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ABSTRACT 

This study used an experimental methodology to improve the input 

parameters and outputs of the electrical discharge manufacturing 

process for the purpose of improving the metal surface roughness (Ra) 

as a measure of the process performance during machining of DIN 

1.2080 alloy steel. Tagushi method is utilized as design and 

optimization approach. Four input parameters are considered, which 

are electrode diameter (D), discharge current (Ip), pulse on time (Ton) 

and the operating factor (η). Signal to noise ratio is used as an 

analytical tool. Through the final results of the adopted optimization 

methodology, the optimum values of the inputs were obtained as 

follows: electrode diameter at level1 (15mm), discharge current at 

level1 (9A), pulse on time at level2 (1200µs) and duty factor at level2 

(0.8), the value of the surface roughness decreases by 2.05 times at the 

optimized process parameters than the initial process parameters, 

whereas it is decreased from 6.30 µm to 3.07 µm. Taking into 

consideration the standard  (smaller is better). The results of the main 

effect diagram indicated that the factors: electrode diameter, and 

discharge current were the most important parameters influencing the 

surface roughness, followed by pulse on time, and duty factor. 
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1.   INTRODUCTION 

Electrical discharge machining (EDM) referred as spark machining, it is a non-traditional 

manufacturing process between a tool called electrode and the workpiece in the presence of a 

dielectric fluid. Nowadays, EDM is widely used in the industrial field to produce high 

complicated parts such as in automotive and aerospace. 
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This process is done by applying high-frequency current to the sample, which melts the 

material, the electrode does not touch the workpiece, but potential current is discharged 

through a dielectric fluid across a very small gap. “The spark is reported to be up to 12000°C, 

this process is used when the workpiece material is hard, and the shape is not easy to machine 

using traditional manufacturing processes” [1]. Applying optimal parameters setting is very 

important before starting the EDM machining process to get the best results of the surface 

roughness; this reduces the production cost and developing the product’s quality. The basic 

principle of the electric discharge machining, that material is removed from the workpiece 

through melting and vaporization of material, sparks are generated between electrode and 

sample, high temperatures are formed due to the sparks occur between the two surfaces. 

Workpiece material melts and vaporizes and it is carried away from the gap by the dielectric 

flow. 

In this way several sparks occur until the tool surface shape is formed in the workpiece as 

shown in figure 1. Finally, the tool shape is formed on the workpiece [2]. There are a lot of 

applications of EDM in the industry like automotive industry, such as: cylinders, gears,  and 

many other engine parts are obtained from EDM technology [3]. 

The important process parameters which influence the responses are: electrical parameters 

(generator power supply produces the pulse current at the machining gap [4]. Voltage (V) that 

depends on the electrode gap. pulse-on time (Ton) It is the time during which actual 

machining takes place and it is measured in μs. Reference [5] investigated the effect of the 

electrical parameters on EDM outputs, and developed a significant regression model, it is 

found that pulse on time and discharge current have a significant effect on EDM responses. 

Also there are non- electrical parameters affect the EDM process, such as: electrode material 

must be good electrical conductors. Commonly used materials include graphite, copper, 

copper-graphite alloys. All EDM electrode materials must possess certain properties in order 

to perform economically in a given application [6]. Another important non electrical factor is 

dielectric fluid, It is applied at machining medium for cooling and to remove the melting 

material away from machining zone. 

Responses of the EDM process are the performance measures used to evaluate the efficiency 

of the process, this article investigated and optimized the surface roughness Ra as 

performance response using Tagushi approach. Ideal surface roughness may be specified in 

various ways, but the common method is the 2D arithmetic average method, Ra (μm), The Ra 

value is obtained by averaging the height of the surface above and below the center line, some 

scratches by the tool are gnereted. however 3D method could be used as well. Refer to [7] a 

study to optimize the process parameters in machining of 6061Al metal using wire electrical 

discharge machining was introduced, four input process parameters, voltage, pulse-on time, 

pulse-off time, and wire feed rate, were picked as factors to study the surface roughness. It is 

discovered that the voltage and wire feed rate are highly significant factors and pulse off time 

is not significantly. 
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In [8] surface roughness Ra model was built up for the parameters of current and electrode 

type. It is found the current has very significant impact on roughness. 

