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ABSTRACT 

An electrical discharge machining (EDM) is used for several applications. In this study H12 Steel is used as 

work material and two types of electrode such as copper electrode and powder metallurgy made copper tungsten 

electrode are chosen for machining. Machining is carried out for analyzing the metal removal rate (MRR) with peak 

current, gap voltage, and duty cycle as input control factors. The statistical analysis is done by using Taguchi method. 

The L9 orthogonal array of Taguchi experiment is selected for three control parameters with three levels. The signal-

to-noise (S/N) ratio and analysis of variance (ANOVA) have been performed to find the most influencing parameter 

on MRR. From the experimental results, it is found that peak current is the most influencing parameter for material 

removal rate. Copper tungsten electrode gives better MRR than copper electrode.  
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1. INTRODUCTION 

In EDM the electrical spark developed between electrode and work piece produces heat which erodes the 

work. Therefore, the electrode plays an important role. Hence more research is needed for analyzing the effect of 

tool material in EDM. Dinesh Kumar (2010), investigated the effect sintered copper chromium electrode on hastalloy 

steel and found that MRR increases with increase in current and voltage and surface roughness decreases with 

increase in current at low value of voltage. Gautam Kouher (2012), the microstructure of D3 tool steel is observed 

before and after heat treatment and surface roughness in D3 is investigated after EDM. For this set of experiments 

three different tool electrodes are taken and the result shows the variation of Ra value with respect to discharge 

current. Mohd Amri Lajis (2009), investigated the cutting of Tungsten Carbide ceramic with a graphite electrode and 

reported that the peak current is the most significant parameter on surface roughness and the pulse duration on MRR. 

Naveen Beri (2008), carried out EDM for machining AISI D2 steel with copper tungsten electrode and manufactured 

using powder metallurgy and found that surface finish is higher when machining with copper tungsten electrode and 

MMR is more for copper electrode. Takayuki Nakagawa (2017), investigated with working gap control in EDM 

milling and confirmed that rotation of the electrode improves the removal rate. Torres Luis and Puertas (2017), 

analyzed the influence of EDM parameters on MRR and surface roughness and found that the most influential factor 

is the current intensity. Syed Asghar Hussian Rizvi (2016), an investigation on surface integrity in EDM process 

with a copper tungsten electrode and revealed that MRR and Surface roughness increases with higher values of pulse 

current and pulse duration.  

2. EXPERIMENTAL WORK 

In the present study H12 hot work tool steel is selected as work piece material. H12 is basically 5% chromium 

hot work steel. The 1.5% molybdenum imparts very high hardenability to this grade and makes difficult to machine 

by traditional machining methods. Hence EDM is considered. Hot tool steels are having high wear resistance and 

high strength at elevated temperatures, high toughness. They are finding more applications in extrusion, forging and 

die casting industries. The H12 steel work piece is shown in figure.1.  

 
Figure.1. H12 Steel specimens before machining 

The chemical composition of H12 Steel of size is presented in table.1. The physical and mechanical 

properties of H12 Steel material is presented in table.2. 

 

 

 

 

 

http://www.jchps.com/
http://www.sciencedirect.com/science/article/pii/S0141635916301416


Journal of Chemical and Pharmaceutical Sciences   Print ISSN: 0974-2115 

JCHPS Special Issue 12: August 2017 www.jchps.com   Page 51 

Table.1. Chemical composition of H12 Steel 

Element Name Composition (Weight %) 

Maximum stress 576 (N/mm2) 

Yield stress 825 (N/mm2) 

Elongation 24 % 

S 0.030 max 

P 0.030 max 

cr 4.75-5.50 

mo 1.25-1.75 

v 0.2-0.5 

w 1.00-1.75 

Table.2. Physical and Mechanical properties of H12 steel 

Physical Properties Values  Mechanical Properties Values 

Maximum stress 576 (N/mm2) Density (×1000 kg/m3) 7.7-8.03 (at 25°C ) 

