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Abstract— This paper provides study of dispersion of 

nanoparticles, which is distributed uniformly in dielectric 

fluid used in EDM. The sample concentration of 

nanoparticles was studied for solution stability. Sample 

stability was also compared using different stabilizing agent. 

The Experimentally determined tri-biological performance 

for stabilized nanofluids was investigated. The stabilized 

nanofluids was tested for enhanced thermal properties and 

mixed in non- convention machining process to manufacture 

intricate profiles, complex cavities in dies and molds that are 

extremely difficult to machine by conventional machining. 

This article presents a review of ongoing research and 

development in NPMEDM. EDM is a machining process, the 

metal which is hard and difficult to machine materials like 

inter-metallic materials and composites. Spark erosion in 

EDM creates a small hole in a piece of materials which is not 

contact between electrode and work piece. Electrode and Die 

steel which is electrically conductive. And investigate the 

potential of NPMEDM for enhancing Material removal rate 

(MRR), Surface Roughness (SR)/ Surface finish (SF), Tool 

Wear Rate (TWR)/ Electrode Wear Rate (EWR) etc., 

Optimization Methods used are Taguchi method, Response 

surface methodology. 
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I. INTRODUCTION 

EDM is a non- traditional, no physical cutting forces between 

the tool and the work piece, high precision of metal removal 

rate process using thermal energy by generating a spark 

erosion between electrode and workpiece. This process 

mainly found within aerospace, production engineering, 

motor sport, medical and scientific industries. 

In this process, a suitable fine powder form 

(aluminum, chromium, graphite, copper, silicon carbide, etc.) 

is mixed in dielectric fluid of EDM. In between spark gap 

additive particles is filled and powder is added significantly 

which affects the performance of EDM process. The powder 

is electrically conductive which reduces the insulating 

strength of dielectric fluid and increases the spark gap 

distance between tool electrode and work piece. The work 

piece must be conductive electrical material which is 

submerged into the dielectric fluid for better erosion. This 

process become more stable and also improving MRR and 

SF. 

A. Major components of PMEDM 

 Electrode: Determines the shape of cavity to be produce. 

 Power supply: Transforms alternating current from main 

utility supply to direct current which produce the spark 

discharge at the machining gap. 

 Machining tank: It is a transparent bath- like container 

and it is placed in EDM where machining is performed 

in this container. 

 Tool holder: Which hold tool during the process of 

machining. 

 Servo system: It provide to maintain pre-determined gap. 

It senses the gap voltage and compares it with present 

value 

 Which control the movement of servo motor to adjust the 

gap. 

 Circulating pump: It circulates the powder to mix in 

dielectric. 

B. Principle of PMEDM 

The principle of NPMEDM, the materials in powder form is 

mixed into dielectric fluid either in same tank or in separate 

tank. Voltage is applied is 80-320V to both electrodes and 

electrical rang of 105 to 107 V/m is created. In the spark gap 

additives particles is filled, distance between electrode and 

work piece increases from 25µm to 50µm. The powder 

particles energized and behave in zig zag fashion. Under 

influences of electric forces, powder particles arrange 

themselves in the form of chains under sparking area. The 

chain formation helps in bridging the gap between bot the 

electrodes. Increase the frequency, the faster sparking within 

discharge takes places, it causes faster erosion from work 

piece surface. This results in improvement in surface finish. 

C. Selection of Dielectric 

Dielectric should be oxygen free machining environment 

because it gives poor finish, avoid layer formation on work 

surface, should have strong dielectric resistance. Some of the 

major types of dielectric fluids: 

 Kerosene 

 EDM oils 

 Synthetic oil 

 Transformer oil 

 Mineral oils 

 
Fig. 1: Principle of PDMEDM process 

D. Functions of a Dielectric fluid 

Dielectric act as a medium which is electrically discharges, 

and cools the section where heat is effected by the discharge. 
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It provides insulation between the electrode and the work 

piece. It flushes the erode particles which is present in the 

machining gap. Dielectric act as heat transfer medium to 

absorb where heat is generated by the discharges from both 

electrode and the work piece.  

II. MAJOR PARAMETERS, ADVANTAGES, DISADVANTAGES 

AND LIMITATIONS OF PMEDM 

A. Response Variables 

These variables which measure the various process 

performance of EDM results. 

