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Abstract: Dry electrical discharge machining is the process, which employs gas as the dielectric medium instead 
of liquid. Low material removal rate (MRR) and poor stability are the two major research issues of this process. 
This paper aims to investigate the feasibility and capability of the dry EDM process through a set of experiments. 
Experiments were performed using electrodes of diameters 3 mm and 3 mm with peripheral slots to analyze the 
effect of control factors such as gap voltage, discharge current, pulse on-time and duty factor (electrical), spindle 
speed and gas pressure (non-electrical). Statistical analysis using ANOVA for MRR and oversize showed that 
discharge current (I) and pulse-on time (Ton) were the most influencing factors for a dry EDM using slotted 
electrodes.  
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1.0 INTRODUCTION 

Dry electric discharge machining evolved a decade ago, and there have been a few developments in 
this technology since then. It involves supply of a gaseous dielectric acting as a dielectric medium, 
through a tubular electrode. Dry EDM is characterized by extreme simplicity [1], minimum tool wear 
[1-7], minimum inter-electrode gap capable to achieve better accuracy [7], negligible damage of the 
electrodes due to lower gravity forces of dielectric [4], and low heat concentration with smaller and 
thinner white layer [7]. In most of the previous studies, experiments were concentrated on a steel 
work piece with a copper electrode. In general it is observed that dry EDM gives poor MRR and 
dimensional accuracy, along with high debris deposition [3, 5].  

Therefore, this paper proposes a dry EDM process with varying geometries of tool electrodes. 
Peripheral slots were provided and the number of slots was varied. It is envisaged that it helps better 
escape of gases and debris removal, thereby improving the process. This paper discusses the work 
carried out to analyze the effect of slots on the periphery of the electrode on the performance 
characteristics of dry EDM process. 

2.0 EXPERIMENTAL WORK 

The objective of this experimentation is to demonstrate the feasibility of the dry EDM process and 
attempt to vary the geometry of the electrodes. Analysis of MRR and oversize of machined surfaces 
has been included in this work. 

2.1 Specifications of machine, dielectric, work and tool 

Dry EDM drilling experiments were performed on a ZNC EDM machine with a MOFSET pulse 
generator. Fig 1 a-b shows the dry EDM experimental set-up. Oxygen gas is supplied through the 
central hole on the copper pipe electrodes, Table 1. The electrodes were finish turned and were 
grounded at the ends. Further, the geometry of some of the electrodes was modified by making 
equally spaced square cut-outs along the periphery of the pipe electrodes. Mild steel was used as 
workpiece for the experiments, Table 1. 

2.2 Experimental design 

In preliminary investigation, six process parameters were chosen and experiments were planned 
using Taguchi’s design [8], Table 1. Three sets of experiments were conducted on dry EDM under 
varying conditions of input parameters, see Table 2. 

 L8 experiments using tubular copper electrode of 3 mm outside diameter (plane)

 L8 experiments using tubular copper electrodes of 3 mm outside diameter (slotted), see

Fig.1 a-b.
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a.                                                                       b. 

Fig. 1a-b a. Sketch of dry EDM experimental set-up b. Optimum no.of peripheral slots (n=4) 

Table.1 Geometrical, dimensional and compositional details of workpiece, tool and dielectric 

 

It is known that gap voltage (V) and discharge current (I) are the main factors controlling the supply of 
energy to the spark in a dry EDM process, and their variation is directly proportional to MRR of the 
process [6]. It is expected that non-electrical factors, viz., electrode speed (N) and gas pressure (P) 
influence the stability of the process (see Table 2).  

Table 2. Details of experimental design and process outputs 

 

2.3 Response variables 

In addition to MRR, an attempt has been made to quantify hole oversize (OD error (%)).The MRR was 
determined by measuring the depth of the hole achieved using Nikon Tool Maker’s Microscope. The 
OD error too was also measured using the same instrument. 
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3.0 RESULTS AND DISCUSSION 

3.1 Optimization of number of slots 

Experiments were performed with 5 mm electrode with varying peripheral slots with zero to eight 
peripheral slots. MRR and TWR were measured for all the cases. It was evident that the electrodes 
with four slots give the best results in terms of maximum MRR (Fig. 2 a), minimum tool wear (Fig. 2 
a) and maximum depth achieved (Fig. 2 b). In the subsequent detailed experiments, four-slotted 
electrodes were used. 

           

a.                                                                         b. 
Fig.2 a-b Optimization of number of slots on electrode periphery: variation of outputs with number of 
slots a. MRR/TWR b. depth achieved 

3.2 Analysis of material removal  

The results of MRR evaluation for the plane/slotted electrodes are presented in Table 2.They show 
that there is a slight overall increase in MRR and oversize, with the introduction of slotted electrodes. 

Table 3 a-b ANOVA for MRR (mm
3
/min) for experiment with a. plane and b. slotted electrode 

  

 

a.                      b.        c.              d.                  e.                    f.  

Fig.3 a-f AOM plots for MRR in experiment with plane electrode and experiment with slotted electrode 
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The ANOVA table shows that the gap voltage (V), discharge current (I) and pulse-on time are 
statistically significant in influencing MRR, for all the experiments (see Table 3 a-b). Trends in the 
variation of MRR, with the processing parameters are presented in the main effect plots (see Fig. 3 a-
f). The ANOVA results for experiment with 3 mm OD plane electrode shows that gap voltage (V), 
Current (I), pulse on time (Ton) and speed of electrode (N) are statistically significant at 95% 
confidence level (See Table 3-a). ANOVA results of the experiment with 3 mm OD slotted electrode 
show that all parameters are statistically significant for MRR (see Table 3-b).This indicates that for the 
experiment with slotted electrode, to understand the influence of parameters on the process 
performance, a better control on the process is essential. 

