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,e shape change law of a multimaterial electrode in EDM was studied, and a cosimulation between ANSYS and MATLAB of
electrode shape change of the multimaterial electrode and workpiece was established. Element birth and death in ANSYS was used
to obtain the removal volume in a single-pulse discharge, and the electrode feed strategy, material removal, and renewal strategy
are considered to establish the shape simulation strategy. ,en, a program based on MATLAB software was compiled to simulate
the machining process and predict the shape change of the multimaterial electrode of different combinations. ,e experiments of
different multimaterial electrodes were carried out with the die steel as the workpiece. ,e simulation results were compared with
the experimental results to verify the effectiveness of the simulation model.

1. Introduction

In aviation and aerospace, electronic communication, bio-
medical engineering, mold manufacturing, and many other
technical fields, micro/meso complex surface parts are more
and more widely used. Electrical discharge machining
(EDM) is an effective method for machining small and
complex surface parts of difficult-to-cut conductive mate-
rials. However, in some occasions, the shape of some small
surface is very complex and the surface quality requirements
are very high.,e efficiency of traditional EDM layer milling
is low because of redundant processing path of the complex
layer processing, and the surface quality is not good because
of overlapping tool marks. Multimaterial electrode EDM is a
new method for fabricating micro/meso complex surface
parts. By using the electrode wear and shape change of
different material electrodes in EDM to achieve the ma-
chining shape requirements of different complex surface
features and by combining various electrode materials into
multimaterial forming electrodes, it can process micro/meso
cavity with complex surfaces. And it has high production
efficiency and good surface quality. Compared with the
EDM layer milling method, the processing efficiency and
surface quality of the complex surface are improved by using

the adverse copy of the surface shape after the electrode
wear. However, the electrode combination of different
materials during machining will produce different wear and
shape changes, which has a great influence on the machining
accuracy of the surface. Different material compositions,
physical properties, original shape, and other factors have
certain influence on the processed shape, which is a side
effect of processing complex surface in this way. In order to
master the rule of shape change, better control the shape
change in the process of machining, and meet the re-
quirements of machining accuracy, it is necessary to obtain
the rule of machining accuracy and shape change through
simulation. ,erefore, the electrode wear and shape change
law of multimaterial electrodes in EDM are explored, which
can provide theoretical support and technical reference for
multimaterial electrodes forming machining of small
complex surfaces in EDM [1–3].

In the study on the shape of the electrode in EDM, many
scholars carried out effective work. Jeong et al. carried out a
simulation model of EDM drilling process with a cylindrical
electrode in order to predict the shape of the tool and the
hole after drilling. ,e shape of the electrode and the hole
could be predicted accurately [4]. Uhlmann et al. carried out
experimental investigations to decrease the wear of tool
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electrodes by using boron doped CVD (B-CVD) diamond
and polycrystalline diamond (PCD).,e process behavior of
B-CVD and PCD in micro-EDM as well as influences of
electrode materials on tool electrode wear and surface
formation processes was studied [5]. Surleraux et al. in-
troduced a new method for simulating the micro-EDM
process in order to predict both the tool’s wear and the
workpiece’s roughness, and the simulation method was
validated through a comparison with experimental data [6].
Yu et al. presented a model and a simplified simulation
algorithm. ,e experimental results of micro- and macro-
EDM generated surface profiles confirmed the validity of the
proposed mathematical model and the simulation algorithm
[7]. Pei et al. took the geometric model of an electrode and
workpiece as a two-dimensional matrix to simulate the
shape changes in the process of machining and carried out
experimental verification. ,e results showed that the model
could predict the contour of the electrode and workpiece
very well when simulating fixed length compensation [8]. Lv
et al. proposed the simulation model of microhole ma-
chining process based on composite electrode, wrote the
simulation program with MATLAB software platform, and
carried out the electrode shape simulation research [9]. Fu
et al. proposed a simulation model of electrode wear based
onMATLAB to predict the geometry appearance of tool and
drilled hole. And the model was verified by actual experi-
ments. Aimed at the electrode wear when machining the
blind hole in EDM, on the basis of two-dimensional ma-
trices, the shape change process of the electrode was sim-
ulated by setting the influence factors of electrode
movement, discharge gap, removal amount of single-pulse
material, and relative loss rate [10]. Khanra et al. developed
the ZrB2-Cu composite by adding different amounts of Cu
and tested it as a tool material at different process parameters
of EDM during machining of mild steel. ,e ZrB2-40wt.%
Cu composite shows more metal removal rate (MRR) with
less tool removal rate (TRR) than commonly used Cu tool
[11]. Mohri et al. presented a new method of surface
modification using a composite structured electrode and
showed that the electrode material in the work surface layer
and the characteristics of the surface of raw material re-
markably changed. ,ese surfaces have less cracks and
higher corrosion resistance and wear resistance [12].

