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Abstract 

 

Now days, the demands for alloy materials having high hardness, toughness and impact resistance are increasing in mechanical 

industry. Therefore, it has become essential to develop cutting tool materials and processes which can safely and conveniently 

machine such new materials for sustained productivity, high accuracy and versatility at automation. As a result, non-traditional 

machining such as electric discharge machining (EDM), provides effective solutions to the problem imposed by the increasing 

demand for high strength alloys, the requirement of parts with intricate and compacted shapes and materials as hard as to 

difficult machining by conventional methods. During non-conventional machining, it has long been recognized that the 

machining conditions affect the performance of the operation to a greater extent. These machining conditions should be selected 

to optimize the economics of machining operations. So it can be achieved by empirical modeling of performance as a function of 

machining conditions using design of experiments (DOE). The proposed work will be employed for effect of silicon carbide 

powder on surface roughness and MRR during the electric discharge machining using two level full factorial design.  

Keywords: two level factorial design, Average Surface Roughness (Ra) , DOE ,fuzzy 

_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Electrical discharge machining (EDM) is one of the most extensively used nonconventional material removal processes. In this 

process the material is removed by a succession of electrical discharges, which occur between the electrode and the workpiece. 

There is no direct contact between the electrode tool and the workpiece. The basic principle in EDM is the conversion of 

electrical energy into thermal energy through a series of discrete electrical discharges occurring between the electrode and work 

piece immersed in the dielectric fluid  

 Mechanism of Material Removal: A.

The electro sparking method of metal working involves an electric erosion effect in which the breakdown of electrode material is 

done by electric discharge. The discharge is created by the ionization of dielectric which is spilled up of its molecules into ions 

and electrons. This discharge is created between two electrodes through liquid medium with the application of suitable voltage 

across the electrodes. The liberation of energy accompanying the discharge leads to generation of high temperature. This high 

temperature plasma causes fusion or particle vaporization of metal and the dielectric fluid at the point of discharge. This leads to 

the formation of tiny crater at the point of discharge in the work piece 

 EDM Process Parameters: B.

 Polarity: 1)

The Polarity normally used is normal polarity in which the tool is negative and workpiece is positive. Sometimes positive 

polarity can be used depending upon the requirement, where tool is positive and work piece is negative. The negative polarity of 

the workpiece has an inferior surface roughness than that under positive polarity in EDM. 

 Pulse on Time: 2)

Pulse on-time is the time period during which machining takes place. MRR is directly proportional to amount of energy applied 

during pulse on-time. The energy of spark is controlled by the peak amperage and the length of the on-time. The longer the on-

time pulse is sustained, the more work piece material will be eroded. The resulting crater will be broader and deeper than a crater 

produced by a shorter on-time. These large craters will create a rougher surface finish. 



Study of MRR on AISI D3 Die Steel with Different EDM Parameters using Two Level Full Factorial Design  
(IJIRST/ Volume 1 / Issue 12 / 066) 

 

 
All rights reserved by www.ijirst.org 381 

 Pulse off Time: 3)

Pulse off-time is the time during which re-ionization of dielectric takes place. The discharge between the electrodes leads to 

ionization of the spark gap. Before another spark can take place, the medium must de-ionize and regain its dielectric strength. 

This takes some finite time and power must be switched off during this time. Too low values of pulse off time may lead to short-

circuits and arcing.  

 Peak Current: 4)

This is the amount of power used in discharge machining, measured in units of amperage, and is the most important machining 

parameter in EDM. In each on-time pulse, the current increases until it reaches a preset level, which is expressed as the peak 

current 

 Discharge Current: 5)

The discharge current is a measure of the power supplied to the discharge gap. A higher current leads to a higher pulse energy 

and formation of deeper discharge craters. This increases the material removal rate (MRR) and the surface roughness value. 

Similar effect on MRR and Ra is produced when the gap voltage is increased. 

 Electrode Material: 6)

The shape of electrode will be basically same as that of the product is desired. The electrode materials are classified as metallic 

material (copper, brass, tungsten, aluminium), non-metallic material (graphite), combined metallic and non-metallic (copper-

graphite), and metallic coating as insulators (copper on moulded plastic, copper on ceramic) etc 

 Electrode Gap: 7)

The servo feed system is used to control the working gap at a proper width. Mostly electro-mechanical (DC or stepper motors) 

and electro-hydraulic systems are used, and are normally designed to respond to average gap voltage. Larger gap widths cause 

longer ignition delays, resulting in a higher average gap voltage.  

