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ABSTRACT 
 
A single discharge temperature field simulation in micro electrical discharge machining (micro EDM) using finite 
element method is introduced, which mainly influences the materials removal of electrodes. With given process 
parameters, the materials removal amount of both tool electrode and work piece in single discharge were calculated 
considering heat source model, energy distribution and boundary conditions. The influences of process parameters 
on the material removal amount of anode and cathode respectively have been researched and discussed under the 
analysis of simulation results. Results show that the discharge current has more degree of influence on material 
removal amount than the discharge on-time is. Meanwhile, with the discharge current increases, the difference of 
material removal amount between anode and cathode in micro EDM enlarges. From the simulation results, it is 
interestingly found that the influences of material removal amount against discharge on-time are not the same as the 
discharge current. With the discharge on-time increases, the material removal amount of both the electrodes 
increases, but the difference of the removal amount between the anode and cathode has a maximum value at the 
discharge on-time of 8µs. The simulation results are helpful to select machining parameters in the discharge 
experiments for good machining performance. 
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INTRODUCTION 
 

Recent years, micro electro-mechanical system (MEMS) has been increasingly with the development of science and 
technology. The practical application of MEMS eventually relies on precision manufacturing technology with the 
features of high precision and high stability of small device or components [1-4]. As the machining dimension 
reducing, the traditional machining method has shown vain to meet the latest requirements in some cases. The micro 
machining technology needs to transform from traditional silicon material to the superior performance alloy 
materials, from traditional separation processing to integrate processing by various processing methods. 
 
The research of new micro machining method for metal micro parts fabrication in the micron or nanometer scale 
with three-dimensional processing capacity becomes urgent increasingly. It is well known that micro EDM has been 
widely used in the field of micro machining of electrical conductive material. When a discharge occurred between 
the tool electrode and the work piece, a little amount materials will be removed from both electrodes under the 
discharge energy. As the advantages of non-contact machining, discharge energy easy to be controlled, 
electro-thermal removal process and so on [5,6], micro EDM is now successfully used in micro machining of 
hard-to-cut materials, micro holes and micro three-dimensional metal structures.  
 
With the further research, many novel machining methods have been developed under the micro EDM discharge 
principle. An interesting phenomenon has been found when discharging in air, the materials of anode can be 
deposited on the cathode and form micro deposited materials, which process has been named as micro EDM 
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deposition process [7]. And now we can see that researching the removal amount of anode and cathode respectively 
in single discharge has the beneficial to understanding the discharge feature in micro EDM. 
 
It is difficult to observe or measure the discharge course as the discharge stochastic nature in micro EDM and little 
discharge distance. The material migration process in discharge has not form an undisputed explain. 
 
Numerous numerical simulation method have been tried to reveal the physical essence of discharging itself and 
many beneficial results have been obtained [8-11]. It is shown that different heat sources including point heat source, 
and circular heat source, Gaussian heat source and so on has been used in simulation and hoped to get close to the 
actual discharge. However, it is not easy to obtain a uniform simulation model to explain the discharge features in 
micro EDM. 
 
In this paper, a single discharge temperature field simulation in micro EDM using finite element method is 
introduced. From the view point of temperature field, the materials removal amount on both anode and cathode in 
single discharge will be researched. With given process parameters, the materials removal amount of both tool 
electrode and workpiece in single discharge were calculated considering heat source model, energy distribution and 
boundary conditions. The removal amount of materials from electrodes in simulation is assumed the areas where 
temperature exceeds the electrode material molten point. Then the material removal amount of anode and cathode 
can be calculated with different discharge parameters. We believed that this research of the maximum difference of 
removal amount between electrodes in single discharge will be a valuable point for selecting discharge polarity and 
optimizing discharge parameters. It is also beneficial to understanding the intrinsic of material migration process in 
both micro EDM removal and micro EDM deposition process. 
 
