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ABSTRACT 

The electric discharge machining (EDM) is an un-

conventional machining process. It is extensively used to 

generate complex profiles on electrically conductive 

materials having high temperature resistance and high 

strength. Due to its wide applicability in manufacturing 

industries, EDM has become the most popular machining 

process after conventional machining processes such as 

turning, milling and drilling, etc. Despite several advantages, 

EDM process suffers from some limitations such as low 

material removal rate (MRR), high tool wear rate (TWR) and 

poor surface integrity in some cases. In past, several attempts 

have been made to overcome these limitations by augmenting 

EDM with techniques such as electrode rotation, ultrasonic 

vibrations and suspensions of powders into the dielectric 

fluid. Although these techniques are excellent from research 

perspective, but in practice, are applicable only for fewer 

applications. Another limitation in EDM process is its 

possible environmental pollution causing characteristic. 

During EDM process, material removal is a consequent of 

thermal energy produced by series of discrete electrical 

sparks occurring between tool and work electrodes which are 

immersed in a dielectric medium mostly hydrocarbon oils. 

These oils produce serious toxic fumes causing health 

hazard to the machine operator and environmental pollution. 

To overcome these limitations of EDM process, dry and 

near-dry variants of EDM were introduced. Dry EDM 

process utilizes a pressurized gaseous medium as a dielectric 

whereas, near-dry EDM process uses a combination of liquid 

and gas as a dielectric medium and are environmentally 

friendly.  

Near-dry electric discharge machining (EDM) and dry EDM 

are the process variants of the EDM process. This project 

reveals comparative study and optimum method between 

near-dry and dry EDM process to achieve the high material 

removal rate (MRR) and low tool wear rate (TWR).Two-

phase dielectric (liquid and air) was utilized in near-dry 

EDM while  

only air was used in dry EDM. L27 orthogonal array was 

used to determine the effect of pulse current, voltage, pulse 

on time, pulse off time and pressure on MRR and TWR in 

near-dry and dry EDM. 

Keywords: EDM, Taguchi, Analysis of variance, Pulse on 

time, Pulse of time, Grey relational analysis, Dry EDM, Near 

dry EDM, Electrical discharge machining, Graphite, Spring 

steel. 

 

1. INTRODUCTION 

An Engineer is always focused towards challenges of bringing 

ideas and concepts to life. Therefore, sophisticated machines 

and modern techniques have to be constantly developed and 

implemented for economical manufacturing of products. At 

the same time, we should take care that there has been no 

compromise made with quality and accuracy. 

Electrical discharge machining (EDM) has become a well-

known non-conventional machining process because of its 

widely application in die making industries, aerospace and 

surgical equipment manufacturing industries. It is widely used 

in aerospace industries.EDM process is based on removing 

material from a part by means of a series of repeated electrical 

discharges between tool called the electrode and the work 

piece in the presence of a dielectric fluid. The material is 

removed with the erosive effect of the electrical discharge 

from tool and work piece. EDM also has the advantage of 

being able to machine difficult-to-cut material like Titanium, 

Spring steel etc. However, its low machining efficiency, 

higher tool wear rate (TWR), poor surface finish and 

environmental pollution constrained its further applications. 

The EDM process utilizes hydrocarbon oils as dielectric 

medium. This dielectric medium results in serious toxic fumes 

and pose a health hazard to machine operator. 

Near-dry and dry EDM are the process variants of the EDM 

process. Both are the environmental friendly process. These 

processes do not produce toxic fumes and consequent health 

hazards. Near-dry utilizes liquid- air mixture as dielectric 
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medium and dry EDM uses high velocity air or gases as 

dielectric medium through a tubular electrode. In this 

comparative study near-dry and dry EDM were investigated to 

analyze the effect of current, pulse on time, pulse off time and 

gap control on MRR and TWR. Taguchi’s L27 orthogonal 

array was used for design of experimentation. 

2. LITERATURE SURVEY 

Present Theories & Practices: 

The following researchers have worked on near dry EDM by 

taking material removal rate and tool wear rate as a response 

variable: 

C.C. Kao.et al. [1] has studied near dry EDM experimental 

setup and procedures are presented first in this paper. The 

MRR envelopes in near dry wire EDM are compared with 

those in wet and dry wire EDM. The groove width and debris 

deposition are examined and compared. The MRR and gap 

width in EDM drilling are investigated. Finally, a 

mathematical model and experimental validation of gap 

distance are presented. In this study, MRR envelopes of near 

dry wire EDM at two flow rates were compared with those of 

wet and dry. 

