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Abstract 

The work presented in this paper is carried out to study the effect of the cryogenic treatment on the 

electrode material to improve the tool life. The experiments were performed in H13 material using 

untreated electrode and cryogenic treated electrode. The input process parameters studied for different 

level of interactions are discharge current, Voltage and pulse on time. L9 Taguchi method of 

optimization was used for these input parameters to see their effect on the Radial Over with different 

treatments to the tool. Discharge current is found to be the most contributing factor for Radial Ove in 

both untreated and treated electrode. The experiment has established an improvement of 17% in Radial 

Overcut 
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1. Introduction 

In 1766, Joseph Priestley, an English theologian and chemist, first noted the craters formed on the 

cathode(metal) surface due to electric sparks. In 1943, two Russian brothers Boris and Natalya 

Lazarenko were the pioneers who used the electric spark to remove metal. Electrical Discharge 

Machining (EDM) is a non-conventional machining process used to remove metal by a controlled 

disintegration of electrically conductive materials by the commencement of fast and repetitive spark 

releases between the anode and workpiece isolated by a little distance. EDM is a vital and powerful 

method of machining electrically conductive materials which are extremely difficult and fragile. In this 

process the electrode and workpiece are always maintaining a distance between themselves, therefor 

operator need not have to worry about the cutting forces  acting on workpiece[1].  A slight gap about 

0.025mm is kept by a servo system shown in Figure 1inbetween the EDM tool and workpiece. Dielectric 

fluid is used to envelope the EDM tool and work piece in the work pan. EDM oil/ Kerosene/deionized 

water are normal kind of dielectric liquids although gaseous dielectrics are additionally utilized in 

specific cases. At the point when a distinction of potential is applied between two conductors submerged 

in a dielectric liquid the liquid will ionize if the potential contrast arrives at a sufficiently high worth, a 

spark will happen. For tool and die industries which require working with hard material, EDM technique 

is the first choice and now it is turning a common approach to utilize EDM for prototyping  and low 
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volume production of parts especially in the aerospace and aircraft. Any conductive material of any 

hardness can be easily machined. 

 

Figure 1:  Set up of EDM. [1] 

2. Literature Review 

Pandey et al [2] first carried out the optimum process parameters for a high removal rate and a good 

surface quality for the ceramic material. S. Mahendran et al [3] proposed increasing the electrical 

conductivity of SiC by adding particles of TiB2 and Tin in the EDN process. H. Ramasawmy et al [4] 

investigated the EDM process of Al2O3 doped with TiC to improve its electrical conductivity. G. C. 

Onwubolu et al [5] proposed to improve metal removal rates and for fine surface finish by optimizing 

the carbide contents on the ceramics ZrO2 and Al2O3. Suleiman Abdulkareem et al [6] reported the 

increase in MRR, SR, ROC for higher values of pulse current by using a Cu-W tool electrode on AISI 

1045 alloy steel. R Mohandass et al [7] his research revealed that Cu electrode played a major role in 

improving material removal rate and radial overcut. Simarpreet Gill et al [8] research revealed the effect 

of DCT on machinability of Ti 6246 alloy in electric discharge drilling (EDD) by doing experimental 

investigations on the electrolytic copper electrode. He revealed that there was a drilling time breakeven 

point beyond which the MRR increases for deep cryogenically treated Ti 6246 alloy than that of non-

treated alloy. Our experimental work was focused on the electrical discharge machining of  tool steel 

with Cu(99%) tool electrode when cryogenic cooled and without cryogenic cooled and an attempt has 

been made to obtain optimal setting of the process input parameters for minimum overcut with EDM oil 

as dielectric fluid. 

 

 

. 
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3. Experiment Details 

3.1 Substrate Materials 

The substrate material selected for the study was commercially pure Cu (cooper) of 13mm diameter as 

electrodes. The electrode samples were cut into 13mm diameter and 40mm length for the experiments. 

The work piece material is H13 electrode steel. The workpiece material is cut into 

200mm×150mm×20mm.                                                                  

Table 1: Chemical Composition (Wt. %) of Copper Electrode 

 

3.2 Input-Output Parameters 

This research was carried out with selected combinations of electrodes and workpiece by selecting 

different levels of current, voltage and pulse on time using L9 orthogonal array of Taguchi design 

approach. Cryogenic treatment was performed at -180°C. EDM experiments were carried on 

SPARKONIX EDM machine. Dielectric medium used is Kerosene Oil. The experiments have been 

carried out maintaining those system parameters at diverse levels. The range of the discharge current 

was decided between 5A to 8A, pulse-on-time was decided on between 4μs to 6 μs and gap voltage 

decided between 30V to 50 V. The variety of method parameters had been given in table 2.Total 18 

experiments has been carried out in this study. 

