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Abstract 

 

EDM finds to be one of the most extensively used non-conventional material removal processes for challenging materials and 

difficult-to-cut materials with conventional machining process. EDM is a thermo-electric process in which material is removed 

from work piece by thermo erosion effect by series of electric discharges (in terms of sparks) between tool and work piece which 

are immersed in a dielectric medium. This project have been carried out on ZNC-EDM by taking Aluminum, Tool as work material 

and copper as electrode. For experimentation Peak Voltage (Vin), Peak Current (Iin) and Pulse on Time (TON) are taken as key 

input parameters based on literature support.  Metal Removal Rate (MRR), Tool Wear Rate(TWR) has taken as performance 

measures.    EDM oil is used as dielectric medium between tool and work piece.  

Keywords: EDM, Aluminum, material removal rate, electrode wear rate, disintegration-drilling- cobalt-bonded, tungsten 

carbide- response surface methodology- Electric discharge machining (EDM) 

_______________________________________________________________________________________________________ 

I. INTRODUCTION 

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

ions.  With the industrial and technological growth, development of order and difficult to machine materials, which wide 

application in aerospace, nuclear engineering and other industries owing to their high strength to weight ratio, hardness and heat 

resistance qualities has been witnessed.  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. We are doing our project in the basis of 

gear down process. Our concept of this project is to reducing the unused torque is usefully converted into the speed and mileage 

by the help of gear down process. We are changing the drive ratio in the two-wheeler and to changing the smaller diameter sprocket 

when compared to the existing sprocket diameter. It includes the reduction in the teeth counts also.  

EDM has been replacing drilling, milling, grinding and others 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 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.  Electrical 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. 

 Working Principle of EDM 

The material erosion mechanism primarily makes use of electrical energy and turns it into thermal energy through a series of 

discrete electrical discharges occurring between the electrode and work piece submerged in a dielectric liquid medium.  The thermal 

energy generates a channel of plasma between the cathode and anode at a temperature in the range of 8000 to 12,000 °C.  When 

the pulsating direct current supply occurring at the rate of approximately 15,000–30,000Hz is turned off, the plasma channel breaks 
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down.  Due to this sudden reduction in the temperature allowing the circulating dielectric fluid to implore the plasma channel and 

flush the molten material from the pole surfaces in the form of microscopic debris are observed. 

 
Fig. 1: Working principle 

 Important Parameters of EDM 

 Voltage 

It is a potential that can be measure by volt it is also effect to the material removal rate and allowed to per cycle. 

 Current  

Current is measured in amp Allowed to per cycle. Discharge current is directly proportional to the Material removal rate. 

 Pulse on Time  

The duration of time (μs) the current is allowed to flow per cycle. Material removal is directly proportional to the amount of energy 

applied during this on-time. This energy is really controlled by the peak current and the length of the on-time. 

 Pulse off Time  

The duration of time (μs) between the sparks (that is to say, on-time). This time allows the molten material to solidify and to be 

wash out of the arc gap. This parameter is to affect the speed and the stability of the cut. Thus, if the off-time is too short, it will 

cause sparks to be unstable. 

 Arc Gap 

The Arc gap is distance between the electrode and work piece during the process of EDM. It may be called as spark gap. Spark 

gap can be maintained by servo system. 

 Duty Cycle (τ) 

It is a percentage of the on-time relative to the total cycle time. This parameter is calculated by dividing the on-time by the total 

cycle time (on-time pulse off time). 