II. LITERATURE REVIEW 

Electrical discharge machining (EDM) is one of the most successful and widely accepted processes for production of 

complicated shapes with high accuracy. This technology is widely used in tool, die and mould making industries, for machining 

of heat treated tool steels and advanced materials (super alloys, ceramics and metal matrix composites) requiring high precision, 

complex shapes and high surface finish To increase the productivity, it is desirable to obtain the maximum MRR with minimum 

tool wear. The metal removal rate and tool wear greatly influenced by the cutting conditions such as pulse on time, pulse off 

time, servo voltage, peak current etc. Lin and Lin (2002) conducted an experimental study to compare the utility of grey 

relational analysis and fuzzy based Taguchi method to optimize the multiple response parameters (electrode wear ratio, material 

removal rate, and surface roughness) in electrical discharge machining. Pecas and Henriques, (2003) investigated the effect of 

addition of powder particles in the dielectric fluid on the surface roughness of machined parts during the electrical discharge 

machining (EDM). The analysis is carried out varying the silicon powder concentration and the flushing flow rate over a set of 

different processing areas. Liao et. al. (2003) used the modified traditional circuit using low power for ignition for WEDM. With 

the assistance of Taguchi quality design, ANOVA and F-test, machining voltage, current-limiting resistance, type of pulse-

generating circuit and capacitance have been identified as the significant parameters affecting the surface roughness in finishing 

process. Yan et al., (2005) investigated the influence of the machining parameters on pure titanium metals using an electrical 

discharge machining (EDM) with the addition of urea into distilled water. Kanlayasiri and Boonmung (2007) investigated the 

effects of machining variables on the surface roughness during wire cut electric discharge machining of SKD11cold die steel. 

The pulse-peak current, pulse-on time, pulse-off time, and wire tension have been considered as machining parameters. Analysis 

of variance (ANOVA) has been used to identify the most significant variables affecting the surface roughness. 

III. EXPERIMENTAL WORK 

 Selection of EDM Parameters and the Range Of EDM Parameters: A.

The process parameters that were chosen for experimentation are given as under:  

1) Peak current  

2) Pulse on time (μs)  

3) Pulse off time (μs)  

4) Voltage  

5) Kerosene 

Table 3.1 shows the levels of EDM parameters according to two level full factorial design. 
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Table -3.1  

EDM parameters and their levels 

Factor Name Units Type Subtype Minimum (+1) Maximum   (-1) 

A Voltage Volts Numeric Continuous 30 45 

B Current Ampere Numeric Continuous 6 25 

C Pulse on Microsecond Numeric Continuous 6 200 

D Pulse off Microsecond Numeric Continuous 12 100 

E Dielectric medium 
 

Categoric 
 

Y No 

 Formation of Design Matrix: B.

In the present work two level full factorial design has been used to plan the experiments. Total 40 numbers (20 with kerosene 

and 20 with kerosene+Si-C powdwr) of experiments has been finalized according to two level full factorial design. Out of each 

20 experiments, 16 are the factorial points and 4 are the centre points. The evaluation of MRR can be done as: 

 MRR = (volume of the material removed / time taken in minute) mm
3
/min 

 MRR    = (Area of hole * depth of hole) / time taken 

In our case  

Hole diameter =12mm, depth = 8mm 

So, volume = (π/4) * d
2 

* l = (π/4) * 12
2
 *8 mm

3 

The table
 
3.2 shows the final value of MRR along with run number.The Measurement results are: 

S.No. 
A:Voltage 

(volts) 

B:Current 

(Ampere) 

C:Pulse on 

(Microsecond) 

D:Pulse off 

(Microsecond) 

E:type of 

dielectric 

MRR 

(mm3/min.) 

1 30 6 6 12 kero 47.95 

2 45 6 6 12 kero 45.16 

3 30 25 6 12 kero 55.39 

4 45 25 6 12 kero 51.62 

5 30 6 200 12 kero 68.27 

6 45 6 200 12 kero 63.72 

7 30 25 200 12 kero 72.24 

8 45 25 200 12 kero 67.83 

9 30 6 6 100 kero 37.51 

10 45 6 6 100 kero 33.36 

11 30 25 6 100 kero 43.96 

12 45 25 6 100 kero 39.98 

13 30 6 200 100 kero 53.45 

14 45 6 200 100 kero 49.12 

15 30 25 200 100 kero 57.22 

16 45 25 200 100 kero 52.87 

17 30 6 6 12 kero+ SiC 51.38 

18 45 6 6 12 kero+ SiC 45.23 

19 30 25 6 12 kero+ SiC 57.21 

20 45 25 6 12 kero+ SiC 52.12 

21 30 6 200 12 kero+ SiC 78.11 

22 45 6 200 12 kero+ SiC 68.87 

23 30 25 200 12 kero+ SiC 81.21 

24 45 25 200 12 kero+ SiC 72.24 

25 30 6 6 100 kero+ SiC 38.32 

26 45 6 6 100 kero+ SiC 35.85 

27 30 25 6 100 kero+ SiC 45.36 

28 45 25 6 100 kero+ SiC 42.02 

29 30 6 200 100 kero+ SiC 54.21 



Study of MRR on AISI D3 Die Steel with Different EDM Parameters using Two Level Full Factorial Design  
(IJIRST/ Volume 1 / Issue 12 / 066) 

