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Abstract. In Electrical Discharge Machining (EDM) process, electrode surface 
roughness affect the EDM processed work piece. It's known that the machining 
condition with EDM process is electrode material and surface roughness. This 
research aims to identify factors that influenced the surface quality of the copper 
electroplating onto the graphite electrode with electroplating for the EDM process. 
The experiment has been conducted using Taguchi method with L18 array. The 
experiment’s parameters were varied, The current density was designed 3 levels of 
0.00037 A/mm2, 0.00185 A/mm2, 0.0037 A/mm2 respectively. The electrolyte 
concentration was designed 3 levels start from 0.1 mol, 0.5 mol and 1.0 mol 
respectively. The electroplating time was designed 600 seconds and 1800 seconds. 
The result of Ra from coated surface as highest coming from current density. Which 
current density of 0.0037 A/mm2 and electrolyte concentration of 1 mol giving the 
best result of surface roughness Ra 0.266 μm. On the other hand, the electroplating 
time had less impact on surface roughness.    
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1.  Introduction 

Die sinking EDM is widely used techniques for the die and mold cavities making. The 
electrode are an importance tool in this process, because of process need low tolerance and good 
finished surface texture quality, therefore high electrical conductivity material was required to make 
electrode. The copper electrode, commonly used for this process. However, the copper had high 
thermal expansion and difficult to prepare electrode, graphite was employed as one of the material for 
electrode with low thermal expansion. In contrast, this work piece finished surface has higher 
tolerance than copper's[1,2,3]. Therefore in order to have electrode which simple to prepare and can 
produce low tolerance in finishing work piece’s surface. The composite material electrode was 
employed for making electrode. However, cost and equipment for powder metallurgy of mixed copper 
and graphite powder wasn’t affordable by many. Electroplating method was selected for coating 
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copper on graphite electrode, Since the electrode required accuracy and precision of its shape as much 
as possible. The electroplating parameters influence on surface roughness of copper electroplating 
onto graphite electrode in the EDM process had to be investigated. Using Taguchi method to an 
electroplating operation. Taguchi experimental design method was developed by Genichi Taguchi to 
analyze the influence of experimental parameters and determined optimum process parameters. 
Taguchi suggested in using orthogonal arrays of controlling factors and levels to design experiments. 
This method not only can reduce the experimental cost but also enhances the reliability of the analysis 
results. In the method, signal to noise ratio (S/N ratio) was employed to analyze the contribution of 
each experimental data. The S/N ratio can be calculated according to the requirements of nominal-the-
better, smaller-the-better, and larger-the-better. The objective function for Taguchi method in this 
study is smaller-the-better. Due to aiming for minimizing variation and reducing average[4]. The 
parameters namely current, time, solution concentration. Which had effects on the amount and speed 
of coating copper onto graphite were considered in studying electroplating characteristics. To select 
for appropriate Taguchi orthogonal array, The degrees of freedom are to be calculated. Then, applying 
Taguchi orthogonal array to electroplating operation. The number of experiment can be obtained.  
Besides, the analysis of variance (ANOVA) can indicate the contribution and significance of 
experimental parameters as well. 

2.  Materials and Methods 
 

In this experiment, the electroplating process will be conducted with copper anode of 
5x50x50mm and graphite cathode of 5x10x15mm. Which will be electroplated in the electrolyte of 
CuSO4+5H2O. In order to observe the electroplating process. Electrolyte concentration, electroplating 
time and current density must be controlled factor with the noise factor of before electroplating surface 
roughness; The electroplating copper current density is from 0.00037 to 0.0037 Ampere/ milimeter2[5]. 
The electrolyte concentration and electroplating time could be vary. Thus by the levels for each 
parameters will be after current density, With 3 factors for experiment, 3 levels for each parameters. 
Then the suitable orthogonal array for 3 factors with 3 levels is 33 = 27 which will be L27; however, in 
the limitation of the specimen’s number, Taguchi L18 array will be used instead of L27. One 
parameter must be at 2 levels instead of 3 levels. By adapting Taguchi method to electroplating 
operation to decide electroplating parameters for Taguchi L18 array as Table 1. 

 
Table 1. The selected factors and their levels.  

Level 
electroplating Time 

(Seconds) 

Electrolyte 
(CuSO4+5H2O) 

Concentration (mol) 

 
Current density 

(Ampere/ milimeter2) 
1 600 0.1 0.00037 

2 1800 0.5 0.00185 

3  1.0 0.0037 

 
With the electroplating time at 2 levels could be enough for clarify contribution of 

electroplating time to surface roughness. Applying Taguchi L18 array, the parameters for experiment 
shown in Table 2. 
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Table 2. The parameters on Taguchi Orthogonal Array L18.  