Albert J. Shih. [2] has studied high MRR near-dry EDM 

milling processes. Oxygen demonstrated the capability to 

promote MRR and exothermal oxidation in near-dry EDM. 

Near-dry EDM was proven beneficial for the finishing 

operation. Liquid phase dispersed in the gas medium is 

hypothesized to enhance the electric field and thus results in a 

large discharge gap distance and a stable discharge at low 

energy input. Nitrogen and helium gases could prevent the 

electrolysis and yield better surface finish in near-dry EDM. 

Reducing the discharge energy input by reducing ie, reducing 

ti, and increasing t0 is the key to further reduce the surface 

finish in near-dry finishing EDM. 

V. P. Astakhov. [3] has studied manufacturing system are 

suitable for this technology and if there is clear understanding 

of the essence, particularities and limitation of the technology. 

This understanding should stem not from sales pitches by 

NDM equipment manufacturers and reports by 

environmentally concerned enthusiastic amateur groups, but 

rather from an all-round analysis of all the components of the 

machining system in terms of their suitability for NDM. One 

should clearly realize this truth: at the present stage of 

development, NDM can substitute for flood and high-pressure 

MWF supply only in particularly special cases. From the steps 

that must be taken to implement NDM, it is apparent that, to 

make this technology reliable, environmentally friendly and 

cost efficient, the whole picture has to be considered. To do 

this, a certain qualification and system thinking of a 

responsible manager/specialist are prerequisites. Ideally, the 

part to be machined, the machine tool and cutting tools should 

be designed specifically for NDM. 

Masahiro Fujiki et al. [4] has studied Electrode tool path 

planning strategy, including the engaging method, edge 

machining, curvature machining, and path interval to improve 

the MRR for five-axis near-dry EDM milling was presented. 

Each strategy was experimentally validated on the MRR. To 

maximize MRR, mist flow rate through MDR is the first 

priority to plan a path for five-axis near-dry EDM milling, 

rather than minimization tool path length, which is prioritized 

in conventional milling. The electrode tip must remain below 

the work piece surface when lead angle is used and the 

electrode hole must not be exposed to the open atmosphere. 

This maximizes mist flow rate through MDR and results in 

maximum MRR. 

Jagdeep Sharma [5]  has studied Near dry machining is a 

technique that could reduce many problems coming from high 

consumptions of petroleum based lubricant, like high 

machining costs or environmental and worker health 

problems. Therefore, it is important to know all advantages 

and limits of this technique. The results from experimental 

tests are summarized here. It can thus be concluded that the 

use of cutting fluid at minute amounts can potentially improve 

the surface integrity. Surface finishes also improved mainly 

due to reduction of cutting temperatures and damage at the 

tool-tip by the application of near dry machining. As the 

results indicate the cutting temperature are decreased by 

almost 50% by the use near dry machining. 

Mane S.G. [6] has studied The MRR, TWR and SR in near 

dry EDM process are mainly affected by the discharge current 

and electrode material.  Copper-tungsten electrode material 

exhibited lower SR and low TWR than that of the copper 

electrode but higher MRR was obtained with copper electrode.  

Increase in the discharge current leads to an increase in the 

MRR but deteriorating the surface finish (higher SR 

values).However, an increase in discharge current initially 

increases the TWR but at higher discharge currents TWR was 

found to be decreasing. The process parameters cycle time and 

duty factor were found to be insignificant to affect the selected 

responses under study viz. MRR, TWR, and. SR. Air pressure 

was found to be significant to affect only SR. Higher material 

removal rate (MRR) can be achieved with high discharge 

current and high gap voltage with copper electrode. 

The following researchers have worked on dry EDM by taking 

material removal rate and tool wear rate as a response 

variable: 

Kunieda and Yoshida [7]  has studied In 1996 the feasibility 

of using air as the dielectric medium was first demonstrated by 

Kunieda and Yoshida They have steel as a work piece, copper 

as tool electrode and compressed air as a dielectric. They 

found that the material removal rate is much higher when the 

polarity of the tool electrode is negative compared with the 

case in which the polarity of the tool electrode is positive. In 

contrast, in the case of EDM in a liquid, there is higher 

material removal rate when the polarity of the tool electrode is 

positive. Therefore, machining characteristics were compared 

between EDM in air with a negative tool electrode and EDM 

in oil with a positive tool electrode. Then they used oxygen as 

a dielectric then they found the material removal rate was 

doubled. They conclude that the material removal rate is 

improved as the concentration of oxygen in air is increased 

due to heat generation caused by oxidation of the electrode 

materials 

Kunieda et al. [8] have used a piezoelectric actuator to 

improve the dry EDM characteristics by controlling the 

discharge gap distance. They have used copper as tool 

electrode, carbon steel as a work piece and compressed air as 

dielectric. They found that with increasing gain of the driver 

for the piezoelectric actuator, the probability of short circuiting 

decreases, resulting in considerable increase of the material 

removal rate.  