SINGLE DISCHARGE TEMPERATURE FIELD SIMULATIONS 
Relations of simulation with discharge parameters 
The purpose of this research is to establish the relation of simulation results and micro EDM discharge experiments. 
The removal amount of anode and cathode in single discharge can be calculated. The maximum removal difference 
between the electrodes can be obtained. In order to obtain the best machining performance, in micro EDM removal 
process, we can select the polarity to reduce the tool electrode wear, and we can select high level of tool wear to 
achieve micro EDM deposition process also. 
 
In micro EDM, when the distance between the electrodes is so small that the electric field force exceeds the 
insulation strength of the dielectric, cathode surface will emit a mass of electrons under the action of electric field 
force. The emitted electrons will be accelerated and moved to the anode and ions move to cathode. In this course, 
the high speed particles motion will collide with the dielectric medium particles, so that electric particles increase 
tempestuously to form a plasma discharge channel and generate a large amount of heat. Both anode and cathode will 
be melt or gasify a small amount. Then with the voltage drops into the pulse interval, single discharge terminate. 
 
Fig. 1 shows the relations of experimental discharge parameters with the numerical simulation results. The values of 
the discharge current, discharge on-time and discharge voltage in experimental parameters correspond to the energy 
input in the simulation. As the discharge voltage is usually sustained at a constant, the discharge current and 
discharge on-time are more important to influence the energy input. The discharge on-time can also be decided by 
the plasma diameter expansion, which expresses the heat source load area. The simulation results of maximum 
removal amount difference can be calculated and the value can be feed back to the experimental parameters to 
obtain the optimal machining performance. 

 
Fig. 1 Relations of simulation with discharge parameters 
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Simulation process 
Heat source model: In micro EDM, the thermal effect is closely related to the material removal process. A large 
portion of released energy by discharge forming a high temperature heat source transmits to the tool electrode and 
the workpiece. The surface heat source plays a major role on the material removal of electrodes. The surface source 
on the electrode is not displayed uniform as the discharge channel characteristics. The effect of heat flux density in 
the surface source will show as Gauss distribution, which is a normal heat source model adopted in the plasma 
numerical simulation. And the Gauss heat source has the better consistence with the particles distribution in 
discharge channel. Fig. 2 shows the Gauss heat source distribution. The particle density is highest in the center, 
lowest at discharge channel edge and zero at the point where heat flux density is lower than 0.05qm. 
 

 
 

Fig. 2 Gauss heat source model 
 
The Gauss heat source formula is shown as following relations: 
 

)exp( 2krqq(r) m −=                                                         (1) 
 

Where, q is the heat flux density at the radius of r (W/m2); qm is the maximum of heat flux density (W/m2); k is the 
coefficient of concentration. 
 
Then we define Q is the energy input on the Gauss heat source distribution area, U is the discharge voltage, I is the 
discharge current, η is the energy distribution factor. qm can be expressed as followed. 
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Combine with formula (1), we can obtain the heat flux density on the discharge channel. 
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It can be seen from equation (3) that the heat flux density is related with the discharge current, discharge on-time, 
energy distribution ratio and heat flux load area. 
 
Energy distribution ratio: As the polarity effect of EDM, the energy distribution into anode is not the same as 
cathode. The energy distribution factor η is key factor to influent the material removal amount of electrodes. Many 
studies have been acted to determine the value in given conditions. Hayakawa et al. [12] reported that the energy 
distributed into work piece was nearly 50%. Xia et al [13] believed that the energy distributed ratio to anode and 
cathode was about 40% and 25%, respectively. From the former researches, we can see that energy distribution is 
higher on the anode than that of cathode. And almost all the discharge energy is conducted into the electrodes, the 
heat dissipated by convection and radiation can be negligible in the micro EDM process. In this study, the energy 
distribution factor is selected 0.5 to anode and 0.25 to cathode. 
 