Experiment 
Plating Time 

(Seconds) 

Electrolyte 
(CuSO4+5H2O) 

Concentration (mol) 

 
Current density 

(Ampere/ milimetre2) 
1 600 0.1 0.00037 

2 600 0.1 0.00185 

3 600 0.1 0.0037 

4 600 0.5 0.00037 

5 600 0.5 0.00185 

6 600 0.5 0.0037 

7 600 1.0 0.00037 

8 600 1.0 0.00185 

9 600 1.0 0.0037 

10 1800 0.1 0.00037 

11 1800 0.1 0.00185 

12 1800 0.1 0.0037 

13 1800 0.5 0.00037 

14 1800 0.5 0.00185 

15 1800 0.5 0.0037 

16 1800 1.0 0.00037 

17 1800 1.0 0.00185 

18 1800 1.0 0.0037 

  
  After the condition for each runs had decided. In order to minimizing the variation of 
electroplating for electroplating copper experiment. Each equipment and condition of equipment 
setting must be identical for each runs. Power supply of 30V 3A was employed in this experiment. 
The electroplating process was conducted in 600 ml beaker containing 500 ml of electrolyte which 
will be replaced for each run. The distance between anode and cathode is 50 mm. Maintaining voltage 
in electrolyte at 1 V. 

3.  Result  
 

 3.1 Surface roughness 
 
The surface result Ra of electroplating comparing with the surface roughness before and 

after electroplating of each condition are measured by using Mitutoyo surface roughness tester  SV-
2100, result from the test are shown in the sample of best result also shown in Figures 1 and Table 6. 
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Figure 1. Experiment condition 9 (600 seconds, 1.0 M, 0.0037 A/mm2)   

(a) Before electroplating, (b) After electroplating  
  

Table 3. Experiment result  

Experiment 
Before electroplating  After electroPlating  SNR 

Ra(μm)   Ra(μm)   (dB) 
1 0.208  0.836  1.556 
2 0.198  0.762  2.361 
3 0.14  0.474  6.484 
4 0.178  0.871  1.2 
5 0.135  0.386  8.268 
6 0.369  0.295  10.604 
7 0.278  0.997  0.026 
8 0.207  0.684  3.299 
9 0.207  0.266  11.502 
10 0.193  0.745  2.557 
11 0.23  0.519  5.697 
12 0.301  0.477  6.43 
13 0.201  0.948  0.464 
14 0.285  0.621  4.138 
15 0.249  0.443  7.072 
16 0.158  0.989  0.096 
17 0.134  0.656  3.662 
18 0.232   0.705   3.036 

 
  

From the result, each condition gave Ra within the range of 1.6 μm which under JIS standard 
for electrical discharge carving’s surface roughness of Ra. In this study, the surface roughness will be 
lower when the current density is 0.0037 A/mm2 and concentration of 1.0 M as well as the 
electroplating time of 600 seconds. With function for the Taguchi method in this experiment, the S/N 
ratio application is smaller-the-better. For the best result’s S/N ratio is 11.502. Which indicated the 
signal factors contribution is over noise factor. However, the worst result’s S/N ratio is 0.026 indicated 
noise factor contribution is over signal factors. Thus the optimal parameter for the best result must be 
considering the noise factor as well. 

 

(a) (b) 
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In order to find the optimal parameter of the best result. The equation to predict the surface 
roughness from each parameter is required. The multiple regression and ANOVA was employed to the 
result and electroplating parameters to find the coefficients and contribution for each parameters[6]. 
The result show in Table 4. 

 
Table 4. Multiple regression and ANOVA result 

Factor Coefficients Contribution 
Ra before electroplating 2.03455 15.26% 
Electroplating time 0.00018 0.60% 
Electrolyte concentration 0.30965 6.24% 

Current density -113.310 74.85% 
 
 Thus the relation equation is as equation(1). 
 
                              (1) 

 
 Where Raa is surface roughness after electroplating in μm, Rab is surface roughness before 
electroplating in μm, t is electroplating time in seconds, M is electrolyte concentration in mol, J is 
current density in A/mm2. 
 
 The percentage contribution, on one hand current density had significant effect on the 
electroplating surface roughness, on the other hand electroplating time had less effect on surface 
roughness with the electrolyte which had slightly effect on surface roughness. However, the 
contribution of Ra before electroplating is in the form of error dues to being the noise factors. Thus by 
further investigated with consideration in surface roughness before electroplating might reducing the 
error. In additional with the increasing number of experiment, could produce more precise analysis of 
result. Which the more precise surface roughness’s prediction equation might be obtained. 

4.  Conclusion 
 

The variation of experiment parameter of  the current density of 0.00037 A/mm2, 0.00185 
A/mm2 and 0.0037 A/mm2. At the 0.0037 A/mm2 will give the best result of surface roughness. Also 
with variation of the electrolyte concentration of 0.1 mol, 0.5 mol and 1.0 mol. At the 1.0 mol will 
give the best result as well. Further more with variation of electroplating time of 600 seconds and 1800 
seconds. At 600 seconds will give the best result. Thus in this experiment, electroplating at current 
density of 0.0037 A/mm2, electrolyte concentration of 1.0 mol and electroplating time of 600 seconds 
gave the best surface result at 0.266 μm. The Taguchi method and ANOVA the current density 
indicate the most contribution factor is surface roughness with electroplating time has least 
contribution. The mathematical relationship equation from the multiple regression could be used as 
guiding in copper electroplating onto graphite in the future.  
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