 The changes of product surface during the EDM process have been studied by many 

researchers, The thermal effect may also cause cracks and stresses in the top surface. EDM 

has great advantages, the most important one is ability of machining complicated product 

shapes, regardless of material strength and hardness, but reducing Ra is a big challenge [9]. 

Taguchi design and optimization method is known as a widely used tool for the improvement 

of quality, compared to classical experimental design, taguchi method makes the design of the 

experiments to achieve the desired product quality. The Taguchi method uses signal-to-noise 

ratio (S/N) to turn the trials result data into a value of the characteristics to analyze them. The 

S/N reflects both the average and the variety of the quality characteristics. The standard S/N 

ratios generally used as follows: larger-the-better, smaller-the-better and nominal-the-best. 

The optimal setting in this article is the parameter combination, which has the smallest S/N 

ratio, in this study, smaller-the-better way is used to optimize Ra. 

 

Figure 1. EDM Process 

2.  MATERIALS AND METHODS 

In this study the experimental work was performed, the experimental setup, selection of the 

workpiece material, and design of experimental process are selected. Surface roughness is 

measured using ALPA-SMRT20 device. A series of experiments on the EDM machine for 

tool steel (DIN 1.2080) was conducted to study and examine the effects of the input 

machining parameters; current Ip, pulse on time Ton, duty factor η, and electrode diameter D 

on the output variable Surface Roughness Ra. Charmilles Roboform FORM 2-LC EDM die 

sinking machine was used for experiments as shown in figure 2. 
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Figure 2. Charmilles Roboform 2-LC Electrical Discharge Machine. 

The workpiece material used in this study was tool steel (DIN1.2080) alloy, chemical 

composition is shown in table 1. A Three shafts (∅ 25 mm x 31 mm length), (∅ 20 mm x 31 

mm length) and (∅ 15 mm x 31 mm length), with nine pieces for each shaft were used. 

Table1. Chemical Composition. 

Elements C Si Mn Cr Mo V Ni 

Composition 2.2 0.42 0.32 12.25 0.03 1 0.3 

 

The electrode materials used in this research were copper, three shaft bars at different 

diameters are used, (∅ 30 mm x 71 mm length), (∅ 20 mm x 71 mm length) and (∅ 15 mm x 

71 mm length). The dielectric fluid has been used is mineral kerosene. The surface roughness 

Ra is measured to evaluate machining performance as shown in figure 3. 

 

 

Figure 3. Surface Roughness Device. 
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The Taguchi and signal to noise ratio approach is used to design the experiments and to 

establish optimum process settings. Analysis of variance ANOVA is performed to analyze the 

effect of input parameters on the surface roughness, minitab software is utilized for this 

purpose. Four input parameters are chosen in this study: electrode diameter, current, pulse on 

time, and duty factor, each parameter has three levels, as shown in table2. 

 

Table 2. Control Factors and Their levels. 

Controllable Factors 
Factors 

Designation 
Levels 

Level 1 Level 2 Level 3 

Electrode Diameter D 15 20 25 

Current Ip 9 16 25 
Pulse on time Ton 300 1200 2400 

Duty Factor η 0.65 0.8 0.9 
 

 

In this work, an L9 orthogonal array is used, the experimental layout for the machining factors 

are shown in table 3. The experimental setting is shown in table 4. 

Table 3. Experimental layout using an L9 standard orthogonal array. 

Experiment 
No. 

Factor A 
Electrode 
Diameter 

Factor 
B 

Current 

Factor 
C 

Pulse 
on 

Factor D 
Duty Factor 

1 1 1 1 1 

2 1 2 2 2 

3 1 3 3 3 

4 2 1 2 3 

5 2 2 3 1 

6 2 3 1 2 

7 3 1 3 2 

8 3 2 1 3 

9 3 3 2 1 

 

 

An EDM machine (FORM 2-LC) was used in this study, experiments were run, machining 

time for each run in the experiments was 45 minutes and each experiment is repeated three 

times, the surface roughness was measured in each experiment 
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Table 4. Experimental setting  

Experiment 
No. 