In this paper, the shape change of a multimaterial
electrode in EDM is studied. Element birth and death in
ANSYS is used to obtain the removal volume in a single-
pulse discharge. And the two-dimensional simulation model
of the multimaterial electrode and workpiece is established
with MATLAB software. ,e shape simulation strategy is
established. ,e electrode feed strategy, material removal,
and renewal strategy are considered. When the electrode is
fed, the shortest distance between the bottom of the elec-
trode and the workpiece is found to generate the discharge
point, and the material is removed to simulate the shape
change of the electrode and the shape change of the cavity in
the actual processing. To predict the shape changes of
various multimaterial electrodes under continuous dis-
charge conditions, the influence parameters are as follows:
single-pulse removal volume of different materials, relative

wear ratio of electrode workpiece, electron escape work, etc.
,e machining experiment of the multimaterial electrode
with different combinations is carried out to verify the
validity of the simulation model.

2. Multimaterial Electrode EDM Continuous
Discharge Machining Model

Multimaterial electrode EDM has the same principle as
traditional EDM. ,e main difference lies in the change of
the processing electrodes. Different materials of electrodes
are combined into multimaterial electrodes. ,e different
characteristics of the wear and shape change of different
electrodes are used to complete the formation of complex
microsurface processing. Multimaterial electrode EDM is
shown in Figure 1.

2.1. Geometric Model Design of Multimaterial Electrode. It is
a critical step for EDM continuous discharge simulation
analysis to build an analyzable geometric model of a
multimaterial electrode and workpiece of EDM. ,e dis-
charge point of the electrode is determined by the distance
between the electrode and workpiece under certain dis-
charge parameters in the process of EDM. ,e electrode is
a three-dimensional axisymmetric entity as a whole, so the
discharge point will be evenly distributed on the end face
of the electrode. According to the above analysis, in the
simulation process, the influence of some unnecessary
factors is ignored reasonably in order to reduce the
amount of simulation calculation and the following as-
sumptions are made: Figures 2 and 3

(1) ,e multimaterial electrode and the workpiece are
both axisymmetric, and the three-dimensional
electrode and the workpiece are simplified into two
two-dimensional shapes to simulate the shape
change. Figure 2 shows a working photograph of a
multimaterial electrode, which is simplified as a two-
dimensional model separated by the center line as
shown in Figure 3.

(2) ,e discharge point depends on the minimum dis-
charge distance. When the minimum distance is
reached on different materials at the same time, the
material with small electron work function is pref-
erentially discharged; when multiple minimum
distances are reached simultaneously on the same
kind of material, discharge points are randomly
generated at many minimum distance positions.

(3) In each simulation of multimaterial electrode sim-
ulation, only one discharge crater is generated on
each of the two electrodes and the volume of a single
discharge is equal to the volume of crater obtained by
single-pulse discharge. ,e removal of the electrode
and the workpiece is determined by the relative wear
ratio of the electrode and the workpiece.

(4) If there is an overlap in the volume removed by two
discharges at adjacent positions, the overlap volume
is subtracted.
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(5) Short circuit, debris accumulation and secondary
discharges, the influence of the distribution of debris
on discharge probability, the influence of secondary
discharge on the shape change of electrode side, the

influence of discharge state on the volume of removal
material, the thermal and physical factors of working
liquid, the influence of environmental temperature
change, and flushing liquid are not considered.

