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ABSTRACT 
Over past few decades many research works has been carried out on high carbon high Chromium die steel in the areas such as 

Aerospace, Mechanical, and Automotive industry. In this experimental work had studied about the MRR (Metal Removal Rate) of 

HCHCr die steel using Electrical Discharge Machine (EDM). EDM proved for the machining of super-tough, electrically conductive 

materials such as the aerospace materials that are difficult to machine by conventional methods. The investigation of machining 

parameters is determined using Metal Removal Rate (MRR) and mathematical model is built by using regression analysis. Finally 

the developed mathematical models are validated with experimental values and the results show that the mathematical model has 

best agreement with experimental values. 

 

KEYWORDS:  Material Removal Rate, High Carbon High chromium die steel, Pulse time. 
 

INTRODUCTION 
 

EDM is a thermo-electric nontraditional machining process. In this process the work piece material is 
localized zone melts and vaporizes. Most of the molten and removed material from the work piece through 
localized melting and vaporization of material. Electric sparks are generated between electrode and work piece. 
When the electrode is held at a small distance from each other in a dielectric medium and a high potential 
difference is applied across them. Localized regions of high temperatures are formed due to the sparks occurring 
between the two vaporized materials are carried away from the inter-electrode gap with the help of dielectric 
flow in the form of  debris. To prevent excessive heating, electric power is supplied in the form of short pulses. 
Spark occurs wherever the gap between the tool and the work piece surface is smallest. After material is 
removed due to a spark, this gap increases and the location of the next spark shifts to a different point on the 
work piece surface. In this way several sparks occur at various locations over the entire surface of the work 
piece corresponding to the work piece-tool gap.  Because of the material removal due to sparks, after some time 
a uniform gap distance is formed throughout the gap between the tool and the work piece.  Thus, a replica of the 
tool surface shape is formed on the work piece. If the tool is held stationary, machining would stop at this stage.  

 
1.1 Experimental setup: 

The whole experiment was conducted on Electrical Discharge Machine Which is a die sinking type EDM 
machine of model ELECTRONICA – 5030. The polarity of work piece set as negative (cathode) and tool as 
positive (anode).  EDM oil is taken as dielectric fluid. 
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Fig. 1: ELECTRONICA – 5030 
 
The work material chosen for this experimental work is HCHCr die Steel which is one of the most widely 

used die steel material for the manufacture of press tools, cutting dies and punches for blanking, trimming, 
flanging and forming operations. The important characteristics responsible for the commercial popularity of this 
material are its ability to retain accurate dimensions at elevated temperatures, abrasion resistance, toughness and 
negligible deformation during the hardening process. It is commercially machined in the hardened state with 
EDM process using copper as the electrode material and EDM oil as the dielectric medium. The chemical 
composition of this work material is given in Table 1                                                                                                                              

 
Table 1: Chemical composition of HCHCR steel 

Element Composition wt % 

Carbon  2 

Silicon  0.3 

Manganese  0.2 to 0.35 

Chromium  12 

 
1.2 Experimental procedure: 

Commercial grade EDM oil used as dielectrics was maintained for the whole experiment. Discharge current 
was varied from 5A to 20 A. After mounting the work piece on the magnetic work table and copper electrode on 
the tool holder, the depth of machining was set at 5mm. The work piece was machined with 5A, 10A, 20A 
discharges current and other standard machine settings. Besides discharge current, two other variables related to 
the spark pulse wave are on time and off- time which can be set using Taguchi method. The time of machining 
was recorded in minutes and initial and final weights of the work piece were taken. For copper electrode 
material, the effect of variation in discharge current was studied on output parameters namely material removal 
rate (MRR), machined surface roughness. Surface roughness (Ra) readings were taken on the bottom and side 
wall surface of the machined cavity and Ra was measured on Surfcorder equipment in terms of μm.  