Yield stress 825 (N/mm2) Poisson's Ratio 0.27-0.30 (at 25°C ) 

Elongation 24 % Elastic Modulus (GPa) 190-210 (at 25°C ) 

Hardness 242 Brinell Tensile Strength (MPa) 640 -2000 (at 25°C ) 

Fabrication of tool electrode: The electrode material selected for the present investigation is conventional copper 

(Cu) and copper tungsten (75% Cu and 25% W) electrodes. CuW electrodes are made through powder metallurgy 

technique by mixing weight of copper and tungsten in blenders. The mixture is then compacted in a die to form green 

compact.  

Machining process in EDM milling machine: EDM milling machine used for machining of H12 steel is shown in 

figure.2. The EDM machine during machining of H12 steel using copper and copper tungsten electrode are shown 

in figure.3(a) and figure.3(b). H12 steel specimens after machining using by copper electrode and tungsten copper 

electrode are shown in figure.4(a) and figure.4(b). 

 
Figure.2. EDM milling machine during machining of H12 steel 

 
Figure.3 (a) Copper electrode (b) copper tungsten electrode during machining of H12 steel 

 
Figure.4. H12 Steel after machining using (a) copper (b) tungsten copper electrode 

Method of Analysis: 

Taguchi design of experiments: In this study Taguchi design of experiments approach is used. Peak current, gap 

voltage and duty cycle are taken as control parameters and MRR is the output response. Three levels of each factor 

are selected for conducting the experiments. The control factors and their selected levels are tabulated in table.3. L9 

orthogonal array is most appropriate for a 3 factors 3 levels experiment. Typical L9 orthogonal array with control factors 

are presented in table.4. As the MRR has to be maximized and hence larger the better is considered. 
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Table.3. Control factors and their levels 

Factors Process Parameters Unit Level 1 Level 2 Level 3 

A Peak current amps 8 10 12 

B Gap voltage volt 40 50 60 

C Duty cycle -- 0.6 0.7 0.8 

Table.4. Typical orthogonal array with control factors 

Ex. No. L9 Array Array with control factors 

A B C Peak current (amps) (A) Gap voltage (volt) (B) Duty cycle (C) 

1 1 1 1 8 40 0.6 

2 1 2 2 8 50 0.7 

3 1 3 3 8 60 0.8 

4 2 1 2 10 40 0.7 

5 2 2 3 10 50 0.8 

6 2 3 1 10 60 0.6 

7 3 1 3 12 40 0.8 

8 3 2 1 12 50 0.6 

9 3 3 2 12 60 0.7 

Analysis of variance (ANOVA): Analysis of variance (ANOVA) is a computational technique that quantitatively 

estimates the relative contribution of each parameter variation makes to the overall response variation. ANOVA uses 

a mathematical technique known as the sum of squares to quantitatively examine the deviation of the parameter 

effect values from the overall experimental mean response. The magnitude of the significance of the individual 

parameters is quantified by comparing the variation between the parameter effects against the variation in the 

experimental data, and the effects of unrepresentative interactions. The variation of the data due to interactions is 

referred to as the variation within the control factors that make up the experiment. The ANOVA process uses the F 

test to gain which parameters are the most and least important. 

Measurement of MRR: The MRR can be defined as the volume of material removed divided by the machining 

time. The material removal rate is calculated by measuring the initial weight of the work piece before machining, 

and the final weight of the work piece after machining. The machining time is measured using a stop watch. 

MRR = Electrode area in mm2 x depth of cut (mm) / Time of cut (min) x 60 

3. RESULTS AND DISCUSSION 

In this study EDM has been carried out H12 steel with two different electrodes by varying the input control 

parameters to optimize the MRR and compare the effectiveness of the tool materials. Experimental results obtained 

in machining of H12 steel using copper and copper tungsten electrodes are presented in table.5. 

Table.5. Experimental results 

Expt. 