Ʈ=Ton/(Ton + Toff ) 

 Specification of ZNC-EDM 

1 Machining Unit S50 (ZNC) 

2 Tank size (mm) 900×550×375 

3 Table size (mm) 600×400 

4 Long cross Travel (mm) 350×2×25 

5 Vertical Filter 14”, 10 micron 

6 Maximum height of work piece (mm) 350 

7 Maximum weight of work piece (kg) 550 

8 Maximum Electrode Weight (kg) 35 

 

 
Fig. 2: ZNC-EDM 

 Dielectric System 

It consists of dielectric fluid, reservoir, filters, pump and delivery devices.  A good dielectric fluid should possess certain properties: 
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 It have high dielectric strength (i e., remain electrically non-conductive until the required breakdown voltage between the 

electrodes is attained), 

 It take minimum possible time to breakdown (i e., ignition delay time) once the breakdown voltage is reached, 

 It deionize the gap immediately after the spark has occurred, 

 It serve as an effective cooling medium, and 

 It have high degree of fluidity. 

 Flushing Method 

Effective flushing of dielectric removes by-products from the gap.  Ineffective flushing results in low MRR and poor surface finish.  

The effective may increase MRR as much as by a factor of 10.  Poor flushing hence up with stagnation of dielectric and build-up 

of machining residues which apart from low MRR also lead to short circuit and arcs.  A good flushing is the one that shoots the 

dielectric to the place where the sparking occurs. 

 
Fig. 3: Jet flushing 

 Electrode Material 

Both and work piece are electrodes in EDM.  However, in general, the word ‘electrode’ is used only for tool.  The material to be 

used as tool electrode should possess desirable properties like easily machinable, low wear rate, good conductor of electricity and 

heat, cheap, and readily available. 

The materials which are used as tool electrode in EDM are brass, copper, tungsten and graphite.  Brass was one of the first EDM 

electrode materials.  Brass is seldom used as electrode material in modern EDM because of its high wear rate.  Use of tungsten as 

tool electrode is also limited to certain applications only. 

Electrode material 
Density 

(gm/cc) 

Specific heat 

(J/kg/K) 

Thermal conductivity 

(W/mK) 

Electrode Resistivity 

(μ-ohms) 

Hardness 

(BHN) 

Copper 8.9 386 399 1.69 48 

 Work Piece Material 

Aluminium is a bluish silver-white malleable ductile light trivalent metallic element that has good electrical and thermal 

conductivity, high reflectivity, and resistance to oxidation and is the most abundant metal in the earth’s crust where it always occurs 

in combination. Aluminium is used in a variety of applications involving exposure to high temperatures and corrosive 

environments. 

 
Fig. 4: Workpiece 

Property Value Unit 

Density 2.70 g/cm3 

Melting point 660.3 oC 

Tensile strength 
27 oC 

7 MPa 

Yield strength 11 MPa 
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Hardness 126 BHN 

Thermal conductivity 237 W/m.oC 

II. EXPERIMENTAL WORK 

 Experimental Setup 

The work is carried out using ZNC-Electric Discharge Machine, model SPARKONIX (S50 ZNC) (die-sinking type) with servo-

head (constant gap) and positive polarity is used for conducting the experiments.  Commercial grade EDM oil (specific gravity= 

0.763, freezing point= 94˚C) was used as dielectric fluid, with external flushing of cylindrical copper tool with a pressure of 0.2 

kgf/cm2.  Experiments were conducted with positive polarity of electrode. The pulsed discharge current was applied in various 

steps. 

The EDM consist of following major parts as shown below 

1) Dielectric reservoir, pump and circulation system 

2) Power generator and control unit 

3) Working tank with work holding device 

4) X-y table accommodating the working table 

5) Tool holder & Servo system to feed the tool. 

 Dielectric Reservoir, Pump and Circulation System 

Dielectric reservoirs and pump are used to circulate the EDM oil for every run of the experiment and also used to filter the EDM 

oil. 

 
Fig. 5: Reservoir and Pump 

 Power Generator and Control unit 

The power supply control the amount of energy consumed. First, it has a time control function which controls the length of time 

that current flows during each pulse; this is called “on time.”  It controls the amount of current allowed to flow during each pulse. 