Kunieda and Furudate [9] have worked on high precision 

finish cutting by dry WEDM in 2001. In their experiment, they 

worked on flat surface of carbon steel or tool steel was finish-

cut by conventional and dry-WEDM. They conclude that 

MMR of dry WEDM is considerably lower than that of 
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conventional WEDM and this is because of frequent 

occurrence of short circuiting due to narrower gap length in 

dry WEDM causes unfavourable repetition of the turning back 

and forth of the wire electrode in the feed direction. From the 

experiments it was also found that increasing the wire winding 

speed and decreasing the depth of cut could lead to an 

improvement in MRR and waviness. 

Govindan and Joshi [10] have worked on experimental 

characterization of material removal in dry electrical discharge 

drilling. They have used copper as tool electrode, steel as work 

piece material and oxygen as a medium. All the experiments 

were performed in a ‘quasi-explosion’ mode by controlling 

pulse ‘off-time’ so as to maximize the material removal rate 

(MRR).From their experiments it was observed that MMR 

increases with increase in spark energy, MMR decreases with 

increase in voltage, MMR increases as increase in rotational 

speed. The study also analyzed erosion characteristics of a 

single- discharge in the dry EDM process in relation to the 

conventional liquid dielectric EDM. It was observed that at low 

discharge energies, single-discharge in dry EDM could give 

larger MRR and crater radius as compared to that of the 

conventional liquid dielectric EDM 

3. HARDWARE DETAILS 

Schematic Diagram 

 

 

 

 

 

 

 

 

Fig. schematic diagram of EDM Setup 

Working Principle 

Dry electric discharge machining (dry EDM) is a modification 

of the oil EDM process in which the liquid dielectric is 

replaced by a gaseous dielectric. High velocity gas flowing 

through the tool electrode into the inter-electrode gap 

substitutes the liquid dielectric. The flow of high velocity gas 

into the gap facilitates removal of debris and prevents 

excessive heating of the tool and work piece at the discharge 

spots. Providing rotation or planetary motion to the tool has 

been found to be essential for maintaining the stability of the 

dry EDM process. 

4. EXPERIMENTAL WORK  

This chapter focused on overall experimental setup and work. 

Also, it includes methodology used for dissertation work. The 

details of trial experimental work and final experimental work 

are mentioned in this chapter.  

DESIGN OF EXPERIMENT (DOE) 

In this dissertation work, experimentation is performed 

according to design of experiments. Design of experiment is 

used to manipulate the conditions of the experiment and can 

control the factors that are irrelevant to the research objectives. 

Also, it is process of planning to meet specified objectives. 

The details of design of experiment are discussed below. 

 

Taguchi method-based design of experiments 

Among the available methods, Taguchi design is one of the 

most powerful DoE methods for analyzing of experiments. It 

is widely recognized in many fields particularly in 

development of new products and processes in quality control.  

Taguchi method- based design of experiments involved 

following steps. 

The details regarding Taguchi method- based design and its 

steps are given below: 

Selection of the response variables 

In any process, the response variables need to be chosen so 

that they provide useful information about the performance of 

the process under study. The response variables chosen for 

study are material removal rate (MRR) & tool wear rate 

(TWR)  

Selection of the process parameters and their levels- 

The process parameters can be divided in to two categories i.e. 

electrical and non-electrical parameters .Major electrical 

parameters are discharge voltage, peak current, pulse duration, 

pulse interval and electrode gap. Non electrical EDM process 

parameters such as dielectric fluid, fluid flow rate and 

electrode rotation. Due to limitations of machine we are 

selected only three parameters such as current, cycle time and 

dielectric pressure. 

MATERIAL & DIELECRIC MEDIUM SELECTION 

Selection of material for tool of EDM 

Materials selected –Graphite 

Graphite is produced with a wide range of material 

characteristics in order to allow matching the electrode 

material properties to the EDM application. 

