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Abstract— Electrical Discharge Machining (EDM) is one of the non-traditional machining process that involved a transient 

spark discharges through the fluid due to the potential difference between the electrode and the work piece. This project 

work deals with a fundamental study of characteristic of Tool Wear Rate (TWR), Material Removal Rate (MRR) by using 

copper as Electrode materials in order to increase the understanding of EDM processes. To Optimize the EDM Process 

Parameters using Taguchi technique with L27 OA. Copper is an electrode material that are employed factor in a Discharge 

Current, Pulse on Time, Pulse off Time and the Gap voltage with the level of three. Based on the study the MRR increases 

with increases Pulse ON Time and current. TWR decreases with increases of Pulse off time. Pulse ON Time increases, TWR 

is decreases and then increases again with increases of Gap Voltage. 
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I. INTRODUCTION 

The history of EDM Machining Techniques goes as far back as the 1770s when it was discovered by an English Scientist. 

However, Electrical Discharge Machining was not fully taken advantage of until 1943 when Russian scientists learned how the 

erosive effects of the technique could be controlled and used for machining purposes. 

When it was originally observed by Joseph Priestly in 1770, EDM Machining was very imprecise and riddled with 

failures. Commercially developed in the mid-1970s, wire EDM began to be a viable technique that helped shape the metal 

working industry we see today. In the mid-1980s.The EDM techniques were transferred to a machine tool. This migration made 

EDM more widely available and appealing over traditional machining processes. 

The new concept of manufacturing uses non-conventional energy sources like sound, light, mechanical, chemical, 

electrical, electrons and ions. New developments in the field of material science have led to new engineering metallic materials, 

composite materials and high tech ceramics having good mechanical properties and thermal characteristics as well as sufficient 

electrical conductivity so that they can readily be machined by spark erosion. The machining processes are non-traditional in 

the sense that they do not employ traditional tools for metal removal and instead they directly use other forms of energy. 

Currently, non-traditional processes possess virtually unlimited capabilities except for volumetric material removal rates, for 

which great advances have been made in the past few years to increase the material removal rates. As removal rate increases, 

the cost effectiveness of operations also increase, stimulating ever greater uses of nontraditional process. EDM has been 

replacing drilling, milling, grinding and other traditional machining operations and is now a well-established machining option 

in many manufacturing industries throughout the world. And is capable of machining geometrically complex or hard material 

components, that are precise and difficult-to-machine such as heat treated tool steels, composites, super alloys, ceramics, 

carbides, heat resistant steels etc. being widely used in die and mold making industries, aerospace, aeronautics and nuclear 

industries. Electric Discharge Machining has also made its presence felt in the new fields such as sports, medical and surgical, 

instruments, optical, including automotive R&D areas. 

Electro Discharge Machining (EDM) is an electro-thermal non-traditional machining Process, where electrical energy 

is used to generate electrical spark and material removal mainly occurs due to thermal energy of the spark 

II. PRINCIPLE OF EDM 

In this process the metal is removing from the work piece due to erosion case by rapidly recurring spark discharge taking place 

between the tool and work piece. Show the mechanical set up and electrical set up and electrical circuit for electro discharge 

machining. A thin gap about 0.025mm is maintained between the tool and work piece by a servo system. Both tool and work 

piece are submerged in a dielectric fluid. Kerosene/EDM oil/deionized water is very common type of liquid dielectric although 

gaseous dielectrics are also used in certain cases. 

The tool is mead cathode and work piece is anode. When the voltage across the gap becomes sufficiently high it 

discharges through the gap in the form of the spark in interval of from 10 of micro seconds. And positive ions and electrons are 

accelerated, producing a discharge channel that becomes conductive. It is just at this point when the spark jumps causing 

collisions between ions and electrons and creating a channel of plasma. A sudden drop of the electric resistance of the previous 

channel allows that current density reaches very high values producing an increase of ionization and the creation of a powerful 

magnetic field. 
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Fig. 1: Schematic Arrangement of EDM 

III. CONDUCTIVITY 

Steel EN31’s is an excellent conductor of heat and electricity. A Steel EN31 conductor weights approximately half as much as 

a copper conductor having the same conductivity. 

A. Steel EN31 

Steel EN31 is a high carbon alloy steel which achieves a degree of hardness with compressive strength and abrasive resistance. 

It is ductile metal with very high thermal and electrical conductivity. It is used as a conductor of heat and electricity as a building 

material and as a constituent of various metal alloys. 

Element Wt.% 

Carbon 0.90-1.20 

Manganese 0.30-0.75 

Chromium 1.00-1.60 

Sulphur 0.050 max 

Max silicon 0.10-0.35 

Phosphorous max 0.050 max 

Table 1: Typical chemical composition for Steel EN31 

IV. CALCULATION OF TOOL WEAR RATE (TWR) 

TWR is expressed as the ratio of the difference of weight of the tool before and after Machining to the machining time. That 

can be explain this equations 

TWR =
Wtb−Wta

t
 

Whereas, 

Wtb = Weight of the tool before machining. 

Wta = Weight of the tool after machining.  

t = Machining time (In this experiment the machining time is sec) 

V. CALCULATION OF METAL REMOVAL RATE (MRR) 

MRR is expressed as the ratio of the difference of weight of the workpiece before and after Machining to the machining time. 

That can be explain this equations, 

MRR = 
Wwb−Wwa

t
 

Whereas, 

Wwb = Weight of the workpiece before machining. 

Wwa = Weight of the workpiece after machining. 

T = Machining time (In this experiment the machining time is sec 

VI. READINGS 

Symbol Machining Parameter Unit Level 1 Level  2 Level 3 

A Discharge Current A 3 6 9 

B Pulse on time µs 30 60 90 

C Pulse off time µs 2 4 6 

D Gap Voltage V 40 50 60 

Table 2: Reading 
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Fig. 2: Work Piece Steel En31copper Tool 

VII. DIMENSIONS 

Length: 19.44mm, Breadth: 14.25mm 

A. Results and Discussion 

  
Fig. 3: S/N Ratio Graph for MRR    Fig. 4: S/N Ratio Graph for MRR 

In this Graphs, Best Machining Condition for MRR were Voltage=5V, Current = 27 Amps and Pulse on Time=900μs. 

The experiments were conducted by  

VIII. CONCLUSION 

The varying the process parameters such as pulse on, pulse off, current and voltage. The output parameters such as Metal 

Removal Rate (MRR) and Tool Wear Rate (TWR) were studied. 

Based on the experiment the Copper electrode having high machining rate, low tool wear rate and It study current and 

pulse on time increases, MRR ia also increases. It observed pulse off time increases, TWR is decreases. Current is directly 

proportionally to TWR.  
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