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ABSTRACT 

This experimental aims at achieving the integrated 

approach to solve the optimization problem of EDM 

process. At any stage, the dominance factor of the 

input variables and output variables contained in the 

constraints and objective functions can be computed. 

Electric discharge machining is categorized as a 

thermoelectric process in which heat energy of spark 

is used to remove material from the work piece. The 

machining process involves controlled erosion of 

electrically conducting material by the initiation of 

rapid and repetitive electrical spark discharges 

between the tool and work piece separated by the 

dielectric medium. The present work is aimed at 

characterizing the electric discharge machining of 

HCHCR steels on EDM. Since an electrode with 

micro features is employed to cut its mirror image in 

the work piece, it is necessary to investigate the 

machining efficiency of the electrodes used. 

Furthermore, to improve the machining efficiency, it 

is momentous to consider the effect of various 

influencing input and output parameters. In this 

project, a series of experiments has to be conducted 

with copper electrode as a tool and HCHCR steel as 

work piece to machine small depth on the work 

piece.. The combination of Pulse on time, pulse off 

time and Gap current is new line considered for 

maximum Material Removal Rate (MRR), Surface 

Roughness (SR), machining timing. The main aim 

has to be identifying the electrode which could 

enhance the production of quality of impression and 

to have a significant contribution for modern 

industrial requirements. . The experiments has to be 

carried out as per L9 orthogonal array with each 

experiment performed under different conditions of 

such as Ampere rating, sparking voltage while 

machining. 

Keywords: EDM, Material removal Rate, HCHCR, 

Optimization 

 

INTRODUCTION 

Electric Discharge Machining 

Electric discharge machining is a thermo-electric non-

traditional machining process. Material is removed 

from the work piece through localized melting and 

vaporization of material. Electric sparks are generated 

between two electrodes when the electrodes are held at 

a small distance from each other in a dielectric 

medium and a high potential difference is applied 

across them. Localized regions of high temperatures 

are formed due to the sparks occurring between the 

two electrode surfaces. Work piece material in this 

localized zone melts and vaporizes. Most of the molten 

and vaporized material is carried away from the inter-

electrode gap by the dielectric flow in the form of 

debris particles. To prevent excessive heating, electric 

power is supplied in the form of short pulses. Spark 

occurs wherever the gap between the tool and the work 

piece surface is smallest. After material is removed 

due to a spark, this gap increases and the location of 

the next spark shifts to a different point on the work 

piece surface. In this way several sparks occur at 

various locations over the entire surface of the work 

piece corresponding to the work. 

 
Figure 1.1: Tool shape and corresponding cavity 

formed on work piece 
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After EDM Operation 

 

THEORETICAL BACKGROUND 

Discharge Phenomena 

Phases of discharge 

The discharge process during EDM can be separated 

into three main phases .They are preparation phase, 

discharge phase and interval phase. Details of each 

phase are discussed below. 

 

Discharge phase 

EDM PROCESS 

ELECTRO-MECHANICAL THEORY 

This theory suggests that abrasion of material particles 

takes place as a result of the concentrated electric field. 

The theory proposes that the electric field separates the 

material particles of the work piece as it exceeds the 

forces of cohesion in the lattice of the material. This 

theory neglects any thermal effects. Experimental 

evidence lacks supports for this theory.  

 

ILLUSTRATION – 1 

A charged electrode is brought near the workplace. 

Between them is insulating oil, known in EDM as 

dielectric fluid. Even though a dielectric fluid is a good 

insulator, a large enough electrical potential can cause 

the fluid to break down into ionic (charged) fragments, 

allowing an electrical current to pass from electrode to 

work piece. 

 

The presence of graphite and metallic particles 

suspended in the fluid can aid this electrical transfer in 

two ways: the particles(electrical conductors) aid in 

ionizing the dielectric oil and can carry the charge 

directly; and the particles can catalyze the electrical 

breakdown of the fluid. 

 
Figure 3.1:  Illustration – 1 

ILLUSTRATION – 2 

As the number of ionic (charged) particles increases, 

the insulating properties of the dielectric fluid begin to 

decrease along a narrow channel centered in the 

strongest part of the field. Voltage has reached its 

peak, but current is still zero. 

 
Figure 3.2:  Illustration – 2 

 

ILLUSTRATION – 3 

A current is established as the fluid becomes less of an 

insulator. Voltage begins to decrease. 

 
Figure 3.3:  Illustration – 3 

 

ILLUSTRATION – 4 

Heat builds up rapidly as current increases, and the 

voltage continues to drop. The heat vaporizes some of 

the fluid, work piece, and electrode, and a discharge 

channel begins to form between the electrode and 

work piece. 

 
Figure 3.4:  Illustration – 4 
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ILLUSTRATION – 5 

A vapour bubble tries to expand outward, but its 

expansion is limited by a rush of ions towards the 

discharge channel. These ions are attracted by the 

extremely intense electro-magnetic field that has built 

up. Current continues to rise, voltage drops. 

