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 The pulse duration parameters have influent nature on discharge energy in Electrical 
discharge machining (EDM) process.In present study, an attempt has been made to 

analyze the effect of pulse duration parameters on performance measures in EDM while 

machining AISI 304 stainless steel. Various machining experiments have been 
conducted under Taguchi approach and analyzed using regression analysis. The 

influence of process parameters on machinability have been analyzed using Data 

Envelopment Analysis-Based Ranking (DEAR) methodologyPulse on time has most 
influent nature on material removal rate whereas flushing pressure has influent nature 

on surface roughness.Pulse on time has most influent nature on performance measures 

owing to its importance on determining discharge energy during machining process. 
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INTRODUCTION 

 

Electrical Discharge Machining (EDM) is one of 

the advanced machining, in which thermal energy is 

used for removing the material from the work piece. 

Both the tool and the work piece are separated by 

small standoff distance in term of air gap. The 

electrical energy is supplied between tool and work 

piece in the form of DC pulse. When the air gap is 

short, a spark is initiated due to the ionization of 

dielectric medium. This causes to produce excess 

amount of heat energy(Kuppan et al., 2008). The 

material is melted and vaporized due to the thermal 

energy. The flushing process is utilized for removing 

melted material. Muthuramlingam and Mohan (2013) 

found that discharge energy has significant 

contribution on performance measures in EDM 

process. Mohan et al. (2004) discussed about 

machining characteristics of composite materials 

with rotary electrode tube using EDM process. It has 

been evident that only less amount of attention has 

been given related to evaluate the effect of electrical 

process parameters on machining characteristics 

especially surface finish. The thermal energy 

dissipated during the EDM process is directly 

proportional to the electrical energy discharged 

between tool and electrode. This discharge energy is 

characterized by the DC pulses applied across the 

EDM setup. The discharge energy is mostly 

influenced by the pulse duration in electro erosion 

process (Salonitis et al., 2009). There are many 

parameters involved in EDM process. The melted 

particles resolidify again and dispersed in the 

dielectric medium itself. These particles are being 

ejected from the machining zone using the flushing 

process. If the flushing pressure will not be selected 

as the optimal one, the machinability will be affected 

(Han et al., 2004).  From the above literatures, it has 

been found that only little attention has been given 

for finding the influence of pulse duration and 

flushing pressure on performance measures in EDM 

process. Hence, an attempt has been made to find the 

significant of pulse on time (Ton), pulse off time (Toff) 

and flushing pressure (Pf) on machining 

characteristics in the present study.  

 

Experiments And Methods: 
The discharge energy deals a major role on 

determining machinability in EDM process. Since 

the pulse duration deals the major role on the 

discharge energy, it has been taken as the input 

parameters for this study as per Eqn.1. 

 

Discharge Energy = Gap voltage * discharge current * pulse duration (1)  
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Significance of Uniform Energy Distribution:  

The isoenergy pulse generator can produce 

better surface finish, since it produces same 

discharge current for every cycle of pulse supply to 

reduce random energy distribution on the surface 

((Muthuramalingam and Mohan, 2013). A modified 

uniform energy approach has been proposed with iso 

energy pulse generator by controlling the discharge 

current and pulse duration to enhance the process 

mechanism. The uniform current duration has been 

chosen as 50μs for better surface finish. By changing 

the width of the drive pulse, it is possible to control 

the duration of the discharge current pulse. This same 

duration of current pulses leads to the uniform 

energy distribution. This occurrence causes for 

uniform crater volume over the machined surface in 

EDM process.  

 

Selection of Process Variables: 

Owing to its importance in manufacturing field, 

AISI 304 stainless steel has been used as the work 

material in this present study. Copper is selected as 

tool material for machining the workpiece with 5mm 

thickness using EDM process. The EDM drilling 

process has been conducted for making 5mm blind 

hole. Pulse on time (Ton), pulse off time (Toff) and 

flushing pressure (Pf) have been chosen as input 

process parameters based on their importance in 

EDM. Since the machining process have three input 

factors, L9orthogonal table has been selected as per 

Taguchi design of experiments. Kerosene has been 

used as dielectric medium in EDM process. It has 

been utilized for insulating purpose and flushing 

process. Since the discharge energy depends on gap 

voltage, duty factor and discharge current, they have 

been selected as electrical input process parameters 

with different types of tool electrode. Material 

removal rate (MRR) and surface roughness (Ra) have 

been selected as the response parameters. Gap 

voltage and discharge current has been selected as 

80V and 15A respectively. 5µs, 10µsand 15µs have 

been selected as pulse on time values. The pulse off 

time has been chosen as 1µs, 3µsand 5µswith 

flushing pressure of 1 bar, 1.5 bar and 2 bar.  

