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Abstract: The characteristics of a surface generated during the dry EDM process are 

assessed qualitatively and quantitatively as a function of voltage, current, pulse off-time 
and rotational speed of the tool electrode. A quantitative characterization of micro-cracks 
on the surfaces is performed. In this analysis, various features of micro-cracks formed on 
the dry ED machined surfaces are evaluated in terms of the average micro-crack lengths. 
These results are finally compared with those obtained using liquid dielectric EDM at the 
same parametric conditions. It was evident that average crack length was significantly 
influenced by voltage, current, pulse ‘off-time’ and speed. The average micro-crack length 
was 1.5 to 6 times higher in liquid dielectric EDM as compared to the dry EDM. 

  
Keywords: Dry EDM, micro-crack, crack length, crack number density, crack orientation and parametric 

analysis. 

 
 

1. INTRODUCTION 

 

        Dry electrical discharge machining is an 

advanced EDM variant which use gas as a 

dielectric medium and is a potential substitute for 

liquid dielectric EDM. It mainly encompasses 

supply of a gas through a rotating [1] thin-walled 

tube electrode, which also flushes out the debris 

from inter-electrode gap to some magnitude [2]. 

It is being explored by a few research groups in 

the world. The process overcomes some of the 

problems in liquid dielectric EDM process [3-9] 

such as: i) corrosion and electrolysis of the 

EDMed surfaces, ii) complication in dielectric 

supply, iii) greater forces produced after the 

dielectric breakdown in the liquid than gas and 

iv) greater electrostatic forces during the 

dielectric breakdown. Nevertheless, the dry EDM 

process has some challenges. Mainly, surface 

quality is poor due to splashing of molten metal 

in the absence of denser liquid [10]. To address 

the problem, researchers have developed various 

approaches to improve surface quality of the 

process. In this regard, a ‘quasi-explosion mode’ 

was proposed as a potential method to enhance 

the MRR by controlling pulse ‘off-time’ [2]. 

Zhang’s group [11] employed ultrasonic 

vibrations to improve the MRR of the process by 

providing shaking action to the workpiece as 

well as the plasma column. Kao et al. [10] 

developed a near dry EDM using liquid-gas 

mixture as a dielectric fluid for machining 

aluminium. Further, they explored the capability 

of the dry EDM for better MRR and the near-dry 

EDM for fine surface finish. They found that 

among the few electrode material-dielectric 

medium combinations, copper-oxygen is the best 

for dry EDM and, graphite with water-nitrogen 

mixture for the near-dry EDM. In this paper, the 

integrity of the dry EDMed surfaces has been 

analysed based on micro-cracks developed on the 

surfaces. The length of micro-cracks is a final 

result of effect of temperature, cooling, 

neighbouring environment and the processing 

parameters. As long as the environmental 

conditions are identical, we can consider that the 

lengths of micro-cracks are a function of 

processing parameters. The length of micro-crack 

is considered as the response variables. The 

effect of processing conditions such as voltage, 
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current, pulse off-time and shield clearance on 

the response variable has been included in this 

investigation.  

 

2. EXPERIMENTAL WORK 

 

       The aim of this experimentation is to analyse 

and quantify micro-crack formation in the dry 

EDM process and to identify the effect of 

processing conditions on the mechanism of 

surface crack formation. Analysis of crack length 

has been included in this work. Dry electrical 

discharge machining experiments were 

performed on a CNC EDM machine, see Fig. 1. 

 

 

 

 

 

 

 

Fig. 1 Dry EDM experimental set-up 

 

      In this investigation, six process parameters 

were chosen and experiments were performed 

(Fig. 2). The parameters are: voltage, current, 

pulse off-time, pressure, rotational speed of the 

tool electrode and clearance between tool 

electrode and the shield provided around sparks, 

and pressure of the oxygen gas dielectric. 

 

 

 

 

 

 

             

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Dry EDM parameters and their levels 

 

        The pulse off-time has been selected to 

satisfy ‘quasi-explosion’ condition. The three 

levels of pulse ‘off-time’ chosen are: one-third, 

one-sixth and one-ninth of pulse ‘on-time’. 

Approximately one-sixth has been proposed as 

the range for quasi-explosion mode earlier [7]. 

The micro-cracks on cross-section of dry EDMed 

holes were visible at 300X; hence this 

magnification was used in the analysis. Further, 

knowing the total number of micro-cracks and 

their total length, and the area of the region, the 

average length of micro-cracks were evaluated. 

The crack lengths were measured using a FEI 

Quanta-200 Scanning electron microscope 

(SEM). 

 

3. RESULTS AND DISCUSSION 

 

       In order to understand the influence of 

processing parameters on the response variable 

average crack length of micro-cracks on the 

surfaces, statistical analysis was performed [12]. 

The results based on the statistical analysis of 

ANOVA indicating the various factors that have 

significant influence (statistically at 95% 

confidence level) on average crack length on the 

machined holes are presented in Fig. 3. It is seen 

from Fig. 3 that voltage, current, pulse ‘off-time’, 

speed  and all the two-factor interactions have 

significant (statistically at 95% confidence level) 

effect on the average length of micro-cracks on 

the dry ED machined surfaces in all the cases of 

dry EDM, see Fig. 4 for SEM micrographs. 

 

  

 

 

 

 

 

 

 

                     

Fig. 3 Results of statistical analysis on average 

crack length 

 

The SEM micrographs of the surfaces generated 

using dry EDM, indicating the presence of 

micro-cracks are presented in Fig. 4 a-b. 