 MRR 

 TWR 

 Surface quality 

 Surface roughness. 

1) Types of powders used 

Aluminum, silicon, graphite, chromium, Aluminum oxide, 

Silicon Carbide. 

B. Process Parameters 

These parameters are input factors that decide conditions in 

which machining is carried out. These process parameters are 

used in performance results. 

 Powder based parameters: Powder size, type of powder, 

Powder concentration, Powder density, Powder 

conductivity. 

 Non-Electrical Parameters: Working time, Type of 

dielectric, Nozzle flushing, Gain, Electrode lift time. 

 Electrical parameters: Peak current, Gap voltage, 

Average current, Pulse-on time, Pulse-off time, Duty 

factors, Polarity, Electrode Gap, Pulse waveform, Pulse 

frequency, Discharge voltage. 

C. Future scope of work 

Future study of EDM process may evaluate the following 

aspect  

 In EDM process, copper electrode is not only a single 

electrode to use In EDM machining but also have other 

electrodes like brass, graphite, copper tungsten, tungsten 

carbide. 

 Only four machine parameters are used in EDM 

machining (pulse-on time, pulse-off time, current, 

voltage). 

 But also we have other parameters in this study namely 

electrical parameters, powder based parameters, non-

electrical parameters, electrode based parameters. 

 In this study, EDM machining is non-conventional 

machining process for optimization but also other no 

conventional process like ECM, AJM, USM, PAM, etc., 

D. Advantages 

1) While in hardness process work piece doesn’t affect the 

final dimensions. 

2) Electrical conductive material can be machined, 

regardless of its hardness, strength, toughness etc., 

3) Finishing operations like grinding are generally 

eliminated. 

4) PMEDM process is totally burring free. 

5) Surface finish and high degree of accuracy is obtained 

from hard materials. 

6) No physical contact between electrode and work piece. 

E. Limitations  

1) Electrode wear is costly when it is fast in work. 

2) Errors can’t be detected while the process is going on. 

3) Only electrical conductive materials can be machined. 

III. LITERATURE REVIEW 

R.A.prajapati et al (2015) [1] experimented on SiO2 powder 

mixing into a dielectric fluid of EDM on machining 

characteristics of EN-8. Three input parameters are involved 

in this study namely peak current, pulse-on time and 

concentration of powder. En-8 is used as a work piece, copper 

is used as an electrode, kerosene as a dielectric with the 

presence of SiO2 in EDM. The analysis was carried out for 

surface roughness which gives better experimental results 

with zero concentration of rather than PMEDM. Based on 

literature survey for better surface finish can be obtained at 

peak current(9A), powder concentration(0g/l), pulse-on 

time(25µm). 

Satpal Kundu, Surender Kumar, Ravinder 

Chaudhary et al. (2014)[2] carried out a study of MRR on 

H13 die tool steel by using EDM and Taguchi technique is 

used. With this procedure results are obtained as follows: 

when pulse-on time and current increases, MRR increases 

and when increase in feed rate value, MRR decreases. 

C. Mathalai Sundaram, R. Siva Subramanian et 

al.(2013) [3] carried out a study of on machining process 

parameters of EDM on aluminium and copper as a tool 

electrode, OHNS steel used as a work piece which is non-

shrinking die steel and oil hardening. From this investigation 

observed that current increases MRR and EWR increases.  

Kamajit Singh, C S Kalra et al.(2013) [4] OHNS die 

steel is used for EDM process in input parameters were 

choosen as peak current, pulse-on time, voltage gap and 

flushing pressure. Taguchi and ANOVA methods are used in 

this process for optimization. The results are observed that 

large effect current on MRR and large effect of flushing 

pressure on hardness of die steel. 

H.K.Kansa, Sehijpal Singh, Pradeep Kumar et 

al.(2007) [5] study on effect on silicon powder mixed in 

kerosene as a dielectric fluid in EDM. Copper (25 dia) as a 

tool electrode, AISI D2 die steel as a work piece which is used 

in EDM. There are six parameters namely peak current (16A), 

pulse-on time (100µs), pulse-off time (15µs), concentration 

of powder (4 g/l), gain (0.83 mm/s) and nozzle flushing. 

Taguchi method is used for optimization, ANOVA is used for 

peak current and powder concentration towards MR is 

maximum.  