3.2.1 Effect of gap voltage (V) on MRR  

Statistical analysis using ANOVA shows that gap voltage is a significant parameter at 95% confidence 
level. Generally, it is expected that an increase in voltage increases discharge energy and 
consequently the MRR. However, it is observed that an increase in gap voltage, results in a decrease 
in MRR (Figs.3-a). An increase in gap voltage causes an increase in gap distance, thereby reducing 
the flushing efficiency and increasing the plasma expansion and hence reducing the MRR [7]. A 
similar effect of increase in electric field due to an increase in voltage, which helps discharge to occur 
at high gap distance, has been observed in conventional EDM too [9]. 

3.2.2 Effect of current (I) on MRR 

It is evident that the discharge current is a statistically significant parameter in influencing MRR. As 
indicated in the main effects plot (See Fig.3-b). There is a linear increase in MRR with current (I). It is 
expected that an increase in current causes an increase in discharge energy, which increases MRR. 
This results in similar to earlier results dry EDM [1-7] and conventional EDM [9-12]. 
 
3.2.3 Effect of pulse-on time (Ton) on MRR 

Statistical analysis of MRR reveals that pulse-on time (Ton) significantly influences the process at 95% 
confidence level. The result is as per the anticipation since pulse-on time contributes to the total pulse 
energy. A linear variation is evident between the pulse-on time and MRR (Fig.3-c). 

3.2.4 Effect of duty factor on MRR  

As observed from the results of statistical analysis using ANOVA, duty factor significantly influences 
MRR in experiment using a 3 mm slotted electrode. A linear increase in MRR with duty factor is found 
for both experiments (see Fig.3-d).  

3.2.5 Effect of other parameters on MRR  

The results of ANOVA (see Table 3 a-b) show that oxygen pressure (P) is statistically significant for 
the experiment using a slotted electrode. In the experiment using a 3 mm plane electrode, it causes a 
steady increase in MRR with pressure, whereas in the experiment using 3 mm slotted electrode, there 
is a linear decrease in MRR with the pressure (P) (see Fig.3-e). This could be due to better flushing in 
the former case and the effect of energy dissipation due to slots, in the latter case [7]. It is known that 
providing rotation to the electrode is found to be beneficial in many of the earlier investigations on 
EDM [10, 11]. It is known that rotation enhances flushing action along with a higher oxygen flow 
through the slots on the periphery. However, for a plane electrode, it is also expected that the 
centrifugal force and movement of tool, reduces MRR [1,7,12] (See Table 3 a-b and Fig. 3-f). 

3.2.6 Comparative effects 

A comparison of parameter effects on MRR in the two experiments is presented in Table 4. This table 
gives how the importance of processing parameters changes when the electrodes are changed. The 
relative importance of processing parameters change significantly with the use of slotted electrodes. 
In the case of plane electrodes, current is the highest contributor to MRR (350%) followed by pulse-on 
time (150%). However, with slotted electrode, pulse-on time (Ton) is the highest contributor (175%) 
followed by current (152.9%). 

3.3 Analysis of oversize 

The values of OD error were found out for each of the experiments. Further, statistical analysis using 
ANOVA was performed for each of these experiments (Table 5 a-b) and the AOM plots were made 
similar to Fig 3 a-f. A similar procedure was followed for analysis of the ID error (%); the results are 
presented elsewhere [13]. 
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3.3.1 Effect of input parameters on OD error (%) 

ANOVA results indicate that for the two experiments, it is observed that all the parameters except gas 
pressure (P) are statistically significant in influencing OD error (%), Tables 5-a and 5-b.Table 6 
presents the influence of processing parameters on OD error (%), under the effect of a variation in 
geometry of the face of electrode from plane to slotted. 

 

              

             Fig. 4 SEM image of a dry EDMed hole 
         after parametric optimization [13] 

Fig.4 shows the cross-sectional view of a typical hole generated using dry EDM, at 80X magnification, 
after parametric optimization (machining time = 30 minutes); however the results are presented 
elsewhere [13]. 

3.3.2 Comparative effects 

A comparison of the effect of parameters on OD oversize (%) is presented in Table 6. It is evident that 
for plane electrode, electrode rotation has the maximum influence on OD error (23.7%) followed by 
pulse-on time (13.2%), duty factor (11%) and current (10.4%). However, for slotted electrode, the 
comparative analysis of factor effects showed that there is no single factor that influences oversize, 
though duty factor has a marginally more influence (6.89%).  

 

 

 

Table 5 a-b ANOVA for OD error (%) for  
a. plane electrode b. slotted electrode 

Table 6 Influence of control  
factors on OD oversize 

-  decrease          - increase 
 

Table 4 Influence of control 
factors on MRR 

 

-  decrease          - increase 
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4.  CONCLUSIONS 

 
Experimental studies on dry EDM, demonstrating the feasibility and capability of the process, are 
presented in this paper. The experimental results show that: 

 In the case of a plane electrode, voltage (V), current (I), pulse-on time (Ton ) and speed (N) 
are statistically significant in influencing the MRR. However, in the case of slotted electrodes, 
all the six factors are statistically significant in influencing MRR. 

 A comparative analysis of factors influencing MRR with both electrodes showed that for a 
plane electrode, current (I) is the highest contributor to MRR followed by pulse-on time (Ton) 
whereas for a slotted electrode, pulse-on time(Ton) is the highest contributor followed by 
current (I). 

 On considering oversize, it is found that all the parameters except gas pressure (P) influence 
statistically on the oversize error at OD. 

 The comparative analysis of factor effects for oversize showed that for a plane electrode, 
electrode rotation (N) has maximum influence on OD error followed by pulse-on time (Ton), 
duty factor and current (I), whereas for a slotted electrode, there is no single factor that 
influences oversize error. 
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