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Abstract Electrical arc contour cutting (EACC) is a novel
high-efficiency material cutting process that applies arc
plasma to perform efficient and economical contour cutting
of difficult-to-cut materials. Compared to conventional elec-
trical arc machining (EAM), this process can remove the
allowance of open structures and plates in bulk mode, rather
than entirely in the form of debris. Compared with existing
contour cutting methods, EACC possesses the advantages of
high cutting efficiency and a deep cutting depth. Particularly,
a compound arc breaking mechanism (CABM), which inte-
grates hydrodynamic force and mechanical motion, has been
applied to control the discharge arc column in EACC, while
also strengthening the debris expelling effect in the narrow
discharge gap. The CABM implementation conditions were
studied, based on arc column distortion images captured by
a high-speed camera and simulation results of the flow field
and debris distribution. A set of machining experiments was
designed and conducted to optimize the performance of the
proposed process. Finally, a SiC,/Al metal matrix composite
(MMC) space station workpiece was machined to verify the
feasibility and efficiency of this process.
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1 Introduction

To guarantee their strength and reliability, many modern
aerospace parts are constructed from large integrated cast-
ings or forged parts. However, this presents a challenge to
machining: the majority of these parts are made of difficult-
to-cut materials, such as Ni-based superalloys, titanium
alloys, and metal matrix composites (MMCs). Furthermore,
it is worth noting that, typically, over 80% of the material
should be removed [1, 2]. However, most allowances are
generally removed using point-to-point modes, such as
milling, electrical discharge machining (EDM), or electro-
chemical machining (ECM) [3]. Converting all the unneeded
material into debris takes considerable energy and time. This
not only increases the processing cost, but also wastes a sig-
nificant amount of energy and material.

The machining efficiency and material recycling ratio can
be vastly improved through adopting an approach that first
uses contour cutting to quickly remove most of the allowance
and then uses a point-to-point mode to complete the process-
ing. At present, the primary contour cutting methods include
wire electrical discharge machining (WEDM), plasma cut-
ting, abrasive waterjet cutting, and laser cutting. However,
when processing the advanced materials mentioned above,
the existing contour cutting methods are limited by their
machining efficiency and shallow cutting depth [4, 5].

Electrical arc machining (EAM) is a promising method
for machining difficult-to-cut materials with certain advan-
tages, such as excellent material removal capabilities and
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a low cost [6, 7]. Studies show that when machining the
Inconel 718 alloy, Ti-6Al-4V, and SiCp/Al metal matrix
composites with EAM, the material removal rate (MRR)
is overwhelmingly high and accompanied by a limited tool
wear ratio (TWR) [8-10]. This is because EAM removes
material with high-energy concentrated plasma whose
machining capability is independent of the material’s
mechanical properties, such as hardness and stiffness [11].

EAM and EDM are both electrical processing methods.
EAM was first proposed in 1988 [12] to solve EDM’s low-
efficiency problem. In comparison with EDM, the discharge
current applied in EAM can be hundreds or even thousands
of amperes and results in an arc column temperature above
10* K, which can melt or even vaporize all conductive mate-
rials. Except for the significant increase in current, the pulse
duration in EAM can reach milliseconds, while that in EDM
is microseconds. Moreover, there is no obvious breakdown
delay in the EAM voltage waveforms. The above differences
lead to a huge increase in the EAM discharge energy.

However, a highly energized electrical arc is prone to
localize and damage the workpiece surface [13]. Thus,
effective arc control methods that drive the arc column to
move on the workpiece or break down in time to prevent
the formation of a stationary arc are important and neces-
sary. In EAM, arc control methods are also known as arc
breaking mechanisms. Generally, two types of arc breaking
mechanisms are applied in EAM. The first is a mechanical
motion arc breaking mechanism, which is induced by rela-
tive movements between the electrode and the workpiece
[13]. Alternatively, the hydrodynamic arc breaking mecha-
nism uses intensive internal or external flushing to drive the
arc to stretch or move on the workpiece surface [14, 15].
Kou and Han [13] conducted a theoretical analysis of the
moving electric arcs caused by relative movements, and used
photos of the plasma channel to verify the motion of arcs on
the workpiece surface. Meanwhile, Gu et al. [14] explored
the development of the arc plasma channel under hydrody-
namic forces and analyzed the crater formation mechanisms
of a single arc discharge. Additionally, Zhang et al. [15]
continued to study the high-velocity flushing effect in EAM
applying the computational fluid dynamic (CFD) method.
Their results indicated that high-velocity flushing not only
disturbed the stability of the arcing but can also form a low-
pressure area on the downstream side of the electrode. This
induces a negative pressure suction effect, which can more
efficiently evacuate melting metal from a melting pool, and
results in a high MRR, as well as a thin heat-affected zone
(HAZ).