According to the above analysis of modeling, the sim-
ulation electrode of multimaterial electrode EDM adopts a
two-dimensional model along the central axis, and the
corresponding processing workpiece also adopts a two-di-
mensional model. ,e two-dimensional model size of the
electrode and workpiece is the same as that of the multi-
material electrode experiments. ,e multimaterial electrode
machining model established in MATLAB is shown in
Figure 3.

2.2. Simulation Parameter Settings and Process Analysis.
,e EDM multimaterial electrode is composed of different
electrodes with diameters of 2mm. When two materials
are combined, the size of the electrode is 4mm × 10mm;
when three materials are combined, the size of the elec-
trode is 10mm × 6mm. ,e size of the workpiece is
10mm × 4mm. Other parameters used in MATLAB are
shown in Table 1.

Figure 4 shows the multimaterial electrode simulation
flowchart based on the powerful calculation function of
MATLAB software. By setting the single-pulse removal
volume of electrodes and the electrode workpiece wear ratio
and other simulation parameters, multimaterial electrode
shape change simulation analysis can be conducted. After
the model is established, the basic simulation parameters of
the model are set, including meshing. ,e removal volume
obtained by ANSYS of each material and the relative wear
ratio of the electrode workpiece are input whose correctness
has been verified by experiments. ,e following work is
mainly about the identification of discharge boundary,
determination of the position of the discharge point, and
selection of the removal strategy so as to simulate the process
of shape change in EDM of the multimaterial electrode.

2.3. ANSYS Simulation and Calculation of Single-Pulse Re-
moval Volume. ,e removal volume of single pulse of each
electrode and the wear ratio of electrode and workpiece are
obtained by ANSYS simulation and experiment. In the
simulation, the element deactivation method is used to
simulate the removal result of pulse discharge in multi-
material electrode EDM. ,e material removal volume in
single-pulse multimaterial electrode simulation can be ob-
tained by multiplying the number of removal elements by
the actual volume represented by each element. Simulation
parameters of single-pulse removal volume are shown in
Table 2.,e simulation parameters selected in Table 2 are the
same as the actual processing parameters.

,e continuous machining experiments of brass, copper,
and C45 were carried out on the multimaterial electrode
EDM machine with the same parameters as the simulation
calculation. Finally, the removal volume of each material in
the experiment under a single pulse is calculated, which can
be obtained by the following equations:

Workpiece

Pulse supply

Dielectric

Multimaterial tool

Gap

Figure 1: Multimaterial electrode EDM.

Material 1 Material 2

Figure 2: Multimaterial electrode work photos.
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Figure 3: Two-dimensional model of multimaterial electrode
workpiece machining.
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t
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V2 �
V

n
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where t is the machining time (μs); T is the sum of pulse-on
and pulse-off (μs); n is the number of discharge cycle; V2 is
the actual removal volume of a single-pulse material (μm3);
and V is the total volume removed by processing time t.

According to the above analysis and calculation, the
volume and relative wear ratio of each electrode material are
obtained by single-pulse removal as shown in Table 3.

2.4. Update Identification of Discharge Boundary of Multi-
material Electrode Workpiece. ,e numerical operation is
performed in MATLAB, which requires the connection
between the two-dimensional model and the numerical
value. ,e boundary of the model between the electrode
and the workpiece needs to be shown in MATLAB. ,e
initial discharge boundary is the lower surface of the
electrode and the upper surface of the workpiece. Figure 5
shows the discharge boundary of the multimaterial elec-
trode workpiece model. According to Figure 5, the dis-
charge boundary of the multimaterial electrode and
workpiece is different when discharging. ,e lower
boundary of the electrode and the upper boundary of the
workpiece shown in Figure 5 are the initial discharge
boundary. ,e discharge boundary changes correspond-
ingly with the machining.,en, the recognition function in
MATLAB is used to identify the coordinates of the lower
edge points of the electrode and the coordinates of the
upper edge points of the workpiece for the determination of
the discharge boundary position of the multimaterial
electrode and the workpiece in MATLAB. As the ma-
chining goes on, the discharge boundary will change be-
cause the electrode and workpiece will be removed. ,e
boundary recognition function inMATLAB is used to track
the boundary and update the discharge boundary. At the
discharge boundary, different discharge points are selected
to complete the discharge machining according to the
selection and removal strategy of discharge points.