These pulses are of very short duration and are measured in microseconds. There is a handy rule of thumb to determine the amount 

of current a particular size of electrode should use: for an efficient removal rate, each square inch of electrode calls for 50 A. Low 

current level for large electrode will extend overall machine time unnecessarily. 

 Working Tank with Work Holding Device 

EDM oil is kept in the working tank andis used for the circulation during the process of machining. 

 
Fig. 6: Tank with Work holding device 
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 X-Y Table Accommodating the Working Table 

These attachments were used for the movement of the work piece in X and Y directions, manually. 

  
                                                                     Fig. 7: Y – Axis                                         Fig. 8: X – Axis 

 Tool Holder & Servo System to Feed the Tool 

The tool holder holds the tool with the process of machining. 

 
Fig: 9 Tool Holder 

 Selection of Work Piece 

Aluminium is a bluish silver-white malleable ductile light trivalent metallic element that has good electrical and thermal 

conductivity, high reflectivity, and resistance to oxidation and is the most abundant metal in the earth’s crust where it always occurs 

in combination. 
Table – 2 

Mechanical Properties of workpiece 

Property Value Unit 

Density 2.70 g/cm3 

Melting point 660.3 oC 

Tensile strength 

27 oC 

7 MPa 

Yield strength 11 MPa 

Hardness 126 BHN 

Thermal conductivity 237 W/m.oC 

 Selection of Tool 

Cylindrical shaped copper tool with external flushing is used.  Why cylindrical shaped tool is used:  Because we want cylindrical 

shaped cavity in the workpiece having diameter greater than the tool diameter. 

 
Fig. 10: Tool 
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 Machining Parameters 

1) voltage(V) 

2) current(A) 

3) Pulse duration time(TON) 

 Mechanism of MRR 

The mechanism of material removal of EDM process is most widely established principle is the conversion of electrical energy 

into thermal energy. During the process of machining the sparks are produced between work piece and tool.Thus each spark 

produces a tiny crater and crater formation in the material along the cutting path by melting and vaporization, thus eroding the 

work piece to the shape of the tool. The material MRR is expressed as the ratio of the difference of weight of the workpiece before 

and after machining to the machining time and density of the material 

MRR= (Wjb-Wja)/(T*ρ) 

 Mechanism of TWR 

Tool wear is an important factor because if affects dimensional accuracy and the shape produced. Tool wear is related to the 

melting point of the materials. Tool wear is affected by the precipitation of carbon from the hydrocarbon dielectric on the electrode 

surface during sparking. By Mohri et.al. Also the rapid wear on the electrode edge was because of the failure of carbon to precipitate 

at difficult to reach regions of the electrode. 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 

 Conduct of Experiment 

Aluminum alloys are machined using cylindrical shaped copper tool of 7 mm and the sparkonix 50 ZNC-EDM machine is used.  

Commercial grade EDM oil (specific gravity=0.763, freezing point= 94oC) was used as dielectric fluid. External flushing with 

cylindrical shaped copper tool was used to flush away the eroded materials from the sparking zone.  With three identified factor 

and with three levels and total of 20 number of experiments performed using die sinking EDM. The calculation of material removal 

rate and tool wear rate by using weight of workpiece and electrode before and after machining.  Weight is taken from electronic 

balance weighing machine with accuracy of 0.001 gram. 

 
Fig. 11: Weighting Machine 

 Design Matrix and Observation Table 

The SEM instrument is made up of two main components, the electronic console and the electron column. The electronic console 

provides control knobs and switches that allow for instrument adjustments such as filament current, accelerating voltage, focus, 

magnification, brightness and contrast. The FEI Quanta 200 is a state of the art electron microscope that uses a computer system 

in conjunction with the electronic console making it unnecessary to have bulky console that houses control knobs, CRTs, and an 

image capture device.  All of the primary controls are accessed through the computer system using the mouse and keyboard. 