 

       It is observed that as the pulse off-time (Toff) 

increases from 22 to 33 μs, the average crack 

length decreases linearly (Fig. 5). A further 

increase in pulse ‘off-time’ from 33 to 67 μs, 

increases the average crack length in the wall 

region, and on the contrary, decreases in the 

bottom region. A low pulse ‘off-time’ does not 
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give sufficient time for deionization and 

restoration of dielectric strength in the inter-

electrode gap at the end of a discharge [3]. This 

causes abnormal discharges leading to arcing. In 

such a situation, it is observed that thermal 

fluctuations in arcing increase the length of 

micro-cracks, as explained earlier. Accordingly, 

at higher magnitude of pulse off-time, lesser 

length of micro-cracks is observed. 

 

 

 

 

 

 

 

 

 

 

 

       a. 

 

 

 

 

 

 

 

 

 

 

   b. 

 

Fig. 4 a-b SEM micro-graphs of dry EDMed 

surfaces indicating the presence of micro-cracks 

at different processing conditions: a. voltage= 80 

V, current = 18 A, pulse off-time = 22 µs, 

pressure = 0.20 MPa, speed = 100 rpm and 

clearance = 4 mm, b. voltage= 65 V, current = 15 

A, pulse off-time = 22 µs, pressure = 0.25 MPa, 

speed = 100 rpm and clearance = 4 mm 

 

       The lowest average micro-crack length was 

observed at the central level (15 A) of current (I) 

(Fig. 6). This could be due to sufficient melting 

and efficient removal of debris at this level of 

current [6]. It minimizes surface stresses and 

consequently the length of the cracks. 

 

      With an increase in voltage (V), average 

crack length decreases linearly (Fig. 7). In dry 

EDM, an increase in voltage causes a 

proportional increase in inter-electrode gap 

distance (d), such that the effective electric field 

(E) given by E = V/d exceeds the dielectric 

strength of the medium, for sparking to occur [8]. 

An increase in gap distance (d) leads to lateral 

expansion of the dry EDM plasma into the 

atmosphere. Thus, the energy reaching the 

workpiece and consequently, the average crack 

length decreases. 

 

 

 

 

 

 

 

 

 

Fig. 5 The analysis of means plot of average 

crack length with pulse off-time 

 

 

 

 

 

 

 

 

 

 

Fig. 6 The analysis of means plot of average 

crack length with current 

 

 

 

 

 

 

 

 

 



4 

 

Fig. 7 The analysis of means plot of average 

crack length with voltage 

        An increase in speed (N) increases the 

length of micro-cracks; however it slightly 

decreases at high speeds (Fig. 6). The rotational 

speed of electrode helps distribute the spark 

energy uniformly around the work surface being 

machined [8]. However, at very high spindle 

speeds, instability of sparks lowers the discharge 

energy, thereby causing a decrease in the average 

crack length. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8 The analysis of means plot of average 

crack length with speed 

 

     To realize the relative performance of dry 

EDM in terms of surface quality and integrity, 

the results obtained need to be compared with the 

conventional liquid dielectric EDM.  

 

      Thus, in order to compare the micro-cracks 

on surfaces machined using dry EDM vis-á-vis 

those using liquid dielectric EDM (using oil 

dielectric), experiments were conducted at a few 

selected parametric conditions, in liquid 

dielectric EDM on the same machine as used for 

dry EDM. The SE micrographs indicate that the 

dry EDMed work surfaces are relatively 

smoother than the liquid EDMed surfaces. This 

could be because of lower viscosity of gaseous 

dielectric, helping form shallow discharge 

craters.  

 

       Furthermore, the dry EDMed surfaces show 

shorter and localized micro-cracks whereas on 

liquid EDMed surfaces, longer and continuous 

micro-cracks on surfaces were observed. It is 

known that in the liquid dielectric EDM, the 

energy of each spark is higher [4, 7]. Moreover, 

the rapid heating and quenching of work surfaces 

causes generation of thermal and mechanical 

shocks and hence probability of cracking is 

higher [3]. 

 

       It is observed that the average crack length 

was 1.5 to 6 times higher in liquid dielectric 

EDM as compared to the dry EDM (Fig. 10-a,b). 

This could be due to i) a rapid heating and 

quenching due to oil dielectric and ii) increased 

carbon content of the machined surface, because 

of disintegration of oil dielectric, resulting in 

brittleness and favoring crack formation [8]. 

 

 

 

 

 

 

 

 

 

 

Fig. 9 A comparison of average micro-crack 

length in dry and liquid dielectric EDM 
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b. 

 

Fig. 10 SEM micrographs of liquid EDMed 

surfaces at different processing conditions: a. 

Dry EDM 

Liquid dielectric EDM 
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voltage= 80 V, current = 18 A, pulse off-time = 

22 µs, pressure = 0.20 MPa, speed = 100 rpm and 

clearance = 4 mm, b. voltage= 65 V, current = 15 

A, pulse off-time = 22 µs, pressure = 0.25 MPa, 

speed = 100 rpm and clearance = 4 mm 

 

4. CONCLUSIONS 

 

       The following conclusions are drawn from 

the analysis of surface micro-cracks in dry EDM 

using shielding: 

 The average crack length was controlled by 

voltage, current, pulse off-time and speed in the 

surface of the dry EDMed hole. 

 The highest level of voltage (80 V), lowest 

speed (100 rpm), a current of 15 A and a pulse 

off-time of 33 µs, yield the lowest micro-crack 

length. 

 As the rotational speed of the tool electrode 

increases from 100 to 200 rpm, an increase in 

the average micro-crack length by 8 µm is 

observed. 

 The average micro-crack length was 1.5 to 6 

times higher in liquid dielectric EDM as 

compared to the dry EDM. 

 The higher crack formation in liquid dielectric 

EDM could be due to i) a rapid heating and 

quenching due to oil dielectric and ii) increased 

carbon content of the machined surface. 
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