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Abstract- Powder mixed electric discharge machining (PMEDM) is a recent innovation of EDM for enhancing its 
capabilities. The objective of present research work is to study the influence of process parameters such as peak current (Ip), 
pulse on time (Ton) and Aluminium powder concentration on machining characteristics of AISI D3 die steel with round 
copper electrode. The machining characteristics are evaluated in terms of material removal rate (MRR), tool wear rate 
(TWR) and surface roughness (SR). It is found that aluminium powder mixed in dielectric fluid significantly affect the 
machining performance.  
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I. INTRODUCTION 
 
Electric discharge machining (EDM) is non 
conventional machining process used for machining 
hard and difficult-to-machine materials such as heat 
treated tool steels, super alloys and carbides etc.  In 
this process a pulse discharge occurs in a small gap 
between the work piece and the electrode and 
removes the unwanted material from the parent metal 
through melting and vaporizing. There is no direct 
contact between electrode and workpiece. Its unique 
feature of using thermal energy to machine 
electrically conductive parts regardless of hardness 
has been its distinctive advantage. It is commonly 
used in mould, die making industry and in 
manufacturing of automotive, aerospace surgical 
components. However, EDM suffers few limitations 
such as low machining efficiency and poor surface 
finish. To overcome these limitations the electrically 
conductive powder particles are mixed in the 
dielectric fluid, which reduces its insulating strength 
and increases the spark gap distance between the tool 
and workpiece. This new hybrid material removal 
process is called Powder mixed EDM (PM-EDM). In 
PM-EDM a suitable metal powders such as 
Aluminium, Copper, Silicon etc. are mixed into the 
dielectric fluid.  When a suitable voltage is applied 
between workpiece and tool, an electric field is 
generated.  The added powder particles fill up the 
spark gap. It increases the spark gap. These high 
electric field energies powder particles. These 
particles act as conductors. These conductive 
particles form chains at different places under 
sparking area, which bridges the gap between tool 
electrode and work piece material. Due to this 
bridging effect, the gap voltage and insulting strength 
of dielectric fluid reduces which facilitates easy short 
circuiting and hence early explosion in the gap 
between tool electrode and work piece material. Due 

to this, series discharges takes place within the gap. 
Due to increase in number of discharging per unit 
time, rapid sparking takes place that causes faster 
erosion from work piece surface. At the same time 
the added powder particles enlarged the plasma 
channel. Due to this, electric density decreases and 
hence uniform distribution of sparking takes place. 
This leads to uniform erosion on work piece which 
results in improvement in surface finish. The 
objective of present research work is to study the 
variation of material removal rate, tool wear rate and 
surface roughness with the variation of process input 
parameters i.e. Peak current, Pulse on time and 
concentration of aluminium powder in the dielectric 
fluid of EDM. 
 
II. LITERATURE REVIEW 
 
Based on the literature review carried out, the 
contribution to the research pertaining to PMEDM is 
as discussed below: 
 
Zhao W.S. et al. Studied the application of powder 
mixed EDM in rough machining. The machining 
efficiency of PMEDM can be highly increased by 
selecting proper discharge parameters (increasing 
peak current and reducing pulse width) with better 
surface finish in comparison with conventional EDM. 
 
Kuang-Yuan Kung et al. Studied the effect of powder 
mixed electrical discharge machining (PMEDM) of 
cobalt-bonded tungsten carbide (WC-Co) on MRR 
and EWR. Powder used: Aluminium, electrode 
material: copper, dielectric fluid: Commercial grade 
mineral oil (EDM-44). Processing parameters such as 
discharge current, pulse on time, grain size, and 
concentration of aluminum powder for the 
machinability evaluation of MRR and EWR were 
considered.  
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Anil Kumar et al. Studied the influence of aluminium 
powder (grain sizes) and concentration on machining 
characteristics of powder mixed EDM of nickel based 
super alloy (Inconel 718) with round copper 
electrode. The machining characteristics are 
evaluated in terms of material removal rate, surface 
roughness and wear ratio. It is found that aluminium 
powder mixed in dielectric medium in EDM 
significantly affect the machining performance. Peak 
material removal rate and minimum surface 
roughness is obtained with 6g/l fine aluminium 
powder grains in dielectric medium. 
 
Gurule N. B. et al. Investigated the potential of 
PMEDM for enhancing material removal rate (MRR) 
of Die steel with rotary tool. Taguchi methodology 
has been adopted to plan and analyze the 
experimental results. Experimental results indicate 
that the current, on time, tool material, tool rpm and 
powder concentration significantly affect MRR.  
Dielectric- kerosene, powder- Aluminium, workpiece 
material- die steel D2. The maximum MRR is 
produced at 4 g/l of Al powder, 900 tool rpm with Cu 
tool. 
 