Heat source load area: The diameter of discharge channel between electrodes is the area of heat source load in 
simulation. The area is not a constant during discharge, but changes with the discharge on-time. In the initial stage of 
discharge, the discharge channel is so small that the heat flux is extremely high in this condition. With the discharge 
going on, the heat source load area will enlarge and the heat flux density will drop. The discharge channel expansion 
degree will be restricted by the discharge current [14]. Each discharge current will correspond to a largest discharge 
channel, namely, exceeding this value the discharge channel radius will not expand any more. 
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Considering the unique characteristics of micro EDM process, the discharge parameters should be selected the lower 
value including discharge current and discharge on-time to ensure the micro energy obtained. In order to enlarge the 
removal amount between anode and cathode, narrow discharge on-time should be used. 
 
Boundary Conditions and meshed model: In this simulation, a Fourier heat conduction equation is established 
and the boundary conditions are determined under the several suppositions. 
 
The initial temperatures of electrodes T=T0=298 Kelvin. The external areas of electrodes discharge surface are 
supposing insulated. The heat convection mode is used, which is expressed as  
 
q=h (TS−TB)                                                                       (4) 

 
Where, h is the heat convection coefficient, TS electrodes surface temperature (K) and TB is medium 
temperature (K). 
 
In order to guarantee the accuracy of the calculation and the less computing time in simulation, 1/8 research area of 
discharge point and non uniform mesh model has been used. The mesh model is shown in Fig. 3. 
 

 
Fig. 3 1/8 discharge point and non uniform mesh model 

 
RESULTS AND DISCUSSION 

 
Results of material removal with discharge on-time 
In simulation, the discharge current was set as 4A, and the discharge on-time was set as 2µs, 4µs, 8µs and 
16µs respectively. The energy distribution factor η was set as 25% for cathode and 50% for anode. We 
believe that the material removed amount in single discharge is the volume where temperature is higher 
than the material melt point. And the simulation results are shown in Fig. 4 using discharge current 4A, 
discharge on-time 2µs. 
 

a)                           b) 
Fig. 4. Simulation results a) cathode, removal radius 5.6µm, depth 4.5µm. b) anode, removal radius 7.8µm, depth 6.8µm 
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Repeating the similar simulation process, we can obtain the removed volume on anode and cathode of single 
discharge under rest discharge on-time, and the results are shown in Figure 5. 
 

 
Fig. 5. Removed volume with discharge on-time 

 
Figure 5 show that the removal volume of anode, cathode and the volume difference under the different discharge 
on-time of 2µs, 4µs, 8µs and 16µs and the discharge current set 4A. We can see that with the discharge on-time 
increases, the removed volume (melted material) increases both anode and cathode. It is interesting that there is a 
peak value of removal volume difference at about 8µs of discharge on-time. It is helped to select discharge 
parameters for obtaining the maximum removal difference between tool electrode and work piece. 
 
Results of material removal with discharge current 
In this process, the discharge on-time was set at 4A, and the discharge current was set at 2A, 4A, 8A and 16A 
respectively. The energy distribution factor η was set as 25% for cathode and 50% for anode according to the 
analysis of above. And we can obtain the removed volume on anode and cathode of single discharge under different 
discharge current. The simulation results are shown in Fig. 6. 
 

 

Figure 6. Removed volume with discharge current 
 
From the figure we can see that with the discharge current increases, the removed volume (melted material) 
increases both anode and cathode. There is not a peak value in the difference curve of the two electrodes. But 
when the discharge current exceed the value of 8A, the removed volume of electrodes and the removal 
volume difference are all increased extremely. So in discharge experiments, we can enlarge the discharge 
current to increase the removal volume difference between tool electrode and workpiece. 
 

CONCLUSION 
 
In this paper, a single discharge thermal simulation of anode and cathode are researched, and the removal 
volumes of anode and cathode in single discharge under different discharge energy are analyzed. The 
following conclusions are drawn. 
 
(1) It is believed from the simulations that the discharge on-time and discharge current are the primary 
factors to influence the removal amount volume of electrodes in micro EDM process. 
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(2) The influence of material removal amount by discharge current is higher that of the discharge on time. 
The higher the discharge current is, the larger the removal volume difference in single discharge between 
anode and cathode is.  
 
(3) Simulation results show that there is a peak value of removal volume difference between anode and cathode 
at discharge on-time with 8µs. It is helped to determin discharge parameters range for the experiments. 
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