 
1.3 Evaluation of MRR: 

MRR= (Wi – Wf) / t gm/min 
Where, 
Wi = Weight of work piece before trial in grams 
Wf = Weight of work piece after trial in grams 
t = Period of trial in minutes 
 

1.4 Evaluation of surface roughness: 
Surface Roughness is being measured by the Surfcorder and the measured values are shown in Table 6.4 

Experiment Table. The Surfcorder is show in Figure 2:  
 



130  M. Pannerselvam and R. RaviKumar., 2016/ Advances in Natural and Applied Sciences. 10(10) Special 2016, Pages: 

           128-134 

 

 
Fig. 2: Surfcorder 

 
2.Design Of Experiments Analysis: 

Dr. Genichi Taguchi developed some statistical methods to improve the quality of manufactured products. 
Taguchi method can be defined as the quality control methodology that combine Control charts and process 
control with product and process design to achieve a good design. The design of experiments is used to find the 
best combination of input variables in an orthogonal array. In this experiment the three input parameters are: 

1. Current (A) 
2. Pulse on time (Ton) 
3. Pulse off time (Toff) 
Since there are 3 variables so the design becomes a 3 level 3 factorial Taguchi design. L9 orthogonal array 

was chosen for the experiment to be conducted. 
 

Table 2: Machining parameters and their levels 
Machining parameters symbol Level -1 Level-2 Level-2 
Current A 20 10 5 
Pulse on time Ton 10 16 18 
Pulse off time Toff 9 7 5 

 
RESULT AND DISCUSSION 

 
The experimental results obtained from the Electric Discharge machine runs during the machining 

operations are shown in Table 3. 
 

Table 3: Experimental results from EDM 

Sl 
No. 
 

Current 
 

Pulse 
On 
time 
 

Pulse 
Off 
time 
 

Time 
Taken 
 

Weight 
before 
Machining 
 

Weight 
before 
machining 
 

MRR 
Surface 
Roughness 

Unit A μs μs min Kg Kg gm/min μm 
1 20 10 9 18.57 0.178 0.174 0.2154 4.796 
2 20 16 7 10.47 0.178 0.174 0.3820 6.444 
3 20 18 5 11.35 0.170 0.166 0.3524 9.547 
4 10 10 7 21.15 0.170 0.166 0.1853 4.003 
5 10 16 5 26.55 0.170 0.166 0.1506 2.600 
6 10 18 9 37.26 0.170 0.166 0.1073 2.749 
7 5 10 5 197.8 0.170 0.167 0.0151 1.636 
8 5 16 9 175.5 0.126 0.123 0.0170 2.923 
9 5 18 7 154.5 0.126 0.123 0.0194 2.529 

 
4 Analysis And Discussion Of Surface Roughness: 

 
Fig. 3: Main effects plot for SR 
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Surface Roughness increases with the increase in the value of current. From 5A to 10A SR increases but 
from 10A to 20 A it increases rapidly. Surface Roughness increases with increasing in values of pulse on time 
from 10 μs to 16 μs after that SR increases as Pulse on time increases from 16 μs to 18 μs. Surface Roughness 
decreases as the pulse off time increases from 5 μs to 7 μs after that SR decreases as the pulse off time increases 
from 7 μs  

 
Table 4:                                              

TERM Coef SE Coef T-Value P-Value 
VIF 
 

CONSTANT CURRENT 
 

4.136 0.687 6.06 0.026  

5 -1.774 0.966 -1.84 0.208 1.33 
10 -1.019 0.966 -1.06 0.402 1.33 
        PULSE ON TIME 
 

     

10 -0.658 0.966 -0.68 0.566 1.33 
16 -0.147 0.966 -0.15 0.893 1.33 
      PULSE OFF TIME 
 

     

5 0.458 0.966 0.47 0.682 1.33 
7 0.189 0.966 0.20 0.863 1.33 

 
Table 5: 

SOURCE DF Adj ss Adj MS F-Value 
 
P-value 
 

CURRENT 2 35.950 17.9749 4.28 0.189 
PULSE ON TIME 
 

2 3.310 1.6548 0.39 0.717 

PULSE OFF TIME 
 

2 1.992 0.9961 0.24 0.808 

ERROR 2 8.394 4.1971   
TOTAL 2 49.646    

 
Table 6: 

TERM Coef SE Coef T-Value P-Value 
VIF 
 

CONSTANT CURRENT 
 

0.1605 0.0167 9.59 0.011  

5 -0.1433 0.0237 -6.06 0.026 1.33 
10 -0.0128 0.0237 -0.54 0.644 1.33 
PULSE ON TIME 
 

     