Khalid Hussain et al. [5] have done the experimental 
investigations on addition of aluminium metal 
powder to dielectric fluid in EDM. The present 
investigation uses distilled water mixed with 
aluminium powder as dielectric fluid. The workpiece 
and electrode materials chosen for the investigation 
were W300 die-steel and electrolytic copper, 
respectively.  
 
Taguchi design of experiments is used to conduct 
experiments by varying the parameters such as peak 
current, pulse on-time, concentration of the powder, 
and polarity. The process performance was measured 
in terms of material removal rate (MRR), electrode 
wear ratio (EWR), average surface roughness (Ra), 
and white layer thickness (WLT). The present work 
on addition of aluminium metal powder in distilled 
water resulted in high MRR, good surface finish, and 
minimum white layer thickness when compared with 
pure distilled water.  
 
Paramjit Singh et al. Studied the effect of aluminium 
powder mixed in the dielectric fluid of EDM on the 
machining characteristics of Hastelloy. 
Concentrations of aluminium powder and grain size 
of powder are taken as process input parameters. 
Material removal rate, tool wear rate, percentage 
Wear Rate, surface roughness are taken as output 
parameters to measure process performance. The 
experimental investigations were carried out using 
copper electrode. Study indicates that both the input 
parameters strongly affect the machining 
performance of Hastelloy. The addition of aluminium 
powder in dielectric fluid increases MRR decreases 
TWR and improves surface finish of Hastelloy. 

Sukhjeet Singh et al. Designed a separate tank for 
better circulation of the powder mixed dielectric in 
which a stirring system is employed. Variations of 
EDM performance outputs, namely, material removal 
rate (MRR) and tool wear rate (TWR) were 
experimentally investigated for various machining 
parameters; peak current, pulse on time, pulse off 
time, electrode lift time, and gap spark time for 
different powder mixed dielectric fluid compositions. 
The machining tests were conducted on ASTM A681 
D3 die steel work piece using copper electrodes with 
Al

2
O

3 
and TiC mixed EDM oil (dielectric) at different 

powder concentrations and pulse time settings. The 
results have shown that the type and concentration of 
the powders mixed into the dielectric and the pulse 
time have a significant effect on the EDM outputs. 
 
III. EXPERIMENTAL DETAILS 

 
Numbers of experiments were carried out on Electric 
Discharge Machine; model smart ZNC. Different 
concentrations of aluminium powder particles were 
suspended in the dielectric fluid (IPOL oil). A stirring 
arrangement was installed in order to obtain even and 
homogeneous distribution of powder. Side jet 
flushing system was employed for removing the 
debris from the gap. Cylindrical electrolytic copper 
tool having 22mm dia. was used. AISI D3 die steel 
was used as a work material. In this experimentation, 
three factors and three levels were selected for study.  
 

 
Figure 1 Electric Discharge Machine 

 

 
Figure 2 Tank & stirrer 
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Table 1. Experimental conditions and process parameters 

 
 
Experimental Design 
The experiments were designed with central 
composite design (CCD) technique. The factorial 
portion of CCD is a full factorial design with three 
factors and three levels and total twenty experiments 
were performed. Measurement of weight of 
workpiece and tool was performed before and after 
each experiment and converted into volumetric 
material removal rates. MRR, TWR and SR were 
evaluated as response variables. 
 
Measurement of MRR 
MRR (mm3/min) = (Work piece weight loss (g)/ 
(Density (g/mm3) × Machining time (min)) 
 
Measurement of TWR 
TWR (mm3/min) = (Tool weight loss (g) / (Density 
(g/mm3) × Machining time (min)) 
The surface roughness (SR) of the workpiece was 
measured in terms of (Ra) by using Mitutoyo Surface 
Roughness Tester. 
 

Table 2. Design layout and experimental results 

 

Results and Discussions 
The objective of this study is to evaluate the effect of 
Peak current, Pulse on time and Powder concentration 
on machining performance such as MRR, TWR and 
SR. A set of experiments were performed by keeping 
gap voltage, duty factor, polarity and flow rate 
constant. 
 