A variety of EAM methods have been developed for dif-
ferent processing requirements, such as die-sinking EAM
[16], arc milling [17], arc turning [18], and arc sweep
machining [19]. However, the available EAM methods have
to remove the allowance entirely as debris, rather than in
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bulk mode. In this research, a novel contour cutting method,
namely electrical arc contour cutting (EACC), is proposed
based on the principle of EAM.

The electrodes and mechanism to achieve effective arc
breaking in EACC are significantly different from existing
EAM methods. EACC performs contour cutting along a pre-
defined path with a long, thin rotating rod electrode. Com-
pared with removing material in point-to-point mode, EACC
can significantly improve the material removal efficiency by
separating the unneeded material in bulk mode. Moreover,
the high energy density of the arc enables EACC to be more
effective than other currently available machining processes
for contour cutting difficult-to-cut material. However, EACC
has a narrow gap and a large machining depth, resulting in
more severe processing conditions than other EAM meth-
ods. Therefore, it is vital to implement a more effective arc
breaking strategy while machining with EACC. To solve this
problem, a compound arc breaking mechanism (CABM) that
combines hydrodynamic force and mechanical movement
was applied. In addition, this paper investigated the arc dis-
tortion effect in the CABM, through images captured at high
speed and CFD simulation, and studied the debris expel-
ling effect through debris particle distribution simulation.
Afterwards, a set of machining experiments was designed
and conducted to optimize the performance of the proposed
process. Finally, a SiC /Al MMC workpiece was machined
to verify the feasibility and efficiency of this process.

2 Principle of EACC

The composition of the EACC system is illustrated in Fig. 1.
Specifically, it mainly includes a five-axis computer numer-
ical control (CNC) machine, an electrode holder, a high-
pressure flushing unit, and a high-energy power supply. The
electrode holder is specially designed to integrate multiple
functions, including electrode rotation, transmitting electric
power to the electrode, and providing high-velocity coaxial
flushing. The high-energy power supply provides discharge
energy for arc machining, and can generate a current of thou-
sands of amperes. The flushing holes are distributed evenly
on the tool holder, which can provide powerful flushing to
the discharging area.

Figure 2 depicts the schematic diagram of the EACC pro-
cess. During the machining process, a long, thin rotating
rod electrode cuts deeply into the workpiece and performs
EAM with its side surface. As an arc machining process,
the arc plasma in the gap should be well controlled to avoid
constant arcing and short circuits. In conventional EAM, the
electrode diameter is usually greater than 10 mm, and its end
can be arranged with flushing holes to achieve strong inter-
nal flushing. Internal flushing directly acts on the discharge
area, resulting in a better effect on the arc control and debris
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expelling. Meanwhile, at the same rotation speed, a larger
electrode diameter can achieve a higher relative motion
speed between the electrode and workpiece, which is ben-
eficial for realizing mechanical motion arc breaking.

On the other hand, the thin rod electrode used in EACC
cannot achieve internal flushing and slows the relative
motion speed. Compared with conventional EAM, the
machining depth in EACC is greatly increased, which is not
conducive to debris expelling. Debris particles tend to accu-
mulate in the narrow discharge gap and cause constant arc-
ing and short circuits. In short, owing to the small electrode
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diameter and deep cutting depth, it is very difficult to achieve
effective arc breaking conditions with either mechanical
motion or hydrodynamic force in EACC.

Under such circumstances, a CABM that combines
mechanical movement and hydrodynamic force was applied
to boost the arc control capacity and promote the debris
expelling effect. Specifically, as demonstrated in Fig. 2, the
electrode rotates with the spindle and drives the arc column
to slide on the workpiece surface (from position 1 to posi-
tion 2), which directs the mechanism of mechanical motion
arc breaking. Meanwhile, coaxial flushing holes on the tool
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holder provide a powerful flushing toward the discharge gap,
which performs the hydrodynamic arc breaking mechanism.
In this process, it drives the arc plasma column along the
flushing direction (from position 3 to position 4) and expels
the melting metal out of the discharge gap, as well as cool-
ing the arced area. Ultimately, the CABM is accomplished
by hybridizing rapid electrode rotation and high-velocity
coaxial water flushing in the EACC. Based on this, a surface
profile can be achieved on the workpiece by directing the
rod electrode along the predefined trajectory, and excessive
material allowance can be removed as a whole.

