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Abstract: Silicon carbide (SiC) has high specific stiffness, high thermal conductivity, and a low thermal deformation coefficient, making
it highly applicable in the aeronautic and astronautic industries. However, the beneficial properties of high hardness and high strength
cause problems in shaping SiC blanks. Electrical discharge machining (EDM) is a popular unconventional machining process for
producing hard and brittle materials. An experimental investigation was conducted on the improved technologies of EDM. A good surface
was obtained through plane processing using graphite as an electrode.
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1. Introduction
Silicon carbide (SiC) is a non-oxide ceramic. It is widely used
in water pumps, heat exchangers, bearings, and space
telescopes [1, 2]. It possesses excellent properties, such as
oxidation resistance, high mechanical strength at elevated
temperature, high hardness, high corrosion resistance, high
thermal conductivity, and high thermal shock resistance [3-6].
However, SiC ceramics have grinding difficulties due to their
hard and brittle features. In traditional machining, diamond
grinding is one of the most commonly used techniques for SiC
ceramic blanks, but it is costly and inefficient [7–11].
Furthermore, SiC ceramics induce force damage and severe
tool wear in diamond grinding [3, 12]. Electrical discharge
milling is a promising and economical technique for to grind
SiC ceramic blanks [13]. However, using this method to
machine a large surface area on ceramics is inefficient [14,
15].
This paper uses array graphite as the tool electrode to machine
SiC ceramics using electrical discharge plane machining
(EDPM) [13]. The process employs the pulse generator used
in EDPM and uses a water-based emulsion as the high-speed
and pressure machining fluid [16]. In the process, the
electrode has a plane movement, and the movement of the
workpiece is controlled by a computer numerically controlled
(CNC) platform. This procedure can effectively machine a
large surface area on SiC ceramics. The effects of tool
polarity, translational motion speed, and rushing speed on the
machining performance are investigated.

2. Principle for EDM Plane Processing of SiC
Ceramics
The principle of electrical discharge machining (EDM) plane
processing is shown in Fig. 1. The workpiece and the tool are
connected to the positive and negative poles of the pulse
generator, respectively. The workpiece moves along the given
route. Its path can be circular or follow a straight line. The
movement can be realized through the X-Y platform. Usually,
the workpiece is mounted onto a numerically controlled (NC)
platform. The movement of the tool is identical to that of the
workpiece. However, the trip is short. The tool is in array form

and comprises many small pieces. The gap between the
workpiece and tool is adjusted by the microfeeding system. It
is a common feeding system, but not a servo system; thus, it is
easy to implement. The machining fluid is a water-based
working liquid. Sometimes, a water-based emulsion with
numerous particles is used.

Figure 1: Schematic experimental setup for EDM plane
processing
During machining, the tool moves on a short plane and is fed
by a step motor. The SiC ceramic workpiece is fed towards the
tool driven by a NC table. The machining fluid is flushed into
the gap by the tubes. As the tool approaches the workpiece and
the distance between a block of the tool and the workpiece
reaches the discharge gap, electrical discharges are produced.
During the pulse on-time, a plasma channel grows and is often
accompanied by electrolysis. Numerous vapor bubbles form
around this channel. The plasma can instantaneously reach a
high temperature and pressures the EDM in conducting
advanced ceramics [17]. Under this condition, the SiC ceramic
is removed. During machining, the machining fluid is flushed
into the gap from the inner part of the tool, the chips are
flushed away easily, and the workpiece is cooled quickly,
which stabilizes the processing. To improve machining
efficiency, a large electrode was designed. The EDM plane
processing uses graphite for the electrode and is manufactured
easily. However, other electrode materials, such as red copper
or iron, are large due to their density, making them unsuitable
for larger electrodes. The form of the electrode is array and
cross-shaped. The machining liquid flows from the inside of
the electrode through many hoses along the cross rail, and the
effect is good. The EDM plane processing uses graphite for
the electrode, and the resistance to the abrasion of the graphite
electrode is lower than that of the copper or steel electrode. In
addition, using graphite as the tool material, the block
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electrode is shaped easily and has a low cost.