A 
Electrode 
Diameter 

B 
Current 

C 
Pulse on 

Time 

D 
Duty 

Factor 

1 15 9 300 0.65 

2 15 16 1200 0.80 

3 15 25 2400 0.90 

20 9 1200 4 0.90 

5 20 16 2400 0.65 

6 20 25 300 0.80 

7 25 9 2400 0.80 

8 25 16 300 0.90 

9 25 25 1200 0.65 

 

3.  RESULTS 

After finishing all experiments, Ra was measured in each run, table 5 shows the results. 

Development of the surface roughness (Ra) regression model: through the obtained data, the 

model for surface roughness (Ra) was developed using linear regression. The surface 

roughness was the dependent variable, the independent variables are electrode diameter, pulse 

on time, current, and duty factor. The data were analyzed by minitab 16 software. The 

adequacy of model has been checked using correlation coefficients (R
2
). Developed model 

can be used to predict values of surface roughness. A regression analysis is applying the least 

squares method to the experimental data to obtain the coefficients of the model, the following 

equation (1) is attained for surface roughness Ra. 

Ra= - 0.645 + 0.317Di + 0.4411 Ip – 0.000567 Ton + 0.98ɳ    (1) 

Correlation coefficient R2 =96.6%,  R2(adj) =93.1%,  S = 0.906388 

Table 5. Results for surface roughness (Ra) 

Run No Sample No Ra (µm) Average Ra (µm) 

1 

A1 3.3 

3.32 B1 3.2 

C1 3.5 

2 

A2 4.8 

4.96 B2 5.1 

C2 5 

3 
A3 9.5 

9.53 
B3 9.4 
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C3 9.7 

4 

A4 3.4 

3.54 B4 3.6 

C4 3.6 

5 

A5 6.3 

6.30 B5 6.9 

C5 5.8 

6 

A6 10.5 

10.5 B6 10.4 

C6 10.6 

7 

A7 4.7 

4.56 B7 4.4 

C7 4.6 

8 

A8 10.3 

10.21 B8 10.1 

C8 10.3 

9 

A9 12.4 

12.56 B9 12.6 

C9 12.7 

 

ANOVA is useful for identifying the level of significance of the developed model. If the p- 

value of a term appears less than 0.05 (for 95% confidence level) then it is concluded that the 

model is significant. The result of ANOVA is shown in table 6. From Anova table regression 

is significant because p-value is less than 0.05. The regression model presented high 

determination coefficient (R
2
= 96.6%) which indicates goodness and high significance of the 

model. 

Table 6. Analysis of variance for Ra model. 

Source DF SS MSS F P Remarks 

Regression 4 92.474 23.119 

 

28.14 

 

0.003 

 

Significant 

Residual Error 4 3.286 0.822    

Total 8 95.760     

 

Optimization of surface roughness (Ra): To optimize the process parameters and the output 

response, the experimental results are transferred to signal-to-noise ratio (S/N ratio), to 

measure the quality characteristics deviating from the desired values. Signal-to-noise ratio for 

surface roughness (Ra) is calculated with consideration of smaller-is-better (SB) 
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characteristics according to equation (2). Experimental results and their corresponding S/N 

ratio are shown in table 7. The S/N ratio for each level of process parameters was calculated, 

the optimal combination of process parameters for the response has been predicted. 

The formula for the smaller-is-better S/N ratio using base 10 log is: 

S/N = −10*log(Σ(Y2)/n)        (2) 

Where Y = responses for the given factor level combination and n = number of responses in 

the factor level combination. 

Table 7. Experimental Results and S/N for Ra. 

Run No Ra (µm) S/N Ra 

1 3.32 -10.4228 
2 4.96 -13.9096 

3 9.53 -19.5819 
4 3.54 -10.9801 

5 6.30 -15.9868 
6 10.57 -20.4815 

7 4.56 -13.1793 
8 10.21 -20.1805 
9 12.56 -21.9798 

 

The mean S/N response table for surface roughness is shown in table 8. 

Figure 4 shows the main effects on surface roughness, it is clear that the parameters: 

discharge current and electrode diameter have a significant effect, pulse on time and duty 

factor are found to be less significant. Optimal results could be got from the main effect plot, 

selecting the smallest levels of S/N ratio values. Therefore, based on the S/N analysis, the 

optimal process parameters for the surface roughness are as follows: electrode diameter at 

level1 (15mm), discharge current at level1 (9A), pulse on time  at level2 (1200µs) and duty 

factor at level2 (0.8) i.e Di1-Ip1-Ton2-η2. 

