2.2 Mechanical properties of AISI D3 steel

Work Material AISI D3 STEEL
Density 7670 kg/m3
Electrical resistivity 72 pQ-cm
Specific heat 0.5]/g°C
Thermal conductivity 20 /m-K

2.2.2Tool selection:

The cathodes having the size of 9.5 cm distance across and
24 cm length were ready out the poles of copper for playing
out the investigations. In the wake of setting up the expected
size the essence of the multitude of terminals was cleaned in
order to get great surface get done with utilizing different
emery papers goes from 220 to 2000 coarseness size
following general metallographic methodology. Table 2.3
shows the substance arrangement of copper anode. Table 2.4
demonstrates the Material properties of the Copper terminal.

Table 2.3 Chemical composition of the Copper electrode

Element Weight (%)
Cu% 99.8
Zn% 0.057
Al% 0.15
Bi% 0.0011
Pb% 0.0008

Table 2.4 Material properties of the Copper electrode

AISI D3 steel are recorded in Table 2.2 Material Property Value
Table 2.1 Chemical composition of as-received AISI D3 Thermal Conductivity (W/mK) 401
Steel Density (g/cc) 8.96
Element Weight (%) Melting Point (°C) 1083
Carbon (C) 2-2.3 Electrical Resistivity (£ cm) 0.00000
Manganese (Mn) 0.15-0.4 171
Sulfur (S) 0.054
Silicon (Si) 0.23
Phosphorous (P) 0.033
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3. RESULTS AND DISCUSSION

3.1Influence of process parameters on Material
Removal Rate:

The impacts of the considered cycle boundaries i.e
warm conductivity (k), top current (Ip), beat on time (Ton),
hole voltage (Vg) on material evacuation rate (MRR) and
surface strength (SR) of the work-piece are made sense of in
this part. Diagrams have been plotted to concentrate on the
impacts of the interaction boundaries on MRR. Table 3.1
demonstrates the metal expulsion rate results.

Peak Pulse on Gap Thermal MRR
current (A) time voltage [conductivity| (mm3 /min)
(microsec) V) (W/m-K)

4 200 50 0.085 1.10104
4 200 50 0.086 1.90100
4 200 50 0.1056 2.41900
4 200 50 0.085 1.10104
4 200 50 0.086 1.90100
4 200 70 0.086 1.90400
4 200 70 0.1056 1.44900
4 400 50 0.085 0.83760
4 400 50 0.086 1.87100
4 400 50 0.1056 2.40500
4 400 70 0.1056 2.24600
4 400 70 0.085 0.76270
4 400 70 0.086 1.84100
4 400 70 0.1056 2.24600
8 200 70 0.085 1.04600
8 200 70 0.086 241200

Table 3.1 Experimental results for MRR

Main Effects Plot for Means
Data Means

4 8 200 400 50 70 00850 00860 01056

Figure 3.1 MRR results

4. CONCLUSION

In the current and flow research work, the impact of
Thermal conductivity and interaction boundaries on the
exhibition proportions of the exploratory examination
was completed by founded on Taguchi plan. MRR, and SR
which are the proportions of efficiency and layered
precision individually were considered. Results obviously
showed surprising improvement as far as different
execution measures at higher warm conductivity implies
subsequent to adding Titanium nano powder contrasted
with low warm conductivity implies without powder
added substances. Notwithstanding, such improvement is
reliant upon qualities of powder materials and their
fixation. The accompanying significant ends acquired from
the whole work can be drawn:

The accompanying ends can be inferred in view of
the outcomes and conversation

1.All the chose input boundaries impact MRR, and surface
unpleasantness.

2.Higher pinnacle current is a helpful element to yield
more material disintegration rate however it unfavorably
affects the surface completion of recently machined
surfaces.
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