Table 2: Range Of Process Parameters 

 

The thin line represents the cooling rate. Cooling rate is one of the most crucial parameter which should 

never again surpass 20-30 °C/hr with the aim to spare you the burst of the segments due to the cooling 

stresses. The ramp down time is 1°C/ hr. A temperature of –180 °C is achieved in 7 hours. After 

cryogenic treatment tempering is done at 140°C for 4 hours and after it is air cooled to room 

temperature. Figure 2: shows the cryogenically cycle which is used for cryogenic treatment of copper. 
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Figure 2:  Cryogenic Cycle 

3.3 Experiment Procedure 

While doing the machining by EDM the cavities are produced somewhat greater than the electrode size, 

which result in radial overcut (ROC). ROC is important when close tolerance is required in production 

of components. ROC is the half the difference of diameter of the hole produced in workpiece to the 

electrode diameter that is shown by the equation. 

ROC = (Djt-Dt)/ 2 

Table 3: Orthogonal array L9 matrix 
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Table 4: Non-cryogenic cooled electrode ROC value 

 

 
Table 5: Cryogenic cooled electrode ROC value 

 

4. Result and Discussions 

The mean effect plots of the S/N ratios for the overcut were obtained using Minitab 14.1 software.. The 

average values of S/N ratios for overcut at different levels are plotted in Figure 3. It is clear from the 

Figure 3 that the radial over cut increases with the increase in Peak current.  Peak current is the most 

significant on the radial over cut. The ROC is unavoidable though adequate compensation is provided at 

the time of tool design. We have to reduce the value of radial over cut to achieve accuracy, therefore 

factors affecting the ROC is essential to measure. The graph represents that current is directly 

proportional to the ROC. Increasing in the discharge current from 5 to 8A the ROC is increasing sharply 

and after increasing the current from 8 to 12A there is slight increase in the ROC. ROC decreases with 

the increase in gap voltage.  
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Figure 3: Effects of process parameters on Radial Overcut for Non-Cryogenic Cooled Electrode 

 

From the Table 6 it can be seen that the most significant factor is peak current. In ANOVA table shows 

that the peak current (F 12.58value), voltage (F 2.18 value), pulse on time(F5.21value) are the factors 

that significantly affect the ROC. 

Table 6:  ANOVA table for Non-Cryogenic Cooled Electrode 

 

It is seen in Figure 3 peak current is the most significant on the ROC. The graph represents that current 

is directly proportional to the ROC. Increase in the peak current from 5 to 8A the ROC is increasing 

sharply and after further increasing the current from 8 to 12A there is slight increase in the ROC. When 

the voltage is at level 1 and further increased to level 2 there is increase in ROC and when the voltage is 

increased from level 2 to level 3 the ROC is decreased with the increase in gap voltage because with 

increase in the gap voltage the average discharge gap gets widened resulting into better surface accuracy 

due to stable machining. Significant effect of pulse on time is also seen in Figure 4 when the pulse on 

time is increased from level 1 to level 2 there is decrease in ROC further increase in pulse on time 
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decrease ROC because due to plasma form between the gap of electrode and workpiece the lesser energy 

is transferred to workpiece due to which ROC decreases with increase in pulse on time. 

 

Figure 4: Effects of Process Parameters on Radial Overcut of Cryogenic Cooled Electrode 

In ANOVA table it is clear that the significant factors are peak current and voltage. In Table 7 the 

variation data for each factor and their interactions were F-tested to find significance of each. 

 

Table 7: ANOVA table for Cryogenic Cooled Electrode 

 

ANOVA Table 7 shows that the peak current (F 19.67value), voltage (F 7.65 value), pulse on time (F 

4.43value) are the factors that significantly affect the SR. The parameter R2 (amount of variation) = 

96.95%, Adj R2 = 87.79%, and the standard deviation of error in the modeling S= 0.0809039. The 

second level of pulse on time (i.e. 5μs) seems to be optimal. Figure: 3 further suggest that third level of 

gap voltage (i.e.50V) gives optimal results. 
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5. Conclusion 

1. For radial overcut the most important factor is discharge current then voltage and after that pulse on 

time. 

2. Radial overcut is critical parameter in EDM. Since cryogenic treatment has a significant positive 

effect this parameter it can be recommended that cryogenically treated electrodes can be efficiently 

machined through EDM.  

3. The optimum condition for machining the 12.5mm electrode is at 5A current and at 50V whereas the 

effect of pulse on time is almost negligible for 12.5mm electrode. 

4. In cryogenic treated electrode improvement in surface roughness is also reported. 
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