Experiments were conducted according to Surface response methodology by using the machining set up with cylindrical copper 

electrode and external flushing. The control parameters like voltage (V), current (A) and pulse duration (Ton), are varied to conduct 

20 different experiments and the weights of the work piece and Tool and dimensional measurements of the cavity were taken for 

calculation of MRR, TWR. 
Table - 4  

Values Observed during Machining 

W/P No. Voltage (V) Current (A) TON 

Electrode Work Piece 
Time Taken For 

M/C ing (min) 
Weight Before 

M/C ing (g) 

Weight After 

M/C ing (g) 

Weight Before 

M/C ing (g) 

Weight After 

M/C ing (g) 

1 1 21 30 53.4375 53.4987 27.7815 27.4321 6.35 

2 3 15 60 47.1554 47.1330 29.5203 29.1576 5.55 

3 5 21 90 64.6173 64.8975 26.4569 23.1579 1.5 
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4 3 15 60 53.5796 52.3465 27.2894 26.2791 4.26 

5 5 9 30 47.1549 47.5466 29.8861 28.4961 22.6 

6 1 9 90 64.5066 63.1187 26.4491 25.1006 10.8 

7 3 15 60 53.4849 52.5646 27.2012 25.3325 6.16 

8 1 15 60 46.2284 45.9990 28.2203 27.5589 3.85 

9 3 21 60 63.4976 61.1367 27.2879 26.9763 1.42 

10 3 15 30 52.4697 50.3187 26.7733 22.8803 9.78 

11 3 15 60 46.6465 45.6161 28.1515 29.5546 3.12 

12 5 15 60 63.6546 60.4594 25.9938 22.6857 1.86 

13 3 9 60 55.7084 51.7959 25.5869 20.5024 12.97 

14 3 15 90 49.5898 46.2323 22.1635 28.9703 3.09 

15 1 9 30 66.3485 62.3912 26.6345 27.3177 40.79 

16 3 15 60 51.3456 49.5798 21.1505 25.7197 7.51 

17 5 9 90 32.5872 30.7321 28.7048 29.3056 8.24 

18 5 21 30 45.1854 41.1684 24.3666 21.9523 4.67 

19 3 15 60 35.3322 30.3597 24.7730 23.4891 3.29 

20 1 21 90 45.1379 44.8139 27.4574 25.5055 1.55 

III. RESULT  

Minitab 15 is made use of to find the relation and influences of various operating parameters over the output namely MRR, TWR 

are related with the help of the graphs made for the experimental results. Final conclusion is arrived with the result which conveys 

that the factors like discharge current Ip, pulse duration Ton, Peak voltage V in volts have most significant effect on the outputs 

namely MRR, TWR. RSM is used as optimizing tool and the results obtained are summarized as follows 