Reza, M.S, Azmir et al (2011) [6] effect of machine 

polarity of AISI P20 GRADE 1.2738 alloy steel using a 

copper electrode by DOE using L18 orthogonal array. The 

positive polarity gives TWR, MRR and SR with optimal 

results. 

Shivam Goyal, Rakesh Kumar Singh (2014) [7] has 

been studied effect of aluminum powder mixed with EDM oil 

influencing on the surface finish and MRR. AISI 1045 act as 

an work piece and copper act as an electrode in EDM 

machining. The result of this study, with increasing 

concentration of aluminum powder and grain size, MRR and 

SR decreases. 

M.A Razak, A.M.Abdul Rani and A.M. Nanimina 

(2014) [8] has been studied effect on silicon powder using 

graphite and copper electrode, stavax as a work piece which 
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influences the PMEDM machining. Seven experiments are 

conducted based on taguchi orthogonal array with three level 

and two factors. The parameters are used in the study are 

powder concentration and grain size of powder. They found 

the results of the study, increase of MRR, improve SF, reduce 

TWR, reduce machining time and cost. 

Chow et al (2008) [9] proposed the use of SiC 

powder having a size of 3µm -5µm is mixed in water which 

act as a dielectric in EDM machining of titanium alloys and 

addition of SiC powder enlarge the gap of electrode and work 

piece, therefore MRR increases 

Wong et al. (1998) [10] studied the mirror finish 

phenomenon in EDM, using Al powder at concentration 2 g/l 

in dielectric fluid which influences the SKH-51 work piece. 

Abhishek Abrol et al (2015) [11] studied the effect 

of chromium powder dielectric fluid on machining of AISI 

D2 die steel has been studied. The process parameters are 

pulse-on time, pulse-off time, peak current, concentration of 

powder. The performance is measured in terms of MRR, 

TWR, SR. the experiment was undertaken using a taguchi 

method. With the increase in current, TWR increases and 

with the increase in pulse-off time, SR increases. With the 

increase in current and pulse-on time, MRR increases. It is 

also observed that concentration of chromium powder 

increases, MRR and TWR decreases.  

Kuldeep Ojha et al (2011) [12] have studied effect 

of chromium powder added into dielectric fluid of EDM were 

chosen as a process parameter to study the powder mixed 

electrical discharge machining of EN-8 steel in terms of MRR 

and TWR. The method used to analyse the experiments is 

response surface methodology (RSM). 

Tan et al.(2008) [13] investigated the Effect of 

nanopowder additives on SR. SR decreases on usage of 

Al2O3 and Silicon carbide nanopowders during the micro-

EDM of stainless steel. 

W.S. Zhao et al (2002) [14] have studied to improve 

the surface roughness and rough machining. EDM machining 

has divided into two methods: rough machining and surface 

machining. Surface finishing requires high surface quality, 

and roughness machining requires high machining efficiency 

which is obtained from PMEDM. 

Powder type Author/Year Response Variables 
Dielectric 

Used 

Optimization 

techniques used 

Aluminum 

powder 

Gurtej singh, paramjit sighn, 

Gaurav Tejpal,[2012] 
Surface roughness EDM oil Taguchi Method 

Aluminum 

powder 

M.M. Jamadar, M.V. 

Kavade[2014] 
MRR,TWR,SR IPOL oil 

Response Surface 

Methodology(RSM) 

Aluminum 

powder 

Shivam Goyal, Rakesh Kumar 

Singh[2014] 

Surface finish, Machining 

Efficiency 
EDM oil Taguchi Method 

Aluminum 

powder 

Paramjit singh, Anil kumar, 

Naveen Beri, Vijay kumar[2012] 
MRR, TWR, SR, %WR EDM oil - 

Table 1: Improving and Optimization performance of PMEDM

IV. CONCLUSION 

The present review paper gives a study on PMEDM and also 

used optimizing techniques purpose, mostly Taguchi 

methods. But also some other techniques such as Response 

surface methodology. In EDM, PMDEM plays very 

important role which gives better results in machining 

process like MRR, SR, & TWR. By research review papers, 

it seen that, work is done on various types of work piece and 

it is very difficult to be machined by the traditional machining 

process. It can be machined by non-traditional machining 

process like EDM. 
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