 
Figure 3.5:  Illustration – 5 

ILLUSTRATION - 6  

Near the end of the on-time, current and voltage have 

stabilized, heat and pressure within the vapour bubble 

have reached their maximum, and some metal is being 

removed.  

 
Figure 3.6:  Illustration – 6 

ILLUSTRATION – 7 

At the beginning of the off-time, current and voltage 

drop to zero. The temperature decreases rapidly, 

collapsing the vapor bubble and causing the molten 

metal to be expelled from the work piece. 

 
Figure 3.7:  Illustration – 7 

ILLUSTRATION – 8 

Fresh dielectric fluid rushes in, flushing the debris 

away and quenching the surface of the work piece. 

Unexpelled molten metal solidifies to form what is 

known as the recast layer. 

 
Figure 3.8:  Illustration – 8 

 

ILLUSTRATION – 9 

The expelled metal solidifies into tiny spheres 

dispersed in the dielectric oil along with bits of carbon 

from the electrode. The remaining vapor rises to the 

surface. Without a sufficient off-time, debris would 

collect making the spark unstable. This situation could 

create a DC arc which can damage the electrode and 

the work piece. 

 
Figure 3.9:  Illustration – 9 

 

This on/off sequence represents one EDM cycle that 

can repeat up to 250,000 times per second. There can 

be only one cycle occurring at any given time. Once 

this cycle is understood we can start to control the 

duration and intensity of the on/off pulses to make 

EDM work for us. 

 

AN ORTHOGONAL ARRAY L9 FORMATION  
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PROCESS PARAMETERS AND THEIR LEVELS 

Process parameters and their levels 

 
 

RESULT &DISCUSSION 

CALCULATION 

After finding all the observation as given in table (3.2) 

& (6), and S/N ratio and means are calculated and 

various graph for analysis is drawn by using Minitab-

15.  The S/N ratio for Ra, Machining time and MRR is 

calculated on Minitab -15 Software using Taugchi 

Method. 

 

EXPERIMENTAL DATA 

MRR=BW-AW/DENSITY*TIME TAKEN) 

 
 

SURFACE ROUGHNESSES (ANALYSIS OF 

RESULT) 

SURFACE ROUGHNESS AND S/N RATIOS 

VALUES FOR THE EXPERIMENTS 

 
 

ROUGHNESS RESPONSE FOR EACH LEVEL 

OF THE PROCESS PARAMETER  

Response Table for Signal to Noise Ratios 

Smaller is better 

 
 

Response Table for Means 

 
 

General Linear Model: MT versus T-ON, T-OFF, 

AMPS  

 
 

ANALYSIS OF VARIANCE (ANOVA) 

Analysis of Variance (ANOVA) results for the 

Roughness  

 
 

MACHINING TIME (ANALYSIS OF RESULT) 

MACHINING TIME AND S/N RATIOS VALUES 

FOR THE EXPERIMENTS 
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MACHINING TIME FOR EACH LEVEL OF 

THE PROCESS PARAMETER  

Response Table for Signal to Noise Ratios 

Smaller is better 

 
 

Response Table for Means 

 
 

Main Effects Plot for Means  

Main Effects Plot for SN ratios  

General Linear Model: MT versus T-ON, T-OFF, 

AMPS  

 
 

ANALYSIS OF VARIANCE (ANOVA) 

Analysis of Variance (ANOVA) results for the 

MACHINING TIME  

 
 

MRR (ANALYSIS OF RESULT) 

MRR AND S/N RATIOS VALUES FOR THE 

EXPERIMENTS 

(Before weight-0.106Kg-After weight-0.103Kg) 

 
 

MRR FOR EACH LEVEL OF THE PROCESS 

PARAMETER  

Response Table for Signal to Noise Ratios 

Larger is better 

 
 

Response Table for Means 

 
 

Main Effects Plot for Means  

Main Effects Plot for SN ratios  

General Linear Model: MRR versus T-ON, T-OFF, 

AMPS  
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ANALYSIS OF VARIANCE (ANOVA) 

Analysis of Variance (ANOVA) results for the MRR  

 
 

CONCLUSION AND RESULT 

In this study, the Taugchi technique and ANOVA were 

used to obtain optimal EDM parameters in the 

machining of  HCHCR. with copper electrode .  The 

experimental results were evaluated using Taguchi 

technique.  The following conclusion can be drawn. 

 

OPTIMAL CONTROL FACTOR 

1.Surface Roughness-A2(T-ON – 5 µs)B3(T-OFF – 7 

µs)C1(Amps-8) 

2.Machining Timing- A1(T-ON – 4 µs)B3(T-OFF – 7 

µs)C2(Amps-10) 

3.Material Removal Rate- A3(T-ON – 6 µs)B1(T-OFF 

– 5 µs)C2(Amps-10) 

 

Percentage of contribution of Process parameter 

1. Surface Roughness- Amps- 37% 

2. Machining Timing- Pulse off time-34% 

3. Material Removal Rate-Pulse on time-51% 
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