Runs 

Control Factors MRR (mm3/hr) 

Peak current Gap voltage Duty cycle Copper electrode Copper tungsten electrode 

1 8 40 0.6 1673.12 2336.79 

2 8 50 0.7 1501.05 1959.89 

3 8 60 0.8 1389.62 1696.06 

4 10 40 0.7 2694.03 2713.69 

5 10 50 0.8 2916.89 2672.73 

6 10 60 0.6 2715.34 2777.60 

7 12 40 0.8 2205.69 2916.89 

8 12 50 0.6 647.28 2305.66 

9 12 50 0.7 629.26 2241.75 

Analysis of MRR: 

MRR for copper electrode: As the MRR has to be maximized the larger is better option selected under S/N ratios. 

The average effect response table for S/N ratio for MRR in machining using copper electrode is shown in table.6. 

The results of ANOVA are presented in table.7.  

Table.6. Response table for S/N ratio for MRR for copper electrode 

Level Peak current Gap voltage Duty cycle 

1 63.62 66.65 63.12 

2 68.86 63.02 62.70 

3 59.69 62.50 66.34 

Delta 9.17 4.15 3.64 

Rank 1 2 3 
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Table.7. Results of ANOVA for MRR for copper 

Source DOF Sum of square Mean square F-value p-value Contribution (%) 

Peak current 2 127.03 63.51 5.17 0.162 61.66 

Gap voltage 2 30.66 15.33 1.25 0.445 14.88 

Duty cycle 2 23.78 11.89 0.97 0.508 11.54 

Error 2 24.55 12.28   11.92 

Total 8 206.01    100.00 

From the tables it is identified that the peak current is the most influencing parameter followed by gap voltage 

and duty cycle. The figure.5, shows the response graph for the control factors. The graph represents the A2, B1 and 

C3 combination gives the optimum value. 

 
Figure.5. Main effects plot for means for MRR with copper electrode 

MRR for tungsten copper electrode: The average effect response table for S/N ratio for MRR in machining using 

copper electrode is shown in table.8. The results of ANOVA are presented in table.9.  

Table.8. Response table for S/N ratio for MRR for copper tungsten electrode 

Level Peak current Gap voltage Duty cycle 

1 65.94 68.45 67.83 

2 68.69 67.21 67.18 

3 67.86 66.82 67.48 

Delta 2.76 1.62 0.66 

Rank 1 2 3 

Table.9. Results of ANOVA for MRR for copper tungsten electrode 

Source DOF Sum of square Mean square F-value p-value Contribution (%) 

Peak current 2 12.0046 6.0023 5.61 0.151 62.85 

Gap voltage 2 4.3071 2.1536 2.01 0.332 22.55 

Duty cycle 2 0.6513 0.3256 0.30 0.767 3.40 

Error 2 2.1382 1.0691   11.20 

Total 8 19.1011    100.00 

From the tables it is identified that the peak current is the most influencing parameter followed by gap voltage 

and duty cycle. The following figure.6, shows the response graph for the control factors. The graph represents the 

A2, B1 and C1 combination gives the optimum value.  

 
Figure.6. Main effects plot for means for MRR with copper tungsten electrode 

Comparison of MRR: Comparison of MRR is shown in figure.7. From the comparison graph it is observed that the 

tungsten copper electrode is giving better MRR as compared to copper electrode in machining of H12 steel. 

http://www.jchps.com/
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Figure.7. Comparison of MRR in copper electrode and tungsten electrode 

 

4. CONCLUSIONS 

EDM machining using two different electrodes on H12 steel is carried out to optimize the machining 

conditions for increasing the MRR. The final conclusions arrived, at the end of this work are as follows: 

 From the experimental results it is observed that the MRR is high in machining with tungsten copper 

electrode as compared to copper electrode. 

 From response tables for S/N ratio and ANOVA results it is noted that the peak current has more influence 

on MRR followed by gap voltage and duty cycle. 
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