Copper does not have the ability to handle current density as 

effectively as graphite, which performs exceptionally well at a 

high current density even with complex geometry, allowing 

for various intricate machined details to be designed on the 

same electrode. The result is that the number of electrodes 

required to perform a job is significantly reduced. 

EDM operators know that excessive wear results in the use of 

extra electrodes or frequent redressing. Graphite is able to 

achieve electrode wear of less than 1% in relation to the depth 

of cut, while working to more aggressive machine parameters. 

This means, unlike copper, the high amperage and longer on-

times actually preserve the graphite electrode 

Chemical Formula: C 

Composition: Carbon 

Colour: Silver-gray to black 

Tenacity: Brittle; thin flakes are flexible 

Other Marks: 1) Has a greasy feel. 

2) Smudges the hands when touched. 

3) Good conductor of electricity (though a poor conductor of 

heat) 

Striking Features: Low weight, greasy feel, smudge, and low 

hardness. 

 

 Selection of material for work piece 

Materials selected – Spring Steel 

All stainless steels have a high resistance to corrosion. Low 

alloyed grades resist corrosion in atmospheric conditions; 

highly alloyed grades can resist corrosion in most acids, 

alkaline solutions, and chloride bearing environments, even at 

elevated temperatures and pressures. Some grades will resist 

scaling and maintain high strength at very high temperatures, 
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while others show exceptional toughness at cryogenic 

temperatures. The majority of stainless steels can be cut, 

welded, formed, machined and fabricated readily. The cold 

work hardening properties of many stainless steels can be used 

in design to reduce material thicknesses and reduce weight and 

costs. Other stainless steels may be heat treated to make very 

high strength components. Stainless steel is available in many 

surface finishes. It is easily and simply maintained resulting in 

a high quality, pleasing appearance. 

The clean ability of stainless steel makes it the first choice in 

hospitals, kitchens, food and pharmaceutical processing 

facilities. Stainless steel is a durable, low maintenance 

material and is often the least expensive choice in a life cycle 

cost comparison. 

 

Selection of Dielectric medium 

•Gas selected- Compressed air 

•Liquid selected- Distilled water 

Compressed air is selected because of following properties 

•Naturally available.  

•No chances of explosion. 

•It has low cost compared to other gas.  

 

Distilled water is selected because of following properties 

•Distilled water is non toxic 

•Colour of distilled should not be affected by Hydro       

Sulphuric acid  

•It works as a coolant  

•Boiling point =100c. 

5. EXPERIMENTAL SETUP 

 

 

 
Figure: Setup of Near dry & dryEDM 

 

Figure shows experimental setup of Dry and Near dry EDM. 

The experimental setup consists of oil EDM, Compressor, 

MQL and Graphite electrode. The Compressed air has passed 

through hose via MQL to the electrode and dielectric medium  

(compressed air & destilled water) blowed on the workpiece. 

The pressure of the dielectric medium can be vary by using 

MQL regulator. The electrode has fitted to tool holder with 

connector. 

 

6. OBSERVATION 

Observation Table- 

Table no.1 
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Table No.2 

 
Table No.3 

 
 

7. RESULTS AND ANALYSIS 
 

Dry EDM Process: 

 

Based on the experimental work, the final experiment was 

performed on stainless steel as a work piece and copper as a 

electrode material. Material removal rates (MRR) and Tool 

wear rate (TWR) were measured as per methodology 

described. The results and analysis obtained by performing 

experiment are given as follows. The photograph shows the 

machining (drilling) of spring steel plate of 1 mm by using dry 

EDM process as per L27 orthogonal array. The drills are 

arranged as per array and numbering is given to them. 

 

 
 

Figure: Drills as per L27 orthogonal array by Dry EDM. 

 

EXPERIMENTAL RESULTS FOR L27 ORTHOGONAL 

ARRAY 

 

Table shows the results for material removal rate and tool 

wear rate by varying current, cycle time and dielectric pressure 

as per L27 orthogonal array. 
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ANOVA FOR MATERIAL REMOVAL RATE (MRR) : 

 

ANOVA for MRR has given in the Table below. From 

ANOVA table we found that, cycle time is most significant 

parameter for the higher material removal rate at 99% 

confidence level. We can say that current also a significant 

parameter for higher material removal rate at 80% confidence 

level. The remaining parameter, dielectric pressure (oxygen 

gas pressure) is non-significant parameter for material removal 

rate. 

