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Introduction  
Various  aerospace  components  made  of  special  super  alloys  are  working  under hostile  

service  conditions.  These  components  have  small-size  cooling  holes produced by EDM process [1]. 
In this process, a small gap is maintained between a work  piece  and  an  electrode  while  the  
machining  takes  place  due  to  high-voltage sparks  causing  the  removal  of  small  particles  away  
from  the  work  piece.  Special tubular electrodes are used through which dielectric fluid is continuously 
flowing [2]. Certain  parameters  in  EDM  process  directly  influence  the process  outputs.  Setting 
appropriate values for such parameters requires the implementation of many drilling trials.  This  leads  
to  time  consuming  and  expensive  experimental  work.  Response Surface Methodology (RSM) has 
been used for modeling EDM drilling of various size holes  on  many  materials  using  different  
electrodes  [1,  3-6].  RSM  is  employed  to represent  relationships  between  inputs  and  pertinent  
outputs  based  on  minimum number  of  experiments.  This  paper  presents  a  mathematical  modeling  
of  EDM drilling of Ø2 mm holes on Inconel 718 using RSM approach.
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Abstract

This paper reports an experimental investigation of EDM drilling of Ø2 mm holes on Inconel  718  
using  brass  electrode.  The  effect  of  process  parameters  (discharge current,  pulse  on  and  off  times,  and  
capacitance)  on  process  outputs  (material removal rate and electrode wear rate) was determined based on 
minimum number of experiments. The mathematical modeling of process has been done using response surface  
methodology.  The  results  show  that  the  developed  model  can  achieve reliable prediction of experimental 
results within acceptable accuracy. 
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Experimental Setup 
The  experiments  were  performed  on  IN718  test  pieces  (6 mm  x  11  mm  x  35  mm) using  

JS-EDM  AD-20  hole  drilling  EDM  machine.  Table  2 presents  the  machining conditions for 
drilling Ø2 mm holes with a depth of 11 mm. 

Measurement Procedure 
The drilling time was recorded using an electronic timer. The test piece was weighed before  and  

after  drilling  operation  using  a  digital precision  scale.  Material  Removal Rate (MRR) for each 
experiment was calculated by the following formula: 

Electrode  Wear  Rate  (EWR)  was  determined  according  to  the  depth  of  drilled  hole and the 
amount of electrode consumption (i.e. the variation in electrode length):

Design of Experiments 
Design  of  Experiments  (DOE)  is  a  method  to  obtain  useful  information  about  a process  

by  conducting  only  minimum  number  of  experiments  [7].  Each  controllable variable (I, ton, t, off, 
C) can be set on EDM machine at five consecutive levels from 1 to 5, and hence the design consisting of 
31 experiments based on Central Composite Design  (CCD)  was  generated  at  these  levels  using  
Minitab® statistical  software. Other factors given in Table 2 were kept constant. Table 3 shows the 
design matrix with  experimental  and  predicted  results.  MRR  and  EWR  values  can  be  predicted 
within error range of ± 16% (except experiment no. 29) and ± 19%, respectively.
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Experimental  and  predicted  results  for  MRR  and  EWR  are  compared  in  Figure  1. The  
adequacy  of  generated  model  is  measured  based  on  Analysis  of  Variance(ANOVA).  The 
determination  coefficient  (R2)  defines  a measure of the degree of fit between actual and predicted 
data. Higher value of R2 exhibits better fit. The model has produced R2 values of 85.5% and 72.7% for 
MRR and EWR, respectively.

Comparison of experimental and predicted values for MRR and EWR.

Reproducibility Analysis 
Reproducibility  is  a  measure  of  efficiency  of  experiments  performed  at  identical 

machining conditions. In order to check reproducibility, seven replicated experiments were performed 
as given in Table 4. The results reveal that MRR and EWR can be reproduced within the range of ±10% 
and ±16%, respectively.

CONCLUSIONS 
The following conclusions can be derived based on the obtained results: 
1.  Experimental  values  of  MRR  and  EWR  can  satisfactorily  be  predicted  using  the developed 
model by performing minimum number of experiments. 
2.  Reproducibility  analysis  and  R2 values  prove  that  consistent  and  reliable  results can be 
achieved within acceptable error ranges. 
3.  Mathematical  modeling  of  EDM  hole  drilling  process  using  RSM  technique  can enable  the  
prediction  of  MRR  and  EWR  values  without  performing  unnecessary experiments.  This  leads  to  
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considerable  savings  on  time,  material  and  effort which results in efficient, sustainable and 
economical production.
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