 

Measurement of Performance Measures: 

The surface quality of the EDM product can well 

be evaluated by the average surface roughness and it 

is normally expressed in µm. On any machined 

surface, the imperfections are found in the form of a 

succession of hills and valleys which vary both in 

height and in spacing. The characteristics of the 

machining process can be accessed through these 

imperfections. Surface roughness is described by 

arithmetic mean value and which is based on the 

average length between peaks and valleys, and 

thedeviation from mean line on the entire surface 

within the samplinglength as per the centre 

lineaverage roughness method.In the present study, 

the average surface roughness has been computed 

using SE1200 Kasaka lab surfcoder surface 

roughness tester. The cutoff length has been taken as 

0.8mm whereas the evaluation length has been 

chosen as 2.4mm. The two dimensional view of the 

machined surface has been acquired using SIPCON 

SVI107 vision measurement system.MRR has been 

computed as ratio between the differences in weight 

of toolbefore and after the trial to the machining 

time. 

 

Data EnvelopmentAnalysis based Ranking( DEAR) 

methodology: 

In this method, a set of original responses are 

mapped into a ratio so that the optimal levels can be 

found based on this ratio. This value can be treated as 

multi‑response performance index (MRPI) value to 

find the optimal combination of the process 

parameters. The following steps are involved in 

DEARmethodology (Muthuramalingam and Mohan, 

2013): 

1.  Determine the weights (w) for each response 

for all experiments. Weight of response is the ratio 

between response at any trial to the summation of all 

responses. 

2.  Transform the data of response into weighted 

data by multiplying the observed data with its own 

weight. 

MRPI =  A/ B            (2) 

A = MRR * WMRR                        (3) 

B= Ra * WRa                         (4) 

The weights for all the response variables have 

been computedas the following equations: 

 

WMRR = MRR/∑MRR                        (5) 

WRa= (1/Ra)/∑(1/Ra)                        (6) 

 

RESULTS AND DISCUSSION 

 

Totally, nine experiments have been conducted 

according to the Taguchi design of experiments for 

investigating the effects of pulse duration and 

flushing pressure on machinability of AISI 304 

stainless steel in EDM process. Table 1 shows the 

performance measures values with its MRPI values. 

Table 2 shows the values of MRPI of all the 

experiments.
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Table 1: Experimental results with MRPI values 

Factors MRR 

(mm3/min) 

Ra 

(µm) 
WMRR WRa MRPI 

Ton Toff Pf 

5 1 1 6.468 0.965 0.08598 0.093817 6.142679 

5 3 1.5 6.137 0.769 0.089254 0.129917 5.482645 

5 5 2 5.845 0.635 0.093338 0.180825 4.751276 

10 1 1.5 8.768 0.828 0.154429 0.169287 9.65992 

10 3 2 8.294 0.735 0.172759 0.229571 8.491825 

10 5 1 7.975 1.063 0.200806 0.206034 7.311982 

15 1 2 10.968 0.678 0.345558 0.406855 13.73973 

15 3 1 10.649 1.179 0.512661 0.394453 11.73898 

15 5 1.5 10.123 0.768 1 1 13.18099 

 

Table 2: Multi‑response performance index values of experiments 

Factor Level 1  Level 2 Level 3 Max - Min 

Ton 5.4589 8.4879 12.8866 7.4277 

Toff 9.8474 8.5711 8.4147 1.4327 

Pf 8.3979 9.4412 8.9943 1.0433 

 

Influence of process parameters on Material 

Removal Rate: 

The influence of process parameters on material 

removal rate is shown in Figure.1. Main effect plot 

shows how each input factor affects theresponse 

characteristics in any process. It is presented whena 

different level of a factor dominates the response 

differently. The deviation from the horizontal 

indicates the influence input factor on response 

parameters. When theresponse line is not parallel to 

the x-axis, then there is amain effect present. In the 

present study, the maineffect plots have been 

achieved with the help of Minitabsoftware package. 

From the figure, it has been understood that pulse on 

time has most influence nature on material removal 

rate (Kuppan et al., 2008). Since the discharge 

energy is directly proportional to the pulse on time, it 

has most influent nature on MRR than the other 

process parameters such as pulse off time and 

flushing pressure. The regression equation also gives 

the same result as per the Eqn. 7. 