2.5. Discharge Location Selection and Removal Strategy.
,e coordinate value of the boundary function is stored in
the register. With the calculation of electrode feeding, the

position of coordinate points is updated after material
removal, and discharge points are selected in the process of
the multimaterial electrode in EDM. (1) Determination of
initial discharge area and discharge point. It is necessary to
determine the material composition of the multimaterial
electrode and select the discharge electrode according to
the different probabilities of thermal field electric break-
down and the electric work function. After selecting the
discharge electrode, the discharge distance between the
electrode and the workpiece is the same, and the random
discharge selection is made. However, considering the
actual machining edge effect, the shortest distance between
the discharge electrode and the workpiece edge is selected
as the discharge point in EDM. (2) Determination of
discharge point after continuous machining discharge. In
the machining process, different materials are alternately
discharged.,e electrode area is distinguished according to
the value of the identified horizontal coordinate. After
continuous discharge machining, the shortest distance
position of the electrode workpiece is recalculated. At this
point, there will be several shortest distance discharge
points. ,ere are two cases: when the minimum distance
appears on different materials at the same time, the material
with less electron work function and higher breakdown
probability is set to discharge first; when multiple mini-
mum distances appear on the same material at the same
time, one of the shortest distances as the discharge point is
randomly selected. (3) A single discharge material removal
strategy for the multimaterial electrode. In the process of
multimaterial electrode simulation, only one discharge
crater is generated at each electrode for each discharge, and
the volume of a single discharge is equal to the removal
volume of a single-pulse discharge. ,e removal volume of
the electrode and workpiece is determined by the removal
volume and relative wear ratio of the electrode and
workpiece by single-pulse discharge. (4) Continuous dis-
charge removal strategy. After continuous discharge, the
shortest discharge distance appears on different materials
of the multimaterial electrode, and the discharge removal
volume will have an overlap condition. If there is no
overlap between materials 1 and 2, each material is re-
moved separately. If there is an overlap between material 1
and material 2 where two discharges occur, the volume
removed by the overlap is subtracted. Figure 6 shows the
removal strategy of the workpiece, and Figure 7 shows the
removal strategy for the multimaterial electrode material.

2.6. Experimental Designs of Multimaterial Electrode Con-
tinuous Discharge Machining. To verify the effectiveness of
the electrode material simulation model and analysis of
different combination materials of electrode shape change
law, a variety of multimaterial electrodes are designed by
combining copper, brass, and C45. ,e electrode materials
and their processing parameters are shown in Table 4. ,e
electrode materials shown in Table 4 are combined
according to the requirements. Different electrode materials
are connected in different order by the hot tin plating
method to make the multimaterial electrode. First, the

Table 1: Basic parameters of MATLAB simulation.

Parameters Description
Mesh size (μm) 1× 1
Discharge gap (μm) 5
Simulation time step (μs) 20
Feeding speed (μm/s) 1
Processing time (min) 3
Electrode materials Brass, copper, C45

Multimaterial electrode Brass-copper, C45-brass-copper,
C45-copper-brass

Workpiece material Die steel
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electrodes are tied together. Secondly, the tin is heated to
liquid and dropped on the electrodes. Finally, after the tin is
cooled, the electrodes are welded, as shown in Figure 8.

,e prepared multimaterial electrode is set to a constant
value by machining time, and the multimaterial electrode
forming process is performed. ,e shape of the multi-
material electrode after machining was observed by an
electron microscope and compared with the simulation
results, and the shape change law of the multimaterial
electrode was studied.

