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ABSTRACT 

The Inconel 800 is nickel based super alloy has wide scope in high temperature applications in Engineering.  The 
machinability studies were found limited. This research focuses on machinability studies on die sinking type EDM of 
Inconel 800 with Electrolyte Copper Electrode. The factors pulse on Time, Pulse off Time and Peck Current were 
considered to observe the responses of surface roughness, material removal rate, tool wear rate. Taguchi Full Factorial 
Design is employed for Design the experiment. The contribution of each parameter was discussed. 
 
Keywords: EDM, inconel 800, taguchi method, surface roughness, tool wear rate, material removal rate. 
 
INTRODUCTION 

According to the literature some research works 
were reported on EDM in machining performance 
improvements on such difficult-to-cut materials. Kuppan 
et al. [1] investigation was on EDM deep hole drilling on 
Inconel 718. The process variables like peak current, pulse 
on-time, duty factor and electrode speed were considered 
for their investigation as factors. In which the authors 
developed mathematical models for the responses of MRR 
and depth averaged surface roughness (DASR) and used 
response surface methodology. Rajyalakshmi and Venkata 
Ramaia [2], investigations were for the performance 
measures like MRR, SF, and SG in Wire EDM on Inconel 
825 material they used Taguchi grey relational analysis for 
optimizing process parameters. Muthu Kumar et al. [3] 
investigation was in WEDM process to optimize 
parameters by Gray–Taguchi Method for machining 
Incoloy800 super alloy with multiple performance 
characteristics such as MRR, surface roughness and Kerf.                  
Lin et al. [4], analysed parameter optimization on micro 
milling EDM for the machining of Inconel 718. The 
another attempt was made by Muthu Kumar et al. [5],  on 
WEDM process to optimize parameters for improving 
responses of MRR, SR and Ker width for machining 
Titanium alloy. The authors recently developed a 
Mathematical Model for Radial Overcut on Electrical 
Discharge Machining for Incoloy 800. And they used 
Response Surface Methodology [6]. Rathi and Mane[7]  
studied the Effect of Powder Mixed dielectric in EDM of 
Inconel 718 machining with powders like Silicon carbide, 
Aluminum oxide, Graphite. Karunakaran and 
Chandrasekaran [8] work was on nPMEDM to study the 
influence of Al, Si and MWCNTs nonopowders. This 
work analyse the machine-ability performance on Inconel 
800 with Silver coated electrolyte copper Electrode as well 
as plain electrode [9]. 

 

 
 
 

EXPERIMENTATION 
The factors  peak current varied  at three levels as 

5a, 10A and 15A, similarly the pulse on time and Pulse off 
times were considered at three levels as 6µs, 7µs , 8µs and 
3 µs, 4 µs, 5µs respectively.  

 
Table-1. Taguchi full factorial design. 

 

 
 
 



                                     VOL. 12, NO. 8, APRIL 2017                                                                                                             ISSN 1819-6608            

ARPN Journal of Engineering and Applied Sciences 
 

©2006-2017 Asian Research Publishing Network (ARPN). All rights reserved.

 
www.arpnjournals.com 

 

 
2408

Table-2. Experimental results. 
 

 
 

Taguchi Full factorial Design is shown in      
Table-1. The MINITAB release 16 software was used for 
obtaining such design.  The gap voltage 240V is 
maintained. In this experiment, the work piece 
(ϕ22×20mm) was Inconel 800. Additionally, the tool 
material (ϕ25×23mm) was electrolytic copper. Polarity 
used was straight. The observations like SR, MRR and 
TWR were recorded in Table-2. The average of three trails 
was considered for recording to avoid observational error. 
The machining time per run is 5 minutes. The MRR and 
TWR are computed by using the equation (1) and (2). The 
Electronica Machine Tools make Xpert model die sinking 
type CNC EDM machine was employed in this research. 
Kerosene is dielectric fluid in this machine because of its 
property of very low viscosity and it gets flushed away 
easily. The Taylor Hobson make, Surtronic3+ branded 
contact type profile-meter was used to measure surface 
roughness with 0.8mm cut of length. MRR is 
mathematically expressed equation 1, where Wj1 and Wj2 
are weights of the job/ Sample before and after the 
machining respectively. The machining time is t min. 

MRR = (Wj1 –Wj2) / t       (1) 
 
TWR is expressed mathematically in equation 2.  
 

TWR= (Wt1 - Wt2) /t                                  (2) 
 

where Wt1 and Wt2 are weights of the job/ sample 
before and after the machining respectively. 
 
RESULT AND DISCUSSIONS 

 
a) The material removal rate (MRR) 

The results were graphically analysed and 
depicted the machinabilty characteristics.   The MRR 
performances when maintained the constant Pulse on 
Times of 6 µs, 7 µs and 8 µs are depicted in Figure-1 to 
Figure-3. 
 

 
 

Figure-1. MRR at pulse on time 6 µs. 
 

 
 

Figure-2. MRR at pulse on time 7 µs. 
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Figure-3. MRR at pulse on time 8 µs. 
 

The results show that the MRR linearly increases 
with increase of peak Current.  The MRR with respect to 
pulse off time is also significant.  The parameters 
influence with respect to maximum MRR were 
numerically estimated and tabulated in the Table-. The 
Pulse on Time increment also increases the MRR. Hence 
controlling all three parameters will help to get desired 
machine-ability quality for meeting the job requirements. 
 
b) The surface roughness (SR) 

The surface roughness on machined is a measure 
of surface finish.  The SR performances when maintained 
the constant Pulse on Times of 6 µs, 7 µs and 8 µs are 
depicted in Figure-4 to Figure-6 respectively. The good 
surface quality usually obtained at minimum settings of 
operating parameters. But their individual contribution 
was analysed with respect to maximum tool wear. The 
results were furnished in Table-3. 
 

 
 

Figure-4. SR at pulse on time 6 µs. 
 

 
 

Figure-5. SR at pulse on time 7 µs. 
 

 
 

Figure-6. SR at pulse on time 8 µs. 
 

 
 

Figure-7. TWR at pulse on time 6 µs. 
 

 
c) Tool wear rate (TWR) 

The TWR was monitored and graphically 
depicted in Figure-7 to Figure-8 for the constant pulse on 
Time 6 µs, 7 µs and 8 µs respectively.  TWR observed 
were minimum values at low pulse on Time, low pulse off 
time and low Peak Current settings. The TWR is 
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comparatively lower than MRR.   The TWR gradually 
increases with increase of the operating parameters values. 
Apart from general studies on Tool Wear behaviour the in 
particular study also done. The contribution of each 
operating parameter with respect to maximum value of 
TWR was analysed and furnished in Table-3. 

 
Table-3. Contribution of process parameters. 

 

 
 

 
 

Figure-8. TWR at pulse on time 8 µs. 

 
 

Figure-9. TWR at pulse on time 8 µs. 
 
 CONCLUSIONS  

The Investigation on machine-ability studies on 
Inconel 800 was carried out successfully. The results are 
analysed. The remarkable results are highlighted below. 

  The average values of 0.27603 g/min of MRR, 
.00255 g/min of TWR and 1.71 µm SR observed for the 
parameters setting 5A of peak current, pulse on time 8 µs 
and pulse off time 4µs. 

The wear ratio (WR) is expressed as the ratio 
between TWR and MRR. The minimum of this ratio is 
economy which was obtained for the setting of 15A of 
Peak Current, Pulse on Time 6 µs and Pulse off Time 5µs 
and the yielded results are 0.25584g/min of MRR, 0.00076 
g/min of TWR and 1.74 µm SR. 
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