 

 
All rights reserved by www.ijirst.org 383 

30 45 6 200 100 kero+ SiC 52.65 

31 30 25 200 100 kero+ SiC 59.29 

32 45 25 200 100 kero+ SiC 55.31 

33 37.5 15.5 103 56 kero 50.23 

34 37.5 15.5 103 56 kero+ SiC 54.68 

35 37.5 15.5 103 56 kero 50.67 

36 37.5 15.5 103 56 kero+ SiC 57.96 

37 37.5 15.5 103 56 kero 49.32 

38 37.5 15.5 103 56 kero+ SiC 58.98 

39 37.5 15.5 103 56 kero 50.87 

40 37.5 15.5 103 56 kero+ SiC 57.38 

IV. DEVELOPMENT OF METAL REMOVAL RATE (MRR) PREDICTION MODEL 

 ANOVA for MRR Prediction Model: A.

To check the assumption of normal distribution, the normal probability plot of the residuals is shown in figure.4.1. The figure 

displays that the residuals generally fall on a straight line implying that the errors are distributed normally. The figure.4.2 

represents residuals versus the predicted response plot for surface roughness. The figure shows that there is no obvious pattern 

and it shows unusual structure. This implies that there is no reason to suspect any violation of the independence or constant 

variance assumption. 

    
    Fig. 4.1:                                                                                            Fig. 4.2: 

 ANOVA Analysis for MRR: B.

The ANOVA was carried out for a significance level of α = 0.05, i.e. for a confidence level of 95%.  The table 4.1, shows tha t 

the value of “Prob. > F” for model is less than 0.0001 which is less than 0.05, that indicates the model is significant, which is 

desirable as it indicates that the terms in the model have a significant effect on the response. In the same manner, the value of 

“Prob. > F” for main effect of voltage, current, pulse on, pulse off and two-level interaction of type of dielectric and pulse on; 

current and pulse on; pulse off and pulse on are less than 0.05 so these terms are significant model terms. The value of “Prob. > 

F” for lack-of-fit is 0.2687 which is greater than 0.05 and it indicates the insignificant lack of fit. If the model does not fit the 

data well, this will be significant. The insignificant lack of fit is desirable. 
Table -4.1: 

 Resulting ANOVA table for MRR 

Source Sum of squares Degree of freedom Mean            square F-Value p-value                Prob > F 

Model 4790.586 8 598.8233 200.9723 < 0.0001 

A-Voltage 167.1249 1 167.1249 56.08912 < 0.0001 

B-Current 213.7795 1 213.7795 71.74696 < 0.0001 

C-Pulse on 2523.874 1 2523.874 847.0422 < 0.0001 

D-Pulse off 1625.498 1 1625.498 545.5365 < 0.0001 
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E-type of dielectric 150.6992 1 150.6992 50.57647 < 0.0001 

BC 16.66088 1 16.66088 5.59159 0.0245 

CD 74.02403 1 74.02403 24.84335 < 0.0001 

CE 18.92663 1 18.92663 6.352003 0.0171 

Residual 92.36858 31 2.979632 
  

Lack of Fit 80.8257 25 3.233028 1.680532 0.2687 

Pure Error 11.54288 6 1.923813 
  

Cor Total 4882.955 39 
   

Std. Dev. 1.726161 
 

R-Squared 0.981083 

Mean 53.978 
 

Adj R-Squared 0.976202 

C.V. % 3.197897 
 

Pred R-Squared 0.969475 

PRESS 149.0521 
 

Adeq Precision 55.73865 

The R
2
 value is equal to 0.98 or close to 1, which is desirable. The adjusted R

2 
value is equal to 0.976. The result shows that the 

adjusted R
2
 value is very close to the ordinary R

2
 value. Adequate precision value is equal to 55.73; a ratio greater than 4 is 

desirable which indicates adequate model discrimination. 

 MRR Prediction Model: C.

The regression model for MRR in terms of coded factors is shown as follows: 

(   )                                                                            (4.4)                                                                                                        

The empirical models in terms of actual factors are shown by equation 4.5 and 4.6. Equation 4.5 represented the relation 

between the EDM parameters and MRR with kerosene while equation 4.6 represented the relation between the EDM parameters 

and MRR with kerosene +Si-C powder. 