 

Graph gives main effect plot for MRR. These graphs show 

behaviour of process parameters with respect to MRR. The 

MRR graph is a linear graph which increases from 10 amp to 

12 amp. As we know material removal increases with increase 

in spark energy and spark energy is directly proportional to 

discharge current. The higher level current gives large craters 

which increase the material removal. We found same trends in 

the literature review; number researchers supported the 

statement and we did not find contradictory statement during 

literature review. The experiments were conducted at 2 bar, 3 

bar and 4 bar by keeping pressure constant. From main effect 

plot for MRR, it can seen that material removal rate increase 

with an increase in cycle time. For higher cycle time deeper 

discharge are formed and more material is removed per spark 

since spark energy is directly proportional to cycle time. MRR 

increases with cycle time. For very large values of cycle time, 

the drop can be explained by the high values of pulse off time.  

 

 
 

ANOVA FOR TOOL WEAR RATE (TWR) 

 

ANOVA for TWR is given in Table. From the results we 

found that, current and pulse on time are most significant 

parameter for TWR but remaining parameter dielectric 

pressure  is non-significant parameter for TWR  

 

From main effect plot we can say that tool wear increases as 

increase in current. This is due to at higher current stronger 

spark is generated so melting starts at earlier, also spark 

energy is low at low lower discharge current. Hence, as the 

current increases the tool wear rate is increases due to 

increasing spark energy. In case of pulse on time, tool wear 

rate increases as increase in the pulse on time. This is due to 

short pulse which causes less vaporization and long pulse 

duration cause the plasma channel to expand. But after 200 µs 

tool wear rate increased because experiments were conducted 

at constant duty cycle. As earlier discussed constant duty cycle 

provides longer pulse off time for longer pulse on time and 

because of insufficient flushing of debris, work piece material 

deposited on tool. 
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FOR NEAR DRY EDM PROCESS: 

 

 
Figure: Drills as per L27 orthogonal array by near Dry 

EDM. 

 

EXPERIMENTAL RESULTS FOR L27 ORTHOGONAL 

ARRAY 

 
 

Analysis of Variance for MRR 

 
Analysis of Variance of TWR: 
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GREY RELATIONAL ANALYSIS (GRA): 

 

The Grey Relational Analysis (GRA) associated with the 

Taguchi method represents a rather new approach to 

optimization. The grey theory is based on the random 

uncertainty of small samples which developed into an 

evaluation technique to solve certain problems of system that 

are complex and having incomplete information. A System for 

which the relevant information is completely known is a 

‘white’ system, while a system for which the relevant 

information is completely unknown is a ‘black’ system. Any 

system between these limits is a ‘grey’ system having poor 

and limited information. Grey Relational Analysis (GRA) a 

normalization evaluation technique is extended to solve the 

complicated multi-performance characteristics optimization 

effectively. Grey relational analysis consists calculation of 

grey relational rationalization which is based on response 

variable using formula. 

The grey relational coefficient (GRC) is calculated by 

following equation, 

 
Where, 

 i = 1, 2……27; k =1, 2, 3 

  

  
The Grey Relational Grade (GRG) is obtained by following 

equation, 
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8. CONCLUSIONS 
 

Study of dry and near dry EDM process is helpful for drilling 

process. It shows that near dry EDM gives higher MRR and 

lower TWR as compare to dry EDM process. In near dry EDM 

dielectric fluid helps for formation plasma channel between 

electrode and work piece.  

Present work has performed for drilling operation by dry and 

near dry EDM process. The experiments were performed using 

Taguchi method of design of experiments. Analysis was 

carried out using Minitab16 software. The final experiments 

were performed on Spring Steel work material, for two 

response variables such as MRR, TWR. Five process 

parameters were selected such as current, voltage, pulse off 

time, and pulse on time and dielectric fluid pressure. 

 

 From the ANOVA table we can say that pulse on 

time is the most significant parameter for MRR at 95 

% confidence level and current also a significant 

parameter at 80% confidence level. It was evident 

that current and pulse on time influence MRR. 

 In case of tool wear rate we can say that TWR is 

lower in near dry EDM process and Current and 

pressure were statically significant (at 95 % 

confidence) influencing TWR 

 

9. FUTURE SCOPE 

 The work can be done for different operations like 

milling turning etc. 

 The mathematical model can be developed different 

work piece and electrode materials for EDM and 

WEDM processes, 

 Responses like roundness, circularity, cylindricity, 

machining cost etc. are to be considered in further 

research. 
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