3. Results and Discussion
In the following experiments, the workpiece material is the
SiC ceramic, the tool is a graphite array electrode, the tool is
square-shaped, each small electrode is also square-shaped, the
width is 1 cm, the plane speed of the tool is 1 m/s, and the work
fluid is a water-based emulsion with a 5% concentration. The
weighing of the removed material or electrode wear was
measured by an electronic analytical balance. Surface
roughness was measured by a surface roughness tester. The
microstructural observation of the SiC ceramic was conducted
using a scanning electron microscope equipped with
energy-dispersive spectrometer analysis. The accumulated
debris was examined by microphoto after the spark had eroded
the surface of the SIC ceramic with different parameters..
3.1 Effect of polarity on the plane process performance
The polarity effect often exists in electrical discharge
machining, and EDM translational processing is not an
exception. The effect of polarity on the MRR and the SR is
illustrated in Figs. 2 and 3. As shown in Fig. 2, the MRR in the
positive tool polarity is two times that with the negative tool
polarity under the same conditions. Figure X shows that the SR
in the negative tool polarity is nearly two times that with
positive tool polarity under the same conditions. These
phenomena can be explained as follows. Under the same
conditions of the electric field force effect, the speed of the
electrons moving to the anode is higher than that of the
positive ions moving to the cathode speed in the channel. This
phenomenon occurs because the electron is light and has low
inertia, easily obtaining a high speed in a short time. However,
the positive ion is large, has high inertia, and encounters
difficulty in obtaining a high instantaneous speed. Therefore,
the MRR is high in the positive tool polarity. Additionally, an
important reason is that the water-based working liquid is used
in plane processing and has good conductivity, increasing the
size of the discharge gap. In the positive tool polarity, the
speed of the electron is fast and easily reaches the workpiece
surface; thus, MRR is high. However, in negative polarity, the
acceleration of the positive ions is low and does not easily
reach the workpiece surface; thus, the material removal rate is
low.

Figure 2: Effect of polarity on MRR

Figure 3: Effect of polarity on SR
3.2 The effect of electrode translational motion speed on
the plane process performance
The effect of eletrode translational speed on MRR and SR is
illustrated in Figs. 4 and 5. The experimental results show that
the MRR increases and the SR decreases with the increase of
translational velocity. This trend occurs because the discharge
gap between the positive and negative electrodes shifts when
the tool rotation speed increases and the discharge point
moves frequently in EDM. It reduces the ratio of arc discharge
and short circuit with the increase of translational speed. The
inhibition of discharge concentration, abnormal arc discharge,
and short circuit phenomenon occurred. This inhibition
increases and extends the workpiece area of the role in single
pulse; the discharge energy is spread out to decrease the
discharge crater depth and the surface roughness.

Figure 4: Effect of electrode translational motion speed on
MRR

Figure 5: Effect of electrode translational motion speed on
SR
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3.3 Effect of speed on the plane process performance
Dielectric fluid used in EDM machines provide important
functions in the EDM process. The fluid controls the sparking
gap spacing between the electrode and workpiece, cools the
heated material to form the EDM chip, and removes the EDM
chips from the sparking area. The EDM chips are collected at
different rushing speeds, and the following photographs are
obtained under scanning electron microscopy (SEM). Figures
6 to 9 show that the surface is good under high-speed liquid.
The high rushing speed is good for chip removal and
discharge, and the MRR is high. The microscope was is
obtained under different rushing speeds. Figure 9 shows that
the speed is small; thus, the spark discharge is local. Compared
with the previous figure, the discharge of this surface is
uniform, and the surface quality is better.

Figure 9: Microscope photo of workpiece in high-speed
rushing

4. Conclusions
a)

Using graphite as an electrode, the SiC ceramics can be
easily machined by EDM. The process shows high MRR.
b) Positive polarity for the tool electrode should be used in
large plane machining.
c) A suitable translational speed is good for spark discharge
machining.
d) Using high-speed and high-pressure liquid improves
surface quality.
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