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Abstract. Purpose of this experiment is to test the influence of plating parameters on the surface quality of 

electrode by plating copper on to graphite electrode. The quality of surface for electrode in die sinking electro 

discharge machine (EDM) has major influence in finishing surface of the product from EDM process such as mold 

and die, The plating parameter that can affect plating behavior is mostly related to electrical properties such as 

conductivity. Thus this study focused on influence of input current, plating time and electrolyte concentration. 
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1.Introduction 

Die sinking electrical discharge machining (EDM) is one of the most used techniques for the making of die and 

mold cavities, by using electrode to produce opposite of its shape on the workpiece which must have low tolerance 

finished surface texture for better quality[1], therefore high electrical conductivity material was used to prepare 

electrode[2]. Mostly is copper electrode which commonly used in finishing surface, but due to its high thermal 

expansion which leads in difficulty of preparing electrode, graphite was introduced to being one of the material 

for electrode with its low thermal expansion, easy to prepare, in exchange for its workpiece finished surface has 

higher tolerance than copper's[3]. Therefore in order to have electrode which easy to prepare and can produce low 

tolerance in finishing the surface, electroplating method which can coat copper onto the desired workpiece is 

selected to be used for coating copper on graphite electrode, This study discusses the influence of electroplating 

parameters to surface quality of copper-coated onto graphite electrode. Using Taguchi method to a plating 

operation. Parameters namely current, time, solution concentration, pH of the bath, temperature, which had its 

effect on the amount and speed of coating copper onto graphite were considered in studying. The simulation will 

be carried out in order to observe the distribution of plating over the plating surfaces and then the experiment 

practicing will be conducted with the same conditions to confirm the influence of each parameter. Simulations 

were repeated by variate current, time and solution concentration but keep pH of bath and temperature in the range 

of 3.8-4.2 pH and 22-28 °C in order to increase precision of the results. 

2. Experiment detail 

In the present study of EDM Electrode plating, the electrode and plating materials were graphite and copper 

respectively. In order to observe influence of parameter to the quality of surface from plating copper on to 

graphite’s surface. Each parameter must be investigated. By using Taguchi method in order to identify the 

controlled factors in the plating process such as the thickness and surface roughness will be depended on current, 

solution concentration, pH of the bath, plating time and plating temperature. Trial and error processing time can 

be reduced by using the electric field analysis capability of simulator program (ANSYS 2019 R2) which can 

provide a method of predicting deposition behavior such as deposit distribution which can be used to describe the 

surface quality of plating surface. Then by repeating the experiment in practicing the plating process to measure 

real surface roughness and confirm distribution of plating particle. 

 

 

3. Experimental method 

3.1 Preparing for simulation 

 By using electric field analysis to perform a steady-state current conduction analysis of a conductive 

system which only electric potential (voltage) is the requirement for the degree of freedom. The approach is to 

specify a zero voltage at the grounded terminal of the circuit and a known voltage or direct current at the positive 

terminal then the unknown voltages can be solved. As current is assumed proportional to voltage, the current 

density can also be calculated and be used to predict distribution of plating particle over plating surfaces. 
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3.1.1  Input Parameters 

Input parameters for Material property of current conduction analyses are in terms of conductivity. Which 

is reciprocal of resistivity. Values for conductivity can be found for the material used for anode and cathode. On 

the other hand conductivity values for various concentrations of electrolyte (CuSO4+5H2O) in aqueous solution 

can be more difficult to obtain but are available by applied specific method, adapting Taguchi method for 

deciding input parameters with L18 as Table 1. 

 

Table 1. Input parameters.  

Level 

Plating Time 

(Seconds) 

Electrolyte (CuSO4+5H2O) 

Concentration (M) 

 

Current 

(Ampere) 

1 600 0.1 0.1 

2 1800 0.5 0.5 

3  1.0 1.0 

 

 

  By applying Taguchi L18 array, the parameters for simulations shown in Table 2. 

 

Table 2. Parameters on Taguchi Orthogonal Array L18.  

Simulation 

Plating Time 

(Seconds) 

Electrolyte (CuSO4+5H2O) 

Concentration (M) 

 

Current 

(Ampere) 

1 600 0.1 0.1 

2 600 0.1 0.5 

3 600 0.1 1.0 

4 600 0.5 0.1 

5 600 0.5 0.5 

6 600 0.5 1.0 

7 600 1.0 0.1 

8 600 1.0 0.5 

9 600 1.0 1.0 

10 1800 0.1 0.1 

11 1800 0.1 0.5 

12 1800 0.1 1.0 

13 1800 0.5 0.1 

14 1800 0.5 0.5 

15 1800 0.5 1.0 

16 1800 1.0 0.1 

17 1800 1.0 0.5 

18 1800 1.0 1.0 
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To simulate the plating process as discussed above input much be Current, Time and Resistivity, for 

resistivity of electrolyte (CuSO4+5H2O) must obtain from the calculation by using equation 1 [6]. 

  

y = 14.028𝑥−0.7548    (1) 

Where  

y = Resistivity 

x = Density in Kg/m3  

 

By given concentration in M, density in Kg/m3 can be calculated by using the molar weight of 

electrolyte and concentration, which molar weight for electrolyte (CuSO4+5H2O) is 249.68 g/mol. Given 

concentration is 1M, thus the density of electrolyte 1M in Kg/m3 will be 0.24968 Kg/m3. Resistivity for 0.1 and 

0.5 M must be calculated as well. The resistivity parameters for each material to be input in the simulation 

shown in Table 3. 