3 Implementation of the compound arc breaking
mechanism

3.1 Mechanical motion arc breaking

To investigate the influence of the mechanical motion on
arc control, a high-speed camera was utilized to capture
images of the arc plasma in a single arc discharge, when
the workpiece and electrode moved at different speeds. Fig-
ure 3 shows that when there is no relative motion between
the electrode and workpiece, the arc plasma column is
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symmetrically distributed in a bell shape, which means that
the arc plasma localizes on the workpiece surface. As the
relative motion speed increases, the arc plasma column dis-
torts gradually and shifts in the direction of the workpiece
movement.

Figure 3 reveals that when the relative motion speed
reaches 1 m/s, the arc plasma begins to move along the
workpiece surface, which demonstrates that the arc is effec-
tively controlled. Consequently, a relative motion speed of 1
m/s can be regarded as the critical condition of the mechani-
cal motion arc breaking mechanism. Since the maximum
rotating speed of the tool holder is approximately 3 000 r/
min, the electrode diameter should be greater than 6 mm to
reach a relative speed of 1 m/s at the workpiece interface.

3.2 Hydrodynamic arc breaking

As shown in Fig. 4, previous research in our lab revealed
that as the flushing velocity increased, the distortion of the
arc column increased accordingly. The arc/workpiece inter-
face travelled more than 5 mm along the flushing direction
when the velocity was 7 m/s [14]. In contrast, no obvious arc
plasma deformation was identified when the flushing veloc-
ity was lower than 7 m/s. Consequently, a flushing velocity
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Fig. 3 Arc plasma distortion under mechanical motion arc breaking mechanism

Fig. 4 Arc plasma distortion under hydrodynamic arc breaking mechanism [14]
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of 7 m/s can be regarded as the critical condition to realize
the hydrodynamic arc breaking mechanism. In EACC, the
flushing flow field distribution in the discharge gap is mainly
affected by the cutting depth. To further determine the effec-
tive range of the cutting depth and explore the positive effect
of CABM on debris expelling in narrow discharge gaps, the
flow field and debris particle distribution were simulated, as
described in the following section.

4 Simulation of the flow field and debris
distribution

4.1 Simulation conditions for EACC

During EACC machining, six flushing holes are evenly dis-
tributed around the electrode to perform coaxial flushing.
The flow field simulation analysis only considers the flush-
ing area, including the rotating electrode and static work-
piece. Figure 5 shows a schematic diagram of the EACC
flushing condition and the simplified computational domain.
According to the machining conditions, the coaxial flushing
between the nozzle and the upper surface of the workpiece is
regarded as a rotating fluid region, driven by the rotation of
the coaxial nozzle. A continuity interface is added between
the upper coaxial flushing rotation region and the flushing
fluid in the gap. The workpiece material in the simulation is
set to 20% (volume fraction) SiC,/Al

To meet the critical condition for realizing the mechanical
motion arc breaking mechanism, the diameter of the elec-
trode is set to 6 mm, and the rotation speed is set to 3 000 r/
min in the geometric model. Meanwhile, the length of the
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Feeding direction

Workpiece

(a) Schematic of the EACC flushing condition

Fig. 5 Simulation model of the flow field and debris distribution
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rotating flushing fluid column is set to 15 mm. The flushing
fluid thickness between the electrode and the workpiece is
set to 0.5 mm, which is the same as the discharge gap. More-
over, the fluid thicknesses away from the machining area are
2 mm, the same as the flushing hole diameter. The volume
between the upper coaxial flushing rotating region and the
gap bottom is set as a buffer region that contains the rotation
domain interface. The buffer region means that when the
flushing fluid reaches the workpiece surface, only part of it
can rush into the discharge gap, while the remainder flows
past. Four cutting depths, 20 mm, 30 mm, 40 mm, and 50
mm, were selected to assess the influence of the flushing
depth on the flow field and debris particle distribution in
the gap.

In the simulation, the water fluid inlet is the top surface
of the nozzle, and the inlet reference pressure is 1.0 MPa.
The flushing fluid outlet area is derived from the area sur-
rounding the discharge gap, and its reference pressure is set
to zero. It should be noted that the discharge crater formed
in arc machining is greater than that in ordinary discharge
machining, and it results in a coarser surface, which disturbs
the flushing effect in the narrow gap. Because of this, the
roughness of the machined surface is set to 40 pm, which is
based on experimental results [20, 21].

