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Abstract 

 

PEDM has become an important and cost-effective method of machining extremely tough and brittle electrically conductive 

materials. It is widely used in the process of making moulds and dies and sections of complex geometry and intricate shapes. The 

work piece material selected in this experiment is AISI D3 taking into account its wide usage in industrial applications. In 

today’s world 304 stainless steel contributes to almost half of the world’s production and consumption for industrial purposes. 

The input variable parameters are type of powder, current, pulse on time and powder concentration. Taguchi method is applied to 

create an L18 orthogonal array of input variables using the Design of Experiments (DOE). The effect of the variable parameters 

mentioned above upon machining characteristics such as Material Removal Rate (MRR) and Surface Roughness (SR) is studied 

and investigated. The tool material is copper. All the calculations are made with the help of MINITAB 16 software. Dielectric 

used for experimentation is kerosene. Two powders silicon carbide and boron carbide of 70 mesh is used. Most influence factor 

for MRR observed is powder concentration with 49.12 % contribution. For SR peak current with contribution of 43.4% plays an 

important role. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Electrical Discharge Machining (EDM) is non-conventional machining method which can be used to machine electrically 

conductive work pieces irrespective of their shape, hardness and toughness. In EDM process electrical energy is converted to 

thermal energy through a series of sparks. Very high temperature generated during sparking is sufficient to melt and vaporize the 

material from both the electrodes in from of tiny craters. Overlapping craters result in material removal from the work-piece in a 

shape which is a mirror image of tool profile. Electrical Discharge Machining (EDM) is most important accepted technologies in 

manufacturing industries since many complex 3D shapes can be machined using a simple shaped tool electrode. EDM is widely 

used in production of dies. New developments in the field of material science have led to new engineering metallic materials and 

composite materials having good mechanical properties and thermal properties as well as sufficient electrical conductivity so that 

they can readily be machined by spark erosion. At the present time, Electrical discharge machining (EDM) is used in industry for 

high-precision machining of all types of conductive materials such as: metals, metallic alloys, graphite, or even some ceramic 

materials, of whatsoever hardness. Electrical discharge machine (EDM) technology is increasingly being used in tool, die and 

mould making industries, for machining of heat treated tool steels and advanced materials (super alloys, ceramics, and metal 

matrix composites) requiring high precision, complex shapes and high surface finish. In the recent past, some modifications in 

the process are done to improve MRR and surface finish etc. 

II. LITERATURE REVIEW 

The history of EDM Machining Techniques goes as far back as the 1770s when it was observed 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 mid of 1980s EDM 
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techniques were transferred to a machine tool. This migration made EDM more widely available and appealing over traditional 

machining processes. 

Electrical Discharge machining techniques have developed in many areas. In a book published in 1994, has indicated some 

future trends activities in EDM: machining advanced materials, mirror surface finish using power additives, ultrasonic-assisted 

EDM, Dry machining, EDM in water, magnetic field assisted EDM. Introduction of ultrasonic vibration to electrode is one of the 

methods used to expand the application of EDM and to improve the machining performance on difficult to machine materials. 

The study of the effects on ultrasonic vibration of the electrode on EDM has been undertaken since 1980s. In dry EDM, tool 

electrode is formed to be thin walled pipe. High-pressure gas or air is supplied through the pipe. The role of the gas is to remove 

the debris from the gas gap and to cool the inter electrode gap. Water as dielectric is an alternative to hydrocarbon oil. The 

approach is taken to promote a better health and safe environment while working with EDM. This is because hydrocarbon oil 

such as kerosene will decompose and release harmful vapour (CO and CH4). Research over the last 32 years has involved the use 

of pure water and water additives. In power mixed EDM fine abrasive powder is mixed into the dielectric fluid. Electrically 

conductive powder reduces the insulting strength of the dielectric fluid and increase the spark gap between becomes more stable 

and improves machining efficiency, MRR and SQ. 

III. 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.  Figure 1.1 shows 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  shown  in  fig  1.1. 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.  This fig.1.1 is shown 

the electric setup of the Electric discharge machining. 

 
Fig. 1.1: Electric Setup of The Electric Discharge Machining 

The tool is made 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.  The moment spark occurs sufficiently pressure developed  between  work  and  tool  as  a  

result  of  which  a  very  high  temperature  is reached and at such high pressure and temperature that some metal is melted and 

eroded. Such localized extreme rise in temperature leads to material removal. 

IV. TAGUCHI METHOD AND DESIGNS OF EXPERIMENT 

Taguchi method of design provides a simple, efficient and systematic approach for optimization of experimental designs for 

performance quality and cost. In this, firstly the input factors are selected which are used in experiments and these factors values 

are entered in Taguchi design .The experimental values are obtained by design of experiment technique. 

In Taguchi method the results are analyzed to achieve to one or three following objectives 
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 To establish the best or optimum condition for product or a process 

 To estimate the contribution of individual factors 

 To estimate the response under optimum condition. 

The optimum condition is identified by studying the main effects of each of the factors. The process involves minor arithmetic 

manipulation of numerical results and usually can be done by using simple calculator. The main effects indicate the general trend 

of influence of factors. 

Signal-to-noise ratio or the SN number is calculated for each variable to determine the effect on the output. In the equations 

below, yi is the mean value and si is the variance. yi is the value of the performance characteristic for a given experiment. 