 

Material Removal Rate  =  4.67722 + 2.215 Ton - 0.376833 Toff + 0.0025 Pf                                                         (7) 

 

 
Fig.1: Influence of process parameters on material removal rate 

 

Influence of Process Parameters on Surface 

Roughness: 

The influence of process parameters on surface 

roughness is shown in Figure.2. From the figure, it 

has been understood that flushing pressure has most 

influence nature on surface roughness. The surface 

quality mainly depends on deionization of plasma 

column in the machining zone ((Muthuramalingam 

and Mohan, 2013). Since the flushing pressure has 

most significant nature on the deionization, the 

flushing pressure has most influent nature on Ra than 

the other process parameters such as pulse on time 

and pulse off time. Figure.3 shows the surface 

topography analysis of machined workpiece. It has 

been observed that the lower flushing pressure has 

produced higher surface roughness due to the 

improper deionization of the machining zone. The 

regression equation also gives the same result as per 

the Eqn. 8. 
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Surface Roughness = 1.14933 + 0.0426667 Ton - 0.000833333 Toff - 0.193167 Pf        (8) 

 
Fig. 2: Influence of process parameters on surface roughness 

 

 
Fig. 3: surface topography of machined workpiece 

 

Influence of process parameters on MRPI: 

 
 

Fig. 4: Influence of process parameters on MRPI 

 

It is highly desirable to have the better 

performance measures in any process. Since the 

Taguchi approach deals with only single response, 

the multiple performance measures such as MRR and 

Rahave been converted into single response using 

DEAR approach in the present study. The influence 
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of process parameters on MRPI is shown in Figure.4. 

From the figure, it has been understood that pulse on 

time has most influence nature on both the 

performance measures (Kuppan et al., 2008). Since 

the discharge energy is directly proportional to the 

pulse on time, it has most influent nature on MRPI 

than the other process parameters such as pulse off 

time and flushing pressure. The higher max-min 

value indicates higher influent nature of input 

parameter on performance measures. From the 

Table.2, it has been understood that the Ton has most 

significant nature on performance measures in EDM. 

The regression equation also gives the same result as 

per the Eqn. 9. 

 

MRPI = 2.35304 + 3.71385 Ton - 0.716347 Toff + 

0.298198  Pf    

     (9) 

 

Conclusion: 

A detailed experimental investigation has been 

conducted on AISI 304 stainless steel with various 

combinations of pulse duration parameters and 

flushing pressure. The effects of input process 

parameters on MRR and surface roughness have 

been compared and analyzed. Based on those results, 

the following conclusions have been made. 

 (1) Pulse on time has most influent nature on 

performance measures owing to its importance on 

discharge energy in EDM process. 

 (2) Flushing pressure has most significant 

nature on surface roughness  due to its importance in 

proper deionization of machining zone in EDM 

process. 

REFERENCES 

 

Han, F., S. Wachi and M. Kunieda, 2004.  

Improvement of machining characteristics of micro 

EDM using transistor type isopulse generator and 

servo feed control. Precision Engineering, 28: 378-

385. 

Kuppan, P., A. Rajadurai and S. Narayanan, 

2008. Influence of EDM process parameters in deep 

hole drilling of Inconel 718. International Journal of 

Advanced Manufacturing Technology, 38: 74-84. 

Mohan, B., A. Rajadurai and K.G. 

Satyanarayana., 2002. Effect of SiC and rotation of 

electrode on electric discharge machining of Al-SiC 

composite. Journal of Materials Processing 

Technology, 124: 297-304. 

Muthuramalingam, T and B. Mohan, 2013. 

Influence of discharge current pulse on machinability 

in electrical discharge machining. Materials and 

Manufacturing Processes, 28: 375-380. 

Muthuramalingam, T and B. Mohan, 2013.  

Multi‑Response Optimization of Electrical Process 

Parameters on Machining Characteristics in 

Electrical Discharge Machining Using Taguchi–Data 

Envelopment Analysis‑Based Ranking 

Methodology. Journal of Engineering and 

Technology, 3: 57-60.  

Salonitis, K., A. Stoumaras, P. Stavropoulo and 

G. Chryssolouris, 2009.  Thermal modeling of the 

material removal rate and surface roughness for die-

sinking EDM. International Journal of Advanced 

Manufacturing Technology, 40: 316-323. 

 