3. Multimaterial Electrode Simulation Results
and Experimental Results

3.1. Comparison and Analysis of Multimaterial Electrode
Simulation and Experimental Results for Two Materials.
Figure 9 shows a comparison of simulation and experi-
mental results for multimaterial electrodes with two mate-
rials. In Figures 9(a) and 9(b), the left side is copper and the
right side is brass. MATLAB boundary recognition function
is used to compare the simulated extraction curves of
multimaterial electrodes and the experimental identification
curves, as shown in Figure 9(c). According to the com-
parison between simulation and experiment shown in
Figure 9, the shape of the electrode wear calculated by the
simulation model is basically consistent with the wear shape
of the actual machining electrode. ,is shows that it can
accurately predict the shape change of multimaterial elec-
trodes and proves the effectiveness of the simulation model.
By comparing Figure 8 with simulation and experiment, it
can be seen that the wear of the brass electrode after

Geometric model 
establishment

Basic parameters: electrode size,
workpiece size, mesh division, etc.

Simulation parameters: single-pulse 
removal volume for each electrode; 

loss ratio of electrode workpiece

Start of simulation

Identify the coordinates of the electrode’s lower edge
Identify the coordinates of the edge points on the 

workpiece
Calculate the closest distance to the electrode workpiece

Identify material areas; find discharge points
Equivalent distance, priority discharge with low 

electron work function

Nearest distance ≥ discharge 
gap

Spark discharge to remove the single discharge volume 
of the corresponding material

Processing time ≥ set time

End

Electrode 
feed

Yes

No

Yes

No

Figure 4: Multimaterial electrode simulation flowchart.

Table 2: Simulation parameters of single-pulse removal volume in
ANSYS.

Parameters Description
Voltage (V) 45
Current (A) 0.8
,e grid size (μm) 1× 1
Electrode materials Brass, copper, C45
,e heat source Gaussian heat flux density
,e workpiece material Die steel

Advances in Materials Science and Engineering 5



machining is smaller than that of copper, and the depth of
the workpiece of the brass electrode is greater than that of
copper. ,e main reason for this phenomenon is that the

wear of multimaterial electrodes under the same ma-
chining conditions is influenced by the volume of single-
pulse removal, the relative wear ratio of the electrode
workpiece, and the electron work function. ,e single-
pulse removal volume mainly affects the wear of the
electrode. ,e relative wear ratio of the electrode work-
piece mainly affects the depth of the electrode machining,
and the electron work function affects the discharge
probability after the continuous discharge processing.
According to Table 3, the single-pulse removal volume of
the brass electrode is smaller than that of copper. So, under
the same discharge probability, the wear of brass after
continuous EDM is smaller than that of copper. Because
the relative wear ratio of copper is greater than that of
brass, when machining the same workpiece material, the
wear volume of red copper is larger than that of brass.
After the continuous electrical discharge machining, the
depth of the cavity on the workpiece of the copper is
smaller than that of brass. ,e above two reasons de-
termine that the wear of the brass electrode is smaller than
that of copper, and the depth of the cavity on the work-
piece of the brass electrode is greater than that of copper
after machining. According to Table 3, the electron work
function of brass is smaller than that of copper. After the
continuous discharge, the probability of discharge of brass
is greater than that of copper. However, the overall ma-
terial wear is smaller because the single removal volume of
brass and the relative wear of the electrode workpiece are
smaller.

Comparing the simulation results and the experimental
results shown in Figure 9, a multimaterial electrode com-
posed of brass and copper has formed a transitional surface
at the junction of the two material electrodes after ma-
chining. ,is is mainly due to the results of the interaction
between the properties of different materials. However, from
the comparison between the simulation curve and the

Table 3: Single-pulse removal volume and relative wear ratio of electrode materials.

Material Single-pulse removal volume, V2 (μm3) Electrode workpiece relative wear ratio (%) Electron escape work (eV)
Brass 150 18 3.34–5.24 (take 3.34)
Copper 180 22 5.24
C45 175 24 4.47

Electrode

Workpiece

Discharge 
boundary

Figure 5: Multimaterial electrode discharge boundary.