10 -0.0219 0.0237 -0.93 0.452 1.33 
16 0.0227 0.0237 0.96 0.439 1.33 
PULSE OFF TIME 
 

     

5 0.0122 0.0237 0.52 0.657 1.33 
7 0.0351 0.0237 1.48 0.277 1.33 

SOURCE DF Adj ss Adj MS F-Value 
 
P-value 
 

CURRENT 2 0.135224 0.067612 26.38 0.036 
PULSE ON TIME 
 

2 0.002987 0.001493 0.59 0.628 

PULSE 
OFF TIME 
 

2 0.010838 0.005419 2.15 0.317 

ERROR 2 0.005039 0.002520   
TOTAL 2 0.154088    

 
 From the ANOVA table it is found that the three parameters are greater  than 0.05. So Pulse off time is the 

least insignificant factor, Pulse on time is the second least significant factor and the current is the most 
insignificant factor. The standard deviation of error, S = 2.04869  R2 = 83.09%. 

 
4.1 Analysis and discussion of MRR: 
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Fig. 4:  Main Effects Plot for MRR 

 
MRR increases rapidly as the current increases from 5A to 10A, after that MRR again increases rapidly as 

the current increases from 10A to 20A. MRR increases with increasing in values of pulse on time from 10 μs to 
16 μs after that MRR decreases as Pulse on time increases from 16 μs to 18 μs. MRR increases slightly as the 
pulse off time increases from 5 μs to 7 μs after that MRR decreases rapidly as the pulse off time increases from 
7 μs to 9 μs. From the ANOVA table as P value of current is less than 0.05, Current is the most significant factor 
and it give more contribution to the MRR. Since Pulse on time and Pulse off time is greater than 0.05, therefore 
the two parameters are not significant. The standard deviation of error, S = 0.0501960 and R2 = 97% 

 
4.2  Effect of discharge current on sr and pulse on time: 

From the figure -5 it is concluded that when the current increases, Surface Roughness increases. Then as 
pulse on time increases Surface Roughness also increases. 

 

 
 
Fig. 5: Effect of discharge current on SR and pulse on time 

 
4.3 Effect of discharge current on sr and pulse off time: 
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Fig. 6: Effect of discharge current on SR and pulse off time 

 
From figure-6, it is concluded that when the current increases, Surface Roughness increases. then as pulse 

off time increases Surface Roughness decreases. 
 

4.4 Effect of discharge current on mrr and pulse on time: 
 

 
Fig. 7: effect of discharge current on MRR and pulse on Time 

 
From Figure-7 it is concluded that when the current increases, MRR increases upto a point and then remains 

constant. Then as pulse on time increases MRR also increases 
 

4.5 Effect of discharge current on MRR and pulse off time: 
 

 
 

Fig. 8: Effect of discharge current on MRR and pulse off time 
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From Figure -8 it is concluded that when the current increases, MRR also increases. Then as pulse off time 
increases MRR increases upto a point and then decreases. 

 
Conclusion: 

This experiment was conducted by considering three variable parameters namely current, pulse on time and 
pulse off time. The objective was to find the Material Removal Rate, Surface Roughness and to study the effects 
of the variable parameters on these characteristics. The tool material was taken as copper and the workpiece 
wash chosen as High Chromium High Carbon steel.Using the Taguchi method an orthogonal array was created 
and the experiments were performed accordingly. From this experiment the following conclusions were drawn : 

1. For MRR, Current is the most significant factor. Pulse on time and Pulse off time is greater than 0.05, 
therefore the two parameters are not significant. MRR increases when the current and pulse on time increases. 
MRR increases slightly as the pulse off time increases from 5 μs to 7 μs after that the MRR decreases rapidly as 
the pulse off time increases from 7 μs to 9 μs. 

2. For SR when the current increases Surface Roughness increases from 5A to 10A and from 10A to 20A 
SR increases rapidly. Surface Roughness increases with increasing in values of pulse on time from 10 μs to 16 
μs after that SR increases as Pulse on time increases from 16 μs to 18 μs. Surface Roughness decreases as the 
pulse off time increases from 5 μs to 7 μs also for 7 μs to 9 μs SR decreases as the pulse off time increases 
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