 Estimated Regression Coefficients for MRR 

Term Coef SE Coef T P 

Constant 0.026069 0.002640 9.875 0.000 

V 0.006896 0.002429 2.840 0.018 

I 0.019258 0.002429 7.930 0.000 

T 0.015353 0.002429 6.322 0.000 

V*V 0.011426 0.004631 2.467 0.033 

I*I 0.004334 0.004631 0.936 0.371 

T*T 0.003409 0.004631 0.736 0.479 

V*I 0.005051 0.002715 1.860 0.092 

V*T 0.005296 0.002715 1.951 0.080 

I*T 0.012281 0.002715 4.523 0.001 

S = 0.00767963  PRESS = 0.00621106 

R-Sq = 93.54%   R-Sq(pred) = 31.96%  R-Sq(adj) = 87.73% 

MRR= 0.0181012 -0.0253019 V +0.00146447 I -3.21998E-04 T + 0.00285659 V*V -1.20379E-04 I*I  -3.78737E-06 T*T + 

0.000420938  V*I +8.82708E-05 V*T + 6.82292E-05 I*T             

 Estimated Regression Coefficients for TWR 

Term      Coef     SE Coef   T    P 

Constant 0.005793  0.000728 7.962 0.000 

V       -0.000164   0.000669  -0.245 0.811 

I            0.004393   0.000669 6.56       0.000 

T           0.001408   0.000669   2.104  0.062 

V*V     -0.002473   0.001276 -1.937  0.081 

I*I         0.002702   0.001276   2.117  0.060 

T*T      -0.001323   0.001276-1.036  0.324 

V*I        -0.000861   0.000748  -1.151  0.277 

V*T       0.000596    0.000748    0.797    0.444 

I*T        0.001476  0.000748  1.973  0.077 

S = 0.00211648  PRESS = 0.000232526 

R-Sq = 85.91%   R-Sq(pred) = 26.88%  R-Sq(adj) = 73.24% 

TWR = 0.00421556+0.00410740V-0.0017965I+7.04636E-05T -6.18182E-04     V*V+7.50631E-05 I*I -1.46970E-06 T*T 

-7.17708E-05 V*I+ 9.93750E-06 V*T+8.20139E-06 I*T 
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 Effects of Process Parameters on MRR 

As seen from the first row above graph the MRR tends to increase considerably with increasing peek current for any value of pulse 

on time and voltage.  Hence maximum MRR is obtain at high peek current (15Amps) and this due to the predominant control over 

the input energy.  After the value of 15 volt there it is observed with slight deviation with the increase of MRR. 

 
Fig. 12: Contour Plot of MRR 

 Effects of Process Parameters on TWR 

As seen from the second row of above graph the TWR tends to increase as the peak current supplied for machining is increased to 

the level of 15 Amps and after that there is a slight deviation in the rise and hence maximum percentage of wear rate is obtain at a 

current value of 15 Amps for any value of pulse on time and the voltage has less impact on the outputs. 

 
Fig. 13: Countour Plot of TWR 

 Optimization Plot 

 
Fig. 14: Optimization Plot 
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Local Solution 

V   =         3 

I   =   14.9394 

T   =        30 

Predicted Responses 

MRR   =   0.0612624,   desirability =   0.590479 

TWR   =   0.0037876,   desirability =   0.702343 

Composite Desirability = 0.643987 

 Calculation of MRR, TWR 

Table – 4 

Calculation of MRR, TWR 

S.No Voltage (V) Current (A) Pulse on Time (Ton) MRR (cm3/min) TWR (gm/min) 

1 1 21 30 0.01979 0.00753 

2 3 15 60 0.02379 0.01866 

3 5 21 90 0.10185 0.00701 

4 3 15 60 0.03114 0.02117 

5 5 9 30 0.00637 0.00149 

6 1 9 90 0.01062 0.00046 

7 3 15 60 0.02218 0.00199 

8 1 15 60 0.03205 0.00281 

9 3 21 60 0.03491 0.00808 

10 3 15 30 0.01235 0.00339 

11 3 15 60 0.03387 0.00812 

12 5 15 60 0.04364 0.00545 

 Residual Plots for MRR 

 
Fig. 15: Residual Plot for MRR 

 Normal probability plot indicate outline doesn’t exist in the data 

 Residual Vs fitted values indicate the variation is constant 

 Histogram shows the data are not skewed and not out line exist 

 Residual Vs order of the data indicates effects in the data due to time or data collection order. 
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 Residual Plot for TWR 

 
Fig. 16: Residual Plot for TWR 

 Normal probability plot indicate outline slightly exist in the data 

 Residual Vs fitted values indicate the variation is constant 

 Histogram shows the data are not skewed and not out line exist 

 Residual Vs order of the data indicates effects in the data due to time or data collection order. 

IV. CONCLUSION 

Experiments were conducted according to Surface response methodology by using the machining set up with cylindrical copper 

electrode and external flushing. The control parameters like voltage (V), current (A) and pulse duration (Ton), are varied to conduct 

20 different experiments and the weights of the work piece and Tool and dimensional measurements of the cavity were taken for 

calculation of MRR, TWR. 
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