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ABSTRACT: - Machining hard material by Electrical Discharge Machine the processing 

parameters have influence on material removal rate, electrode wear and Surface roughness. In 

order to achieve the best surface roughness of die steel (HCHCr) and material removal rate the 

control factors have to be optimized. To achieve the best quality characteristics such as material 

removal rate and surface roughness, numbers of experiments have to be conducted. In the present 

paper, the Taguchi orthogonal array technique is used to formulate Design of experiment and 

results were analyzed. The effect of processing parameters examine for obtaining best surface 

roughness of die steel while machining with Copper (Cu) and Copper-Tungsten (CuW) electrodes. 

Process parameters selected are Servo Voltage, Gap Current, Pulse on time and Pulse off time. 

The results were analyzed for best minimum surface roughness. From the results it is concluded 
that the copper-tungsten electrode gives the minimum surface roughness as compare to copper 

electrode with same process parameters.  
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1. Introduction 

During EDM, the tool and the work piece are submerged in dielectric fluid and operated by a small gap. The Electro 

Discharge Machining (EDM) process is one of the most useful processes for the production of complicated shapes 

and tiny apertures of high quality with greater accuracy. The discharge energy produces very high temperature on 

the surface of the work piece on the point of spark. This causes local melting and vaporization of molten metal, 

which is washed away by circulating dielectric fluid. During EDM process the surface of the work piece gets 

affected heavily because of variation in processing variables which depend on material to material and because of 

this some adverse affects in terms of properties are observed. These properties can vary to different levels with the 

variation in the main processing parameters (i.e. Servo voltage, Gap current, Pulse on time and Pulse off time). If the 

process parameters for machining are optimized, the EDM can be easily used as routine valuable machine tool. In a 

EDM process, to achieve best quality characteristics the numbers of experiments increases to find the minimum 

variation and consequently increase in the cost of experiments. In order to solve this complexity, Taguchi Design of 

Experiment (DoE) approach is better to understand the effect of these processing variables by performing only few 

experiments [5-6].  This design has been implemented by various researchers to optimize the process parameters and 

the results are in expected lines [1-6]. Considering the above fact the Taguchi L9 Array is adopted to analyze the 

effect of each processing variable on the material removal rate (MRR), and surface roughness (SR). The MRR and 

SR are two main objective of the designer to achieve.  In this paper author is restricted to achieving best surface 

roughness by using copper and copper- tungsten electrodes.  

Experimental results of machining High carbon High Chromium Steel carried out as per Taguchi DoE technique. In 

order to proceed further to achieve above goals the dependant and independent variables are selected and 

accordingly the problem is formulated. A brief description of the formulation of the problem followed by 

experimental plan is presented. The analysis of the results followed by conformation test along with final conclusion 

of this study is described in this paper.  

1.1 Taguchi method  

Taguchi defines as the quality of a product, in term of the loss imparted by the product to the society from the time; 

the product is shipped to the customer. [11]. some of those losses are due to deviation of the product’s functional 

characteristic from its targets value, and these are called losses due to functional variation. The un-controllable 

factors, which cause the functional characteristic of a product to deviate from their target values, are called noise 

factors which can be classified as external factors ( e.g. temperature, human errors), manufacturing imperfections ( 

e.g. unit to unit variation in product parameters) and product deterioration. Over all aim of quality engineering is to 

make products that are robust with respect to all noise factors (errors). 

Taguchi Has empirically found that the two stage optimization procedure involving S/N ratios, indeed gives the 
parameter level combinations, where the standard deviation is low while keeping the mean on the target [9, 11].  

This implies that engineering system behaves in such a way that the manipulated production factors that can be 

divided into three categories. i) Control factors, which affect process variability as measured by the S/N ratio. ii) 

Signal factors, which do not influence the S/N ratio or process mean. iii) Factors, which do not affect the S/N ratio 

or process mean. 

The S/N ratio characteristics can be divided in to three categories of quality characteristics lower-the-better, larger-

the-better and the nominal is better. The each level of process parameter is computed based on larger-the-better 

corresponds to better quality characteristics for materials removal rate. A smaller-the-better response is required for 

surface roughness. Therefore the optimal level of process parameter is the level of highest delta value. To solve this, 

the Taguchi method uses a special design of orthogonal array to study the entire process parameter with a small 

number of experiments only. Furthermore impact of control factor on quality characteristic is performed to see 

which process parameter is statistically significant. 

1.2 Experimental Details  

The experiments were carried out with four factors at three levels each as shown in the Table 1. The fractional 

factorial design used is a standard L9 (34) orthogonal array. The machining trials were carried out on the EDM 
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machine (Electronica ePules-50). The HCHCr Die steel work material having chemical composition 1.72%C, 

0.8%Si, 0.36%Mn, 12.65%Cr. 

The workpiece hardened and annealed to remove any residual stresses prior to the machining.  Copper and 

Copper-Tungsten tool electrode are used. The sample machined for 30 minutes each. Commercial grade dielectric 

fluid with side flushing was used. The machining parameters were Voltage, Current, Pulse on time, and Pulse off 

time were selected. Details of machining parameters are shown in Table 1.  

Table 1. Factors and level used in experiment. 