According to the calculated Reynolds number of the
simulation, the flushing fluid is in a turbulent state, and the
standard k-e model was chosen to calculate the flow field
in the gap. In this research, the turbulence module and the
rotating machinery module in COMSOL Multiphysics soft-
ware were applied. Additionally, a uniform pair between the
coaxial flushing rotation domain and the flushing fluid in
the discharge gap was defined. The Frozen Rotor study was
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used to simulate the velocity and pressure fields in rotat-
ing machinery and calculate the initial conditions for time-
dependent simulations of flow fields in rotating machinery.

During the EACC process, many debris particles are gen-
erated periodically in the discharge area. Excessive particles
in the gap result in unstable discharging or even short cir-
cuiting. Hence, the particles were traced in the flow field,
based on the flow field simulation results. The particle trac-
ing simulation was implemented under a peak current of 500
A, a pulse duration of 5 ms, and a pulse interval of 3 ms.
According to previous experimental results, when the peak
current is 500 A, the average particle diameter is around 100
pm. Approximately 400 particles are randomly generated
on the surface when the pulse duration 7, is 5 ms and the
pulse interval T is 3 ms. The inlet and outlet of the debris
particles are also marked in Fig. 5.

4.2 Results of the flow field simulation

Figure 6 shows the simulation results for the flow field at
different cutting depths. All results demonstrate that the
velocity of the coaxial flushing rotating domain is greater
than 25 m/s. However, owing to the limitations of the narrow
gap and deep cutting depth in EACC, the flushing velocity
decreases rapidly in the discharge gap, and its maximum is
less than 15 m/s. In addition, as the cutting depth increases,
the velocity of the dielectric fluid decreases significantly.
The results revealed that the relatively rough surface and
narrow machining gap retarded the flushing and thereby
weakened the hydrodynamic arc breaking effect in the deep
area.

To analyze the flushing velocity in the discharge gap
under different cutting depths, axial sectional and bottom

Cutting depth Cutting depth Cutting depth Cutting depth
20 mm 30 mm 40 mm 50 mm
m/s
35
30
25
20
15
10

Fig. 6 Results of the flow field simulation for different cutting depths
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views of the flushing velocity distribution are compared,
as shown in Fig. 7. In each axial sectional view, the right
column represents the inflow to the discharge gap, and the
left column represents the outflow around the electrode.
It should be noted that the flushing velocity decreases
significantly as the cutting depth increases. The maxi-
mum flushing velocity is approximately 15 m/s at the gap
entrance, and then decreases to 7.2 m/s when the cutting
depth is 40 mm. This indicates that the rough surface of
the discharge area in the narrow discharge gap impedes the
flushing effect, which leads to poor discharging conditions.
When the cutting depth is 50 mm, the flushing velocity
in parts of the gap is less than 7 m/s, and the minimum
velocity is 5.9 m/s. Because the critical flushing velocity
to realize the hydrodynamic arc breaking mechanism is 7
m/s, the cutting depth should not exceed 40 mm in EACC.
When cutting a thick workpiece, layered cutting with a
single cut depth of less than 40 mm is considered to be
more effective.

4.3 Results of debris distribution simulation

When the cutting depth was 20 mm, the debris particle dis-
tribution in an entire pulse period was simulated, as shown
in Fig. 8. During T, the concentration of the generated
particles did not substantially increase because intensive
flushing effectively expelled the generated debris out of
the gap. Furthermore, the debris concentration decreased
rapidly in 74 because no fresh debris particles were gener-
ated. At the 7 ms time point, the number of debris particles
left in the gap was 15, and no debris particles were left at 8
ms. This means that the EACC process can be performed
continuously and normally under this condition.