(a) (b)

Figure 6: Material removal strategy by simulation in workpiece
discharge. (a) Intersectional volume removal. (b) Material removal
by simulation.

Material
1

Material
2

(a)

Material
1

Material
2

(b)

Figure 7: Material removal strategy by simulation in multimaterial
electrode discharge. (a) Intersectional volume removal. (b) Material
removal by simulation.

Table 4: Multimaterial electrode materials and processing
parameters.

Parameters Description

Multimaterial electrode Brass-copper, copper-C45-brass,
C45-copper-brass

Workpiece material NAK80 die steel
Machining polarity Positive polarity
Time-on (μs) 12.5
Time-off (μs) 7.5
Breakdown voltage (V) 45
Peak current (A) 0.8
Electrode diameter (mm) 2
Processing time (min) 3
Working liquid Deionized water
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experimental curve, it can be seen that there is also a certain
deviation between the twomaterials, and the transition surface
at the connection in the simulation result is not as smooth as
the transition in the experimental result. ,e similarity be-
tween simulation and experimental curves is compared. R-
square (coefficient of determination) analysis is used, and the
result of R-square is 0.96. ,e value is close to 1, which means
the similarity of simulation and experiment is excellent. And
the curve at the edge in the simulation is not as smooth as the
experimental curve at the edge.,emain reason is that there is
debris in the working medium that induces discharge
breakdown (secondary discharge phenomenon), which will
remove the sharp corners and edges to the electrode. ,e
simulation did not consider the phenomenon of secondary
discharge, resulting in the deviation of simulation and ex-
periment. In fact, the reason is not only secondary discharge
but also the distortion of electric field at sharp corners and
edges during discharge, which leads to concentrated distri-
bution of electric field intensity, thus increasing the probability
of local discharge and causes sharp corners and edges to be
worn first, and it is also a cause of deviation.

3.2. Comparison and Analysis of Multimaterial Electrode
Simulation and Experimental Results for 8ree Materials.
Figures 10 and 11 show simulations and experimental com-
parisons of the shape changes of copper-brass-C45 and C45-
copper-brass multimaterial electrodes, respectively. According
to Figures 10 and 11, comparing the simulation and

experimental results of themultimaterial electrode composed of
these three materials, the overall shape of the multimaterial
electrodes predicted by the simulation is substantially consistent
with the actual machining results, indicating that the multi-
material electrode composed of these three materials in the
simulation has a good accuracy. By observing Figures 10 and 11,
the overall trend of electrode wear is C45> copper>brass
regardless of the combination order of materials.,is is mainly
related to the factors such as the single-pulse removal volume of
the electrode, the relative wear ratio of the electrode workpiece,
and the electron work function of the material.

,e main reason that the wear of copper is greater than
that of brass is the same as the reasonmentioned in Section 3.1.
And the main reason that the wear of C45 is greater than that
of copper is the single-pulse removal volume of C45 is smaller
than that of copper, but the two are similar. And the relative
wear ratio of the electrode workpiece of C45material is greater
than that of copper; therefore, when the removal volume is the
same, the C45 electrode removes less material on the work-
piece than that of copper, and this also makes the distance
between the C45 electrode and the workpiece material closer,
increasing the probability of secondary discharge. Because the
electron work function of C45 is smaller than the copper, after
continuous discharge, the probability of discharge of C45
material is greater than that of copper, which increases the
wear of C45 electrode. ,erefore, the electrode wear of C45
after continuous discharge is greater than that of copper.

By observing Figures 10 and 11, the multimaterial
electrodes of the same material combination will have

Copper Brass

1mm

(a)

C45 Brass Copper

1mm

(b)

C45 Copper Brass

1mm

(c)