Main effects plots for MRR 
From the main effect plot it is observed that MRR 
increases with the increase in peak current from 
2Amp to 14Amp. Because at higher current stronger 
spark is generated so melting starts earlier which 
results in higher MRR. As pulse on time increases 
from 50µs to 150µs, MRR also increases because 
longer is the pulse duration higher will be the spark 
energy. MRR is directly proportional to the amount 
of energy applied during this on time. Addition of 
aluminium powder in dielectric fluid from 0g/l to 3g/l 
reduces MRR firstly. Beyond this level, MRR 
increases with further increase in powder 
concentration i.e. upto 6g/l.   
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Graph1: Main effects plot for MRR 

 
Main effects plots for TWR 
From the main effect plot it is observed that TWR 
increases with the increase in peak current. TWR 
reduces from 50µs to 100µs and again increases from 
100µs to 150µs levels of pulse on time. As powder 
concentration increases from 0g/l to 6g/l TWR 
reduces which is the favorable condition for the 
process. The reason for this is that the powder 
particles come in the path of ions moving towards 
electrode surface. It reduces the momentum of 
striking ions with electrode surface. The ions with 
low energy strike the electrode and hence erode less 
material from electrode.  
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Graph 2: Main effects plot for TWR 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,    Volume- 2, Issue-8, Aug.-2014 

Effect of Aluminium Powder Mixed EDM on Machining Characteristics of Die Steel (AISI D3) 
 

28 

Main effects plots for SR 
From the main effect plot it is observed that SR 
increases with the increase in peak current from 
2Amp to 14Amp. As pulse on time increases from 
50µs to 100µs SR increases and beyond this level SR 
reduces upto 150 µs. Surface roughness’s lower down 
by suspending aluminium powder in dielectric fluid. 
The slope of the curve indicates the rate of decrease 
of surface roughness. This improvement in surface 
quality is due to the reason that added powder 
particles enlarges and widens the discharge passage 
which facilitates easy evacuation of produced debris 
from the spark gap. The powder particles lead to 
uniform dispersion of discharge energy in all 
directions. This results in reduction of surface 
roughness.  
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Graph 3: Main effects plot for SR 

 
CONCLUSION 
 
In present work, an addition of aluminium powder 
mixed in dielectric resulted in high MRR, good 
surface finish when compared with pure dielectric. 
Both MRR and TWR apparently increase with the 
increase of the peak current and pulse on time. The 
result obtained from the present study is extremely 
helpful for selecting the optimum machining 
conditions for AISI D3die-steel work material, which 
is extensively used in moulds and dies making 
industries. Within the range of parameters selected 
the following specific conclusions are drawn from the 
experimental results. 
 

1. Maximum MRR is obtained at a high peak 
current of 14Amp, higher Ton of 150µs, and 
high concentration of Al powder 6g/l. 

2. Low TWR is achieved with low peak current of 
2Amp, lower Ton of 50µs and higher 
concentration of Al powder of 6 g/l. 
 

3. Low surface roughness is achieved with a low 
peak current of 2Amp, a higher Ton of 150 µs 
and higher concentration of Al powder of 6g/l.  

 
ACKNOWLEDGMENT 
 
The authors would like to sincerely express their 
gratitude for the support of Department of Mechanical 
Engineering, Rajarambapu Institute of Technology, 
Rajaramnagar, India  
 
REFERENCES 
 

[1] Zhao W.S., Meng Q.G., Wang Z.L., “The application of 
research on powder mixed EDM in rough machining.” 
Journal of Materials Processing Technology, Volume 129, 
2002, pp. 30-33. 

 
[2] Kuang-Yuan Kung & Jenn-Tsong Horng & Ko-Ta Chiang, 

“Material removal rate and electrode wear ratio study on the 
powder mixed electrical discharge machining of cobalt-
bonded tungsten carbide”, Int J Adv Manuf Technol (2009)  

 
[3] Anil Kumar, Sachin Maheshwari,  Chitra Sharma & Naveen 

Beri, “Effect of Aluminium Powder Characteristics in 
Additive Electric Discharge Machining  of Nickel Based 
Super Alloy Inconel 718”, ( 2010) 

[4] Gurule N. B. , Nandurkar K. N., “Effect of Tool Rotation on 
Material Removal Rate during Powder Mixed Electric 
Discharge Machining of Die Steel”, International Journal of 
Emerging Technology and Advanced Engineering (ISSN 
2250-2459, Volume 2, Issue 8, August 2012) 
 

[5] Khalid Hussain Syed, Kuppan Palaniyandi, “Performance of 
electrical discharge machining using aluminium powder 
suspended distilled water”, Turkish J. Eng. Env. Sci.2012 

 
[6] Paramjit Singh, Anil Kumar, Naveen Beri, Vijay Kumar, 

“Some Experimental investigation on aluminum powder 
mixed EDM on machining performance of hastelloy steel”, 
International Journal of Advanced Engineering Technology 
E-ISSN 0976-3945, Vol.I 

 
[7] Sukhjeet Singh ,Harpreet Singh , Jasbir Singh and Rakesh 

Bhatia , “Effect of Composition of Powder Mixed Dielectric 
Fluid on Performance of Electric Discharge Machining”, 
International Journal of Materials Science and Engineering, 
Vol 2, No. 1-2, 

 
 
 
 
 

 