Because the number of residual particles at the end of
each discharge pulse has an important effect on the dis-
charge state, the distribution of the debris particles during
the pulse interval is brought into focus. Figure 9 illustrates
the debris distribution in pulse intervals at different cut-
ting depths. As shown, the concentration of the remain-
ing debris particles increases with the increasing cutting
depth. For a 30 mm cutting depth, the number of remain-
ing debris particles is approximately 12 at 8 ms, which is
slightly larger than that at the 20 mm cutting depth. As the
cutting depth is increased to 40 mm, the debris particle
concentration further increases to 27 at 8 ms. This means
that a longer pulse interval is necessary when the cutting
depth increases. Furthermore, when the cutting depth is
50 mm, it is impossible to achieve an effective CABM, and
numerous debris particles remain in the gap at the end of
the discharge. An optimization experiment was conducted
to identify and optimize the cutting depth under different
conditions.
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5 Experimental setup and design
5.1 Experimental setup

Parameter optimization experiments were conducted with
a self-renovated BEAM CNC machine tool. A high-power
supply with a maximum current of 1 500 A was connected
to the electrode and workpiece to provide discharge energy.
During the machining process, the CABM was applied to
control the discharge arc and expel debris from the narrow
discharge gap. To achieve this mechanism, a special elec-
trode holder was designed to perform electrode rotation and
high-velocity coaxial flushing, which can be observed in
Fig. 10.

5.2 Experimental design

The influence of significant factors on the machin-
ing performance was further studied. The peak current,
pulse duration, and cutting depth were chosen, based on
previously conducted fractional factorial experiments.

Particularly, the experiments mainly focused on the cut-
ting efficiency of the EACC method. The cutting efficiency
is represented by the cutting area efficiency (CAE) and the
MRR. The CAE represents the ratio of the cut surface area
to the machining time, while the MRR refers to the volume
of material removed per minute.

The workpiece material was 20% (volume fraction)
SiC,/Al a difficult-to-cut metal matrix composite. The
cylindrical electrode was a tungsten rod with 6 mm diam-
eter and 200 mm in length. The electrode and the work-
piece were connected to the negative and positive poles
of the power supply, respectively. Meanwhile, the open
voltage of the power supply was set to 90 V, and T4 was
fixed at 3 ms. The dielectric fluid used in the experiments
was water, the same as that in the simulation. According to
the flow field simulation results at different cutting depths
in the above section, a cutting depth greater than 40 mm
is not conducive to CABM, so depths of 10, 20, 30 and 40
mm were chosen for optimization. Other parameters are
listed in Table 1.
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Table 1 Experiment design and parameter values (spindle speed
3 000 r/min, flushing pressure 1 MPa, open voltage 90 V, pulse interval
3 ms)

Experiment Sets Parameter values

Variables Fixed parameters
Set 1 Ip/A: 100, 200, 300, T,,: 5 ms/Depth: 20 mm
400, 500
Set 2 T,/ms:1,3,5,7,9 Ip: 300 A/Depth: 20 mm
Set 3 Depth/mm: 10, 20, 1,: 500 A/T,,,: 5 ms
30, 40

6 Experimental results and analysis
6.1 Discharge current experimental results

As shown in Fig. 11, both the CAE and the MRR increased
with the increasing current. When the discharge current
was 100 A, the CAE was 160 mm?/min, and the MRR was
approximately 1 150 mm?®/min. As the discharge current
increased to 500 A, the CAE reached 900 mm?/min. To
date, the maximum WEDM efficiency of SiCp/Al com-
posites has been reported to be only approximately 90
mm?/min [4]. Based on such results, it can be said that
the EACC efficiency can reach ten times that of WEDM.
When the discharge current was 500 A, the maximum

1100 ~ = 7000
—m— CAE
1000 —8— MRR
- 6000
900 = puylse duration : 5 ms I

Cutting depth : 20 mm - 5000

800 - Electrode diameter : 6 mm

700 - 4000

600

3000
500

CAE/(mm*min")
MMR/(mm?* min™")

400 - < 2000

300
-1 1000

200

100 0
100 200 300 400 500
Discharge current/A

Fig. 11 Experimental results for different discharge current condi-
tions

MRR of the EACC was 6 500 mm>/min, which was simi-
lar to that of EAM [9, 21].

6.2 Pulse duration experimental results

Figure 12a shows the CAE and the MRR results for differ-
ent pulse duration conditions. At first, both the CAE and the
MRR increase as the pulse duration increases, and when the
pulse duration exceeds a certain value, they both decrease.
The optimal pulse duration is approximately from 5 ms to
7 ms, under other specific experimental conditions. During
the discharging process, a rise in the pulse duration means
an increase in the energy supply, resulting in a higher CAE
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Fig. 12 Experimental results for different a pulse duration conditions and b cutting depths

and MRR. However, because the pulse interval was set to
3 ms in this experiment, an excessively long pulse duration
with insufficient pulse intervals can lead to insufficient arc
breaking and short circuits, which reduces the machining
efficiency. Based on the pulse duration experimental results,
the optimized pulse duration is approximately from 5 ms to
7 ms under the current experimental conditions.