 

Table 3. Resistivity Parameters 

Material 

 

Graphite 

 Electrolyte (CuSO4+5H2O) 

Copper 0.1 M 0.5 M 1 M 

Resistivity ρ 

(Ω-m) 

3 x10-5 1.68 x10-8 227.3267 67.46336 39.98071 

      

3.1.2  Geometry 

 The plating process to be simulated occurred in a 600ml beaker with outer diameter of 90mm and height of 

124mm contain one 50mm by 50mm by 5mm anode and one 15 mm by 10mm by 10mm cathode which cathode 

material was graphite and the anode was copper 99.9% selecting meshing with 10-node tetrahedral as shown in 

figure 1. 

 

Figure 1. Simulation’s geometry 

 

The constant-current power supply source supplied 1 volt with variation of current values were 0.1A, 

0.5A and 1A on to copper anode. For electrolyte bath with variation of concentration were 0.1, 0.5 and 1 M with 

plating time for 10 minutes and 30 minutes and temperature in range of 22-25 degrees C. Geometry and 

boundary conditions of simulator allowed only a portion of plating beaker to be modeled, The model represented 

a 89mm diameter cylinder with height of 82.21mm. 

 



 

4 

International Workshop on Fundamental Research for Science and Technology 2019, Hua Hin  

     

 

3.1.3  Solution 

There‘s no need for any further condition in solution for the solution part in the analysis because it is the 

linear solution. 

 

 

3.2 Simulation result 

 The Deposit distribution results in the form of current density from simulation have a similar result pattern of 

distribution, the resulting pattern on the closest surface when plating are shown in Figures 2 with every 

conditions. 

 

                
Figure 2. Deposition pattern           

      

 The result from simulation shown the amount of input current and electrolyte concentration has a significant 

effect on current density which can cause changes in the behavior of plating[7]. Current densities are shown in 

Table 4 

Table 4. Current density 

Simulation 

Current Density  

Minimum(A/m2) Averaged(A/m2) Maximum(A/m2)  

1 0.41911 89.058 855.56  

2 2.0874 443.56 4261.2  

3 4.1727 886.68 8518.2  

4 0.42395 90.08 865.38  

5 2.0921 444.57 4270.9  

6 4.1774 887.68 8527.7  

7 0.4287 91.083 875  

8 2.0969 445.57 4280.5  

9 4.1821 888.68 8537.3  

10 0.41911 89.058 855.56  

11 2.0874 443.56 4261.2  
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12 4.1727 886.68 8518.2  

13 0.42395 90.08 865.38  

14 2.0921 444.57 4270.9  

15 4.1774 887.68 8527.7  

16 0.4287 91.083 875  

17 2.0969 445.57 4280.5  

18 4.1821 888.68 8537.3  

 

 From the result of current density in simulation, the influence of each parameter in the same condition has 

little influence on current density resulted in surface quality for each condition might not be much different from 

each other, except for plating time which didn’t have any influence on the simulation’s result. Only 1 sets of 

time should be enough to show difference in surface quality. However to confirm the influence of current 

density to surface roughness the experiment practicing will be conducted with the same conditions as the 

simulation. 

 

3.3 Experiment Practicing 

 Conducting the experiment practicing of plating by the same simulation parameters to confirm the deposit 

distribution on the surface and comparing the after plating surfaces result with before plating surfaces. Rz of 

each conditions are measured by using Mitutoyo surface roughness tester SV-2100. Results from the test are 

shown in Table 6  

  
 

Table 6. Rz of plating experiment 

Experiment 

Before plating  After Plating 

Rz(μm)  Rz(μm) 

1 7.812  8.556 

2 4.970  6.950 

3 4.222  6.113 

4 7.804  6.764 

5 6.446  6.441 

6 5.877  4.247 

7 4.702  6.360 

8 5.057  6.159 

9 5.907  5.940 

10 6.065  8.728 

11 5.660  8.327 

12 5.638  7.143 

13 8.154  11.219 

14 8.184  9.989 

15 8.421  8.445 

16 6.643  9.989 

17 5.587  4.887 
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18 6.089  4.339 
 

 

 

4.  Discussion 

From the practice experiment’s result, the influence on surface roughness of each electrolyte concentration 

with different input current can be described as Rz will decrease when there’s an increase in current and will give 

the best surface quality. This could also be applied to the different electrolyte concentration with same input current 

condition as well. If input current and electrolyte concentration is high enough when keeping other plating 

parameter such as temperature in stable condition then the quality of surface result in better finish surface dues to 

its resource of plating can keep up with the plating process to produce layers of copper on graphite surface.  

.  

5.  Conclusion 

 Due to limitation in experiment’s equipment, this study could be further improved in various way. The 

simulation result in form of current density could also be used to calculate for plating thickness by using faraday’s 

law. Which could help conduct more practicing experiment to increase accuracy of analyses due to plating 

thickness might influence the plating process. Resistivity might be changed from plating copper on surface which 

has high conductivity than graphite. This might cause changes in plating behaviour and result in different surface 

roughness. Also maintaining pH of bath and plating temperature could be done better with much close attention 

and specific tools which could produce more precise results for analyses. 
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