Table 8. Mean S/N ratio for Ra. 

Symbol 
Process 

parameters 

Mean S/N ratio 

Level 1 Level 2 Level 3 Max-Min Rank 

Di Electrode Diameter -14.64 -15.82 -18.45 3.81 2 

Ip Discharge Current -11.53 -16.69 -20.68 9.15 1 

Ton Pulse on -17.03 -15.62 -16.25 1.41 3 

η Duty Factor -16.13 -15.86 -16.91 1.06 4 

Total mean S/N ratio = -16.3002 
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Figure 4. Main effect plot for S/N ratio Ra. 

Conformation experiment has been carried out to verify the improvement of the response 

using the optimal combination of the process parameters. Results of conformation experiment 

using the optimum process parameters and initial process parameters are shown in table 9. 

Good agreement was found between predicted and experimental values. The improvement of 

S/N ratio from the initial process parameters to the optimal process parameters is 6.224 dB. 

Based on the results of the confirmation test, the surface roughness is decreased by 2.05 

times. 

Table 9. Results of confirmation experiment for Ra. 

Level/Response 
Initial process 

parameters 

Optimal Process Parameters 

Prediction Experimental 

Level Di2-Ip2-Ton3-η1 Di1-Ip1-Ton2-η2 Di1-Ip1-Ton2-η2 

Surface Roughness 
[µm] 

6.30 2.74 3.07 

S/N Ratio [dB] 8689151- -8.7447 -9.7427 

Improvement of 
S/N Ratio  6.244  

4.  CONCLUSIONS 

Taguchi's design and optimization methodology are utilized for minimizing the surface 

roughness during EDM machining of DIN 1.2080. From the study results, it is concluded that: 

based on ANOVA analysis, the developed regression model is statistically significant. 

According to the S/N analysis and the main effect plot, current and electrode diameter have 

the greatest effect on surface roughness, pulse on time and duty factor has less effect, the 

optimal process parameters are as follows: electrode diameter at level1 (15mm), discharge 
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current at level1 (9A), pulse on time  at level2 (1200µs) and duty factor at level2 (0.8) i.e Di1-

Ip1-Ton2-η2. Where the value of the surface roughness is decreased 2.05 times at the 

optimized process parameters than the initial process parameters, whereas it is decreased from 

6.30 µm to 3.07 µm. 
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 الولخص
  

اسخخذيج هذِ انذراست يُهجيت حجزيبيت نخحسيٍ يذخلاث ويخزجاث عًهيت 

( Raانخصُيع بانخفزيغ انكهزبائي نغزض ححسيٍ خشىَت انسطح انًعذَي )

. حى DIN 1.2080كًقياص لأداء انعًهيت أثُاء حشغيم سبائك انصهب َىع 

يذخلاث حى اخذها في اسخخذاو غزيقت حاقىشي نهخصًيى وانخحسيٍ. أربع 

( T( ، سيٍ انُبط )Ip( ، حيار انخفزيغ )Dالاعخبار، وهي قطز الانكخزود )

(. حى اسخخذاو َسبت الإشارة إنً انعىظاء كأداة ححهيهيت. ηوعايم انخشغيم )

يٍ خلال انُخائج انُهائيت نًُهجيت انخحسيٍ انًعخًذة. حى انحصىل عهً انقيى 

يى( ،  15) 1خاني: قطز الانكخزود عُذ انًسخىي انًثهً نهًذخلاث عهً انُحى ان

 2( ، سيٍ انُبط عُذ انًسخىي A9) 1حيار انخفزيغ عُذ انًسخىي 

(1211µs وعايم انخشغيم عُذ انًسخىي )(. حقم قيًت خشىَت انسطح 1.8) 2

يزة عُذ انقيى انًحسُت نهًذخلاث عٍ انقيى الأونيت ، حيث اَها  2.15بًقذار 

ييكزويخز. أشاريخطػ انخأثيز  3.17زويخز إنً ييك 6.31اَخفعج يٍ 

انزئيسي إنً أٌ انعىايم: قطز الانكخزود، وحيار انخفزيغ كاَا يٍ أهى انعىايم 

 انًؤثزة عهً خشىَت انسطح ، يهيها سيٍ انُبط، وعايم انخشغيم.
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