6.3 Cutting depth experimental results

Figure 12b depicts that the CAE and the MRR increase
slightly as the cutting depth increases at first, but decrease
as it reaches a certain value. A reasonable explanation for
this is that the increased cutting depth decreases the cutting
feed rate during the EACC process. The theoretical CAE
is calculated by taking the product of the cutting depth and
the cutting feed rate; thus, it can be inferred that there is
an optimal value between the cutting depth and the cutting
feed rate.

When the cutting depth is 20 mm, the CAE reaches the
maximum, although the feed rate decreases slightly. How-
ever, when the cutting depth continually increases, the
machining state worsens, and the feed rate significantly

Unit: mm

440

.

(a)

280

Fig. 13 Structure of the SiC,/Al part a 3D model, b SiC /Al plate
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decreases. The main reason is attributed to the flushing flow,
which barely reaches the deepest area of the discharge gap,
resulting in frequent short circuits and gathering debris. This
indicates that high-velocity flushing is particularly important
during the EACC process. Notably, the experimental results
for cutting depths are consistent with the simulation results
of debris particle distribution.

According to the results of the study, the optimized cut-
ting layer depth is about 15-25 mm when the discharge
current is around 500 A and the discharge duration is
approximately 5 ms. When cutting a thick workpiece, lay-
ered cutting is recommended, rather than cutting the entire
thickness in one continuous feed.

7 Sample machining

Based on the above experimental results, a 20% (volume
fraction) SiC /Al composite material solar panel supporter
was roughly machined with EACC. As illustrated in Fig. 13,
four triangles (approximately 40% of the total volume) are
needed to be removed from a rectangular plate. Because the
plate is 33 mm thick and contains many nonconductive SiC
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particles, the wire frequently broke when applying WEDM
to remove the triangles from the plate. The highest opti-
mized CAE of WEDM is approximately 90 mm?/min. Here,
EACC was applied to remove the triangles. The thicknesses
of the first layer and the second layer were 17 mm and 16
mm, respectively. The electrode diameter was 6 mm, and
the discharge current was 600 A with a 5 ms pulse duration.
The other conditions were the same as those in the previous
experiments.

Figure 14 shows the machined workpiece and removed
material. Two hours were spent on the rough machining,
which was considerably shorter than that in cutting with
WEDM. The average feed rate was 35 mm/min, and the
average CAE of the EACC was approximately 550 mm?/
min, which was over six times that of WEDM. In addition,
because the electrode material was tungsten, the electrode
wear rate was very limited, and a 6 mm diameter electrode
was sufficient to cut over a 400 mm length trajectory.

Fig. 14 Rough machined workpiece

Depth=16 mm

» 14 107.64 pm

Substrate #

Fig. 15 Metallographic photographs of workpieces at different depths

Figure 15 shows metallographic photographs of work-
piece cross sections at depths of 16 mm and 17 mm,
acquired after machining. These indicate that there is an
obvious HAZ on the surface of the workpiece after EACC,
and as the cutting depth increases, the thickness of the HAZ
also increases. Although EACC causes the appearance of the
HAZ, the maximum thickness of the HAZ is less than 200
pum, which can be removed by the subsequent finishing pro-
cess without a negative effect on the final parts. Therefore,
the results of the sample machining prove that EACC is a
feasible and efficient method for processing difficult-to-cut
materials.

8 Conclusions

A highly efficient electrical arc contour cutting process with
a compound arc breaking mechanism was introduced and
explored in this paper. The machining parameters were opti-
mized, based on results from previous studies and a current
set of experiments. A sample part was machined to confirm
the feasibility of the process. Based on the simulations and
experiments, the following conclusions were drawn.

(i) Electrical arcs can be applied to perform highly
efficient contour cutting by compound arc breaking
mechanism.

A compound arc breaking mechanism can signifi-
cantly promote the arc breaking and debris evacua-
tion effects, and an optimized electrode diameter and
cutting depth can be obtained for the given flushing
and electrical conditions.

(i)

Depth=32 mm
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(iii) When cutting a SiCp/Al MMC, the maximum effi-

@iv)

Acknowledgments

ciency of EACC can be ten times that of WEDM, and
even greater than that of electrical arc milling.

Like other EAM methods, the surface of the work-
piece after EACC is rough and there is a non-negli-
gible HAZ. A subsequent finishing process, such as
CNC milling, grinding, or ECM, should be conducted
to eliminate these negative effects.
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