Figure 8: Different composite multimaterial electrodes before processing. (a) Copper-brass multimaterial electrode. (b) C45-brass-copper
multimaterial electrode. (c) C45-copper-brass multimaterial electrode.
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different shape changes after machining due to the different
combination orders among the materials.,e end face of the
C45 electrode is relatively straight, and there is a certain
circular arc at the end of the copper wear, but it is not
obvious, and the end face of the brass is arc-shaped. ,is is
mainly because during machining, the deeper the depth of
processing is, the greater the probability of secondary dis-
charge occurs during discharge of the debris, which in-
creases the edge wear of the electrode and forms a fillet at the
sharp edges of the electrode. According to Figures 10 and 11,
at the junction of the multimaterial electrodes, no matter
how the electrodes are combined, corresponding transition
surfaces are generated. Comparing the curved surfaces with
the two connected areas shown in Figures 10(b) and 11(b),
the wear and shape of the multimaterial electrode are dif-
ferent. It can be seen that the arc formed between C45 and
brass is smaller than the arc between C45 and copper. ,is is
mainly related to the different wear characteristics of
multimaterial electrode materials. Comparing Figures 10(b)

and 11(b), it can be seen that the wear of C45 and copper is not
much different, and the arc at the junction after continuous
processing is larger.,ewear of C45 is very different from that
of brass, so the arc formed at the junction of the two materials
after continuous discharge is small. In addition, the curvature
of the junction between brass and copper shown in
Figure 11(b) is smaller than the arc of the junction between
copper and brass shown in Figure 10(b). ,is is mainly due to
the fact that compared with Figure 10(b), the wear of copper
shown in Figure 11(b) has increased, resulting in a greater
wear difference between the copper and the brass in
Figure 11(b) than that in Figure 10(b). ,e arc at the junction
after continuous discharges is smaller. ,e similarity between
simulation and experimental curves is compared.,e result of
R-square shown in Figure 10(c) is 0.90, and in Figure 11(c), it is
0.92. ,e value is close to 1, which means the curve in sim-
ulation and experiment is excellent.

In summary, the multimaterial electrode shape changes
simulation model proposed in this paper can better simulate
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Figure 9: Comparison of simulation and experimental results of multimaterial electrodes for two materials. (a) Copper-brass simulation
results. (b) Copper-brass experimental results. (c) Simulated extraction curve and experimental identification curve.
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the whole shape change trend of the multimaterial electrode
in machining and can predict the shape change of different
combinations of multimaterial electrodes and then predict
the shape of a complex curved surface with multimaterial
electrodes.

4. Conclusions

In this paper, the shape change rules of multimaterial
electrodes for EDM using the continuous discharge
simulation method and single factor experimental
method are discussed. ,e shape change of multimaterial
electrodes with different electrode material combinations
was analyzed. Comparing the simulation results with the
experimental results, the following conclusions can be
obtained:

(1) EDM shape change simulation was carried out
using MATLAB. By setting simulation parameters
such as single removal volume, relative wear rate,
and electron work function of different materials, it
is possible to effectively simulate the multimaterial
electrode shape change process and predict the
final electrode shape. R-square analysis of the
difference between the simulation and the exper-
imental data shows that the R-square of the copper-
brass multimaterial electrode is 0.96, and the R-
square of the copper-brass-C45 and C45-copper-
brass multimaterial electrode is 0.90 and 0.92,
respectively, which verifies the good fitness of the
two curves.

(2) In the process of the multimaterial electrode for two
materials, the less the single-pulse removal volume is,
the less the electrode workpiece relative wear ratio is
and the less the electrode wear is. ,e discharge

breakdown probability of materials with lower
electron work function is larger, which can promote
machining efficiency and increase electrode wear.
However, single-pulse removal volume and the
electrode workpiece relative wear ratio of materials
play more significant role than their electron work
function.

(3) When machining with multimaterial electrodes using a
combination of three materials, different material
combination orders will produce different shape
changes. For materials with similar wear volume, the
transitional arc at the junction of the two materials is
relatively large. For materials with large differences of
wear volume, the transitional arc at the junction of the
two materials is relatively small. When one material is
combined with different materials, the shape of the
junction will also be slightly different.
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Figure 11: Comparison of the simulation and experimental results of C45-copper-brass multimaterial electrodes. (a) C45-copper-
brass simulation results. (b) C45-copper-brass experimental results. (c) Simulation extraction curve and experimental identification
curve.
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