Factors 
Levels 

1 2 3 

A-Voltage (Volts) 40 50 60 

B-Current (Ampere) 5 10 20 

C-Pulse on time (µs) 1.6 12.5 100 

D-Interval off time (µs) 3.2 100 500 

 

Each experimental trial was performed with 5 repetitions at each set of value. Material eroded weigh and 

elapsed time were recorded after each machining trial. The MRR was evaluated for each cutting condition by 

measuring the average amount of material removed and the required cutting time. MRR achieved in gm/min then 

converted into mm3/min by dividing by density of die steel.  The average surface roughness (Ra) was measured on 

Roughness Meter SJ901P which is a compact independent roughness measuring instrument. Optimization of the 

observed value was determined based on Taguchi method. Statistical software is used to determine the effect of 

process parameters.  

 

2. Result and Discussions 

The main objective of the experiment is to optimize the EDM process parameters (Voltage, Current, Pulse on time 

and pulse off time). Table 2 shows the actual data of surface roughness along with its computed S/N ratio values. 

Whereas S/N ratios at each level of the surface roughness are calculated signal-to-noise ratio using smaller the better 

characteristics [9]. 

 

𝑆/𝑁 − 10 log  
1

𝑛
  Σ 𝑦2                                 (1) 

 

In the standard L9 (34) orthogonal array factors A, B, C, D are arranged as shown in Table 3. The results reported in 
are mean values of five repetitions at each set of experimental condition for each process parameter variables.  

Table 2. Experiment results for surface roughness and its calculated S/N ratio. 

Exp. 

Parameters Ra (Cu) 

(µm) 

Ra 

(CuW) 

(µm) 

S/N ratio 

Cu (Ra) 

S/N ratio 

CuW 

(Ra) 
Voltage 

(V) 

Current 

(A) 

Pulse on 

Time (µs) 

Pulse 

off time 

(µs) 

1 40 5 1.6 3.2 4.61 3.2 -13.28 -10.10 

2 40 10 12.5 100 5.69 4.45 -15.11 -12.96 

3 40 20 100 500 9.36 5.67 -19.47 -15.07 

4 50 5 12.5 500 4.84 2.36 -13.73 -7.45 

5 50 10 100 3.2 6.71 3.89 -16.56 -11.79 

6 50 20 1.6 100 8.07 6.47 -18.15 -16.21 

7 60 5 100 100 4.99 2.65 -13.97 -8.46 

8 60 10 1.6 500 9.13 7.42 -19.55 -17.40 

9 60 20 100 3.2 10.75 7.80 -20.67 -17.84 
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Table 3. Average for S/N ratio and main effect of surface roughness Copper electrode 

Factors 
Levels Δ Rank 

1 2 3   

A-Voltage -15.95 -16.15 -18.06 2.11 2 

B-Current  -13.66 -17.07 -19.43 5.77 1 

C-Pulse on time (µs) -16.99 -16.50 -16.67 0.49 4 

D-Pulse off time (µs) -16.84 -15.74 -17.58 1.84 3 

Table 4. Average for S/N ratio and main effect of surface roughness Copper-Tungsten electrode 

Factors 
Levels Δ Rank 

1 2 3   

A-Voltage -12.71 -11.82 -14.57 2.75 3 

B-Current  -8.67 -14.06 -16.37 7.7 1 

C-Pulse on time (µs) -14.57 -12.75 -11.77 2.8 2 

D-Pulse off time (µs) -13.25 -12.55 -13.31 0.76 4 

Δ= Maximum- Minimum 

The significant factors, which affects the surface roughness of die steel is the current therefore the quality of surface 

roughness can be controlled by a suitable current value. Previous researchers suggest similar result. They claim that 

the surface roughness well strongly depends on the current followed by voltage and pulse off time. 

 

The optimum condition for EDMing Die steel material which produces low surface roughness for copper electrode 

is available setting of machine parameters at current level 1, Voltage level 1, pulse on time level 2 and pulse off time 

level 2. Similarly the optimum condition for copper-tungsten electrode which produces low surface roughness is at 
current level 1, Voltage level 2, Pulse on time level 3 and Pulse off time level 2. 

 

The main effects for each level of parameter on surface roughness are shown in figure 1 & 2. The best choice for 

machining die steel is based on S/N ratio is followed at current. It means that the current changes effected 

significantly on surface roughness, and the same trend can also be observed on the graph. 

 

 
 

Fig. 1. Main Effect plot for the factors machining 

Die steel Verse S/N ratio of surface roughness for 

Copper electrode. 
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Fig. 2. Main Effect plot for the factors machining 

Die steel Verse S/N ratio of surface roughness for 

Copper-Tungsten electrode. 
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Conclusion: 

1. The dominating factor for the surface roughness in machining Die steel is the current, in both the cases of 

electrodes.  Factors Voltage and Pulse off time in case of copper electrode are significant while voltage and 

pulse on time in case of Copper tungsten electrode respectively. 

2. Optimum condition for the surface with copper-tungsten and Copper electrode were resulted at current 5A, 

Voltage at 40V, pulse off time  at 100 µsec and Pulse on time at 12.5 µsec respectively in case of copper-

tungsten electrode resulted at current 5A, Voltage at 50V, pulse off time at 100 µsec and Pulse on time at 12.5 

µsec respectively.  

3. Optimizing of surface roughness with these two electrodes, copper-tungsten electrode gives the minimum 

surface roughness (Ra) value as compared to copper electrode. 

4. From the findings a designer having requirements of minimum surface rough, it is suggested that designer may 

select Copper-tungsten electrode. 
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