(   )                                                                                 
                                                                                                                                                                    (4.5) 

(   )                                                                                  
                                                                                                                                                                    (4.6) 

 Effect of EDM Parameters on MRR: D.

The figure 4.3 shows the effect of voltage on metal removal rate at constant current (15.5 A), constant pulse on time (103 

microseconds) and constant pulse off time (56 microseconds). From the figure it is clear that the metal removal rate decreases as 

the voltage increases from 30 V to 45 V. With the higher voltage, the discharge time gets longer. This will lead to a wider 

average discharge gap. Therefore, MRR decreases as voltage increases. 

 
Fig. 4.3:                                                                                            Fig. 4.4: 

The effect of current on metal removal rate at constant voltage (37.50 Volts), constant pulse on time (103 microseconds) and 

constant pulse off time (56 microseconds) is shown in figure 4.4. It has been revealed from the figure that as the current 

increases, the MRR also increases. The higher is the peak current, the larger is the discharge energy. This leads to increase in 

MRR. 
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Fig. 4.5:                                                                                      Fig. 4.6: 

The effect of pulse off time on metal removal rate at constant voltage (37.50 Volts), constant current (15.5 A) and constant 

pulse on time (103 microseconds) is shown in figure 4.6. The amount of discharge energy decreases with increase in pulse off-

time. Further as the discharge energy decreases, MRR also decreases. 

 
                                                     Fig. 4.7:                                                           Fig. 4.8: 3D plot between current and pulse on time for  

                                                                                                                                                             MRR with kerosene 

Figure 4.7 shows the effect of Si-C powder on MRR. From the figure it is clear that higher MRR obtained with Si-C powder 

as compare to without Si-C powder. Due to applied voltage, the powder particles become energized and behave in a zigzag 

fashion. 

 
       Figure 4.9 3D plot between current and pulse on                           Figure 4.10 3D plot between pulses on time 

                                    And pulse off time for MRR with kerosene                             time for MRR with kerosene +Si-C powder 

The figures 4.8 and 4.9 show the 3 D plot for MRR between pulse on and current with kerosene and with kerosene +Si-C 

powder respectively. From the 3D plots it is clear that MRR increase with increase in pulse on time, as well as with increase in 

current. The maximum MRR is achieved at maximum pulse on time, maximum current and with Si-C powder. 

The figures 4.10 and 4.11 show the 3 D plot for MRR between pulse on and pulse off with kerosene and with kerosene +Si-C 

powder respectively. From the 3D plots it is clear that MRR increase with increase in pulse on time, as well as with decrease in 

pulse off time. The maximum MRR is achieved at maximum pulse on time, minimum pulse off time and with Si-C powder. 
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Fig. 4.11: 3D plot between pulse on time and pulse off time for MRR with kerosene+ Si-C powder 

V. OPTIMIZATION OF EDM PARAMETERS FOR MAXIMUM METAL REMOVAL RATE 

In the present study, the aim is to obtain the optimal values of EDM parameters for minimum surface roughness and maximum 

metal removal rate. The constraints used during the optimization process are summarized in Table 5.1.The optimal solutions are 

reported in table 5.2  
Table -5.1:  

Constraints for optimization of EDM parameters 

Condition Units Goal Lower limit Upper limit 

A:Voltage Volts Is in range 30 45 

B:Current Ampere Is in range 6 25 

C:Pulse on Microseconds Is in range 6 200 

D:Pulse off Microseconds Is in range 12 100 

E:type of dielectric 
 

Is in range Kerosene Kerosene+Si-C 

MRR mm3/min Maximize 33.36 81.21 

Table -5.2: 

 Optimization results for MRR 

Solution No. A:Voltage (Volts) B:Current (Ampere) C:Pulse on (Microseconds) D:Pulse off (Microseconds) MRR (mm3/min) 

1 30 25 200 12 78.3656 

VI. CONCLUSION AND FUTURE SCOPE 

The objective of the present work is to optimize EDM parameters for maximum MRR. An attempt has also been made to 

investigate the effects of the EDM parameters on surface roughness and MRR. Design of experiment using 2 level full factorial 

designs has been used to develop relationship for  MRR.The maximum MRR 78.3656 mm3/min has been obtained at voltage 30 

V, current 25 A, pulse on time 200 microseconds pulse off time 12 microseconds and with kerosene +Si-C powder. 

All the five independent parameters (Current, Voltage, Pulse on time Pulse off time and type of dielectric medium) seem to be 

the influential EDM parameters that affect the MRR. 

The MRR prediction model clearly shows that the pulse on seems to be the most significant factor that affect the MRR.MRR 

increases as increase in pulse on time, increase in current but decreases as increase in pulse off time and increase in voltage. 
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