.....(1) 

where 

 
 

 
i= Experiment number 

u= Trial number 

Ni= Number of trials for experiment i 

For the case of minimizing the performance characteristic, the following definition of the SN ratio should be calculated: 

....(2) 

For the case of maximizing the performance characteristic, the following definition of the SN ratio should be calculated: 

....(3) 

The table1 indicates the factors and levels for selecting the orthogonal array. For experiment degree of freedom (DOF) is to be 

calculated. The DOF for orthogonal array should be greater than or at least equal to those for design parameters. In this 

experiment, L9 orthogonal is used having four columns and nine rows. This array has eight degree of freedom and it can be 

handle three level design parameter. The surface roughness, were analyzed by using this methodology. 
Table 1 

Factors and Their Levels of Interest 

Factors 
Factors designation 

 
Level 1 Level 2 Level 3 

Type of powder A Silicon carbide 
Aluminium 

Oxide 
 

Pulse on time 

(μs) 
B 50 100 150 

Peak current 

(ampere) 
C 4 8 13 

Conc. Of powder 

(g/I) 
D 0 2 5 

V. RESULTS 

Table - 2  

Result of MRR 

Experiment     no: 
Type of powder 

 

Pulse on time 

(μs) 

Peak current 

(ampere) 

Conc. Of powder 

(g/I) 

MRR 

Trial 1 

mm3/min 

MRR 

Trial 2 

mm3/min. 

MRR 

Mean 

S/N 

Ratio 

1 Al2O3 50 4 0 1.97 2.05 2.01 6.063 

2 Al2O3 50 8 2 3.73 3.79 3.76 11.50 
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3 Al2O3 50 13 5 7.65 7.74 7.69 17.71 

4 Al2O3 100 4 0 1.67 1.75 1.71 4.659 

5 Al2O3 100 8 2 4.13 4.23 4.18 12.42 

6 Al2O3 100 13 5 9.2 9.4 9.3 19.36 

7 Al2O3 150 4 2 1.98 2.04 2.01 6.063 

8 Al2O3 150 8 5 6.12 6.14 6.13 15.74 

9 Al2O3 150 13 0 7.30 7.34 7.32 17.29 

10 SiC 50 4 5 2.59 2.67 2.63 8.399 

11 SiC 50 8 0 2.39 2.47 2.43 7.712 

12 SiC 50 13 2 5.12 5.24 5.18 14.28 

13 SiC 100 4 2 2.02 2.12 2.07 6.319 

14 SiC 100 8 5 3.60 3.64 3.62 11.17 

15 SiC 100 13 0 3.94 4.00 3.97 11.97 

16 SiC 150 4 5 3.01 3.09 3.05 9.686 

17 SiC 150 8 0 3.1 3.7 3.4 10.62 

18 SiC 150 13 2 9.12 9.22 9.17 19.24 

Table – 3 

Result of Surface Roughness 

Experiment     no: 
Type of powder 

 

Pulse on time 

(μs) 

Peak current 

(ampere) 

Conc. Of powder 

(g/I) 

SR 

Trial 1 

Μm 

SR 

Trial 2 

μm 

. 

SR 

μm 

 

S/N 

Ratio 

1 Al2O3 50 4 0 .32 .42 .37 11.05 

2 Al2O3 50 8 2 1.10 1.20 1.05 6.196 

3 Al2O3 50 13 5 1.03 1.13 1.08 2.974 

4 Al2O3 100 4 0 .77 .85 .81 10.75 

5 Al2O3 100 8 2 1.11 1.17 1.14 5.192 

6 Al2O3 100 13 5 1.35 1.47 1.41 -1.798 

7 Al2O3 150 4 0 .95 1.03 .99 6.196 

8 Al2O3 150 8 2 1.15 1.19 1.17 1.830 

9 Al2O3 150 13 5 .99 1.03 1.41 -1.138 
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10 SiC 50 4 0 .26 .30 .28 8.636 

11 SiC 50 8 2 .46 .52 .49 -0.423 

12 SiC 50 13 5 .67 .75 .71 -0.668 

13 SiC 100 4 0 .25 .33 .29 1.723 

14 SiC 100 8 2 .51 .59 .55 -1.138 

15 SiC 100 13 5 1.21 1.25 1.23 -2.984 

16 SiC 150 4 0 .45 .53 .49 0.087 

17 SiC 150 8 2 .77 .85 .81 -1.363 

18 SiC 150 13 5 1.10 1.18 1.14 -0.086 

VI. CONCLUSION 

On the basis of experimental results obtained by machining AISI D3 without abrasive particles and with abrasive particles like 

aluminium oxide , silicon carbide  following conclusion are drawn as listed below: 

(1) MRR in case of AISID3 increases by using silicon carbide  and decreases slightly when we use aluminium oxide. 

Silicon carbide  are conducting so homogenization of discharge takes place so MRR gets improved in case of silicon 

carbide , while aluminium oxide is insulator . 

(2) Surface finish in case of AISI D3 is also improves by using abrasive particles like silicon carbide , while there is 

negligible effect in case of aluminium oxide . Surface finish is improved from 1.14 µm to 0.28 µm in case of silicon 

carbide . 

(3) MRR also in case of D3 by using silicon carbide  because these are conducting particles and MRR decreases slightly in 

case of aluminium oxide. 

(4) MRR is mainly affected by type of powder, peak current and powder concentration. 

(5) Surface roughness is mainly affected by type of powder, pulse on time and peak current. 
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