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Abstract— Electro discharge machining became a 

commercial process for manufacturing geometrically 

complex shapes with hard material having high strength and 

temperature resistance at low production cost with good 

surface quality to fit into various industrial applications. 

Electro discharge machine are extensively applied in mould 

and die industry to manufacture with high precision and 

accuracy. This paper deals with the machining of DIN 

17350-1.2080 (High Carbon High Chromium), using electro 

discharge machining. In the present investigation an effort is 

made to use permanent magnet near the machined surface 

to improve electro wear ratio by selecting optimal choice for 

each machining parameter such as peak current, voltage 

and Servo voltage using Taguchi methodology. It is observed 

that these process parameters have significant influence on 

machining characteristics and also on Electrode wear ratio.  

Improvement in Electrode wear ratio is obtained when 

process parameters are set at optimum condition under the 

influence of magnetic field. 

Keywords— Electrode wear ratio, EDM in magnetic field , 

HCHCr  

I.  INTRODUCTION  

Emerging of new materials with high strength, high hardness 
and high temperature resistance there is need of new advances in 
tools for manufacturing process. In this aspect Electro discharge 
machining (EDM) is one of the best alternative wide spread 
technique for high-precision machining of all types of electrical 
conductive materials such as metals, metallic alloys and even 
some ceramic materials of any hardness with non contact 
machining tool [1]. This non traditional machining process 
commonly used for dies and mould manufacturing industries. 

Electro discharge machine utilize pulse generator for 
repetitive spark between the electrode and work piece separated 
by small gap. These repetitive sparks  generates a temperature  
range of 8000 to  12,000 0C forming plasma channel evolving 
thermal energy  between electrode and work piece immersed in 
a dielectric fluid causing melting and vaporizing both work 
piece and tool material [2]. When rate of pulse current is 
approximately 20,000-30,000 Hz [3] is turned off, collapsing 
plasma channel occurs due to this rushing of cool dielectric fluid 
in spark zone causing molten metal to erode from the work piece 
and electrode tool leaving craters on both the surface. Erosion 
from the tool is known as tool wear. This tool wear cannot be 

avoid completely but can be reduce by modern advances in 
electro discharge machining. The study of tool wear problem is 
very critical as shape of tool is degenerated on the work piece if 
the caters formed on the tool is replicated on work piece the 
quality of the component reduce thus reducing fatigue life of the 
work piece. During EDM the Metal Removal Rate (MMR), 
Electrode Wear Ratio (EWR), and surface finish are responses 
mainly observed. It is desirable to obtain maximum metal 
removal rate with minimum electrode wear ratio. Efforts are 
made to minimize Electrode Wear Ratio in the present 
investigation. 

II. LITERATURE REVIEW  

Cost of the product manufactured using EDM method 
mainly determined by the number of tools required, raw material 
cost and production cost of the tool. In contribution to the total 
operation cost more than 60% is occupied by tool cost only. Due 
to all these reasons, the wear of the tool should be consideration 
in planning and designing EDM operations to reduce the 
machining errors improving quality at lower cost 

With increase in discharge current, metal removal rate and 
tool wear rate also increase but metal removal rate increase 
linearly and tool wear rate increase nonlinearly due to the 
increase in discharge current increases the pulse energy which 
leads to increase in heat energy rate melting and evaporation in 
both electrodes [4, 5]. 

The composite tool such as ZrB2–40 wt.% Cu are also used 
in EDM process for higher MRR with low EWR over pure Cu 
tool. The average surface roughness of tool surfaces and 
diameteral overcut produced on the work piece are found to be 
more for ZrB2–40 wt.% Cu composite tool than Cu tool[6]. High 
tool wear rates are experienced in injection flushing than 
Suction flushing. The high front-surface tool wear rates are 
observed in injection flushing compared with static condition. 
[7]. 

III.  EXPERIMENTAL DESIGN 

Taguchi Design of experiments is used for systematically 
experimentation for enhancement of quality of a product. A 
standard Taguchi L9 Orthogonal Array (OA) is chosen for this 
investigation as it can accommodate three parameters with each 
at three levels evaluated independently so that effect of one 
factor does not influence the estimation of another factor thus 
reduce the number of experiments. Based on literature survey 
these three parameters peak current (I), voltage (V), Servo   
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voltage (Sv) have been selected to evaluate   Electrode Wear 
Ratio (EWR) in standard Electro Discharge Machine (EDM) 
and magnetic flux influenced Electro Discharge Machine 
(MEDM). 

Taguchi Methods uses the SN (signal-to-noise) ratio to 
analyze response of experiment. The importance of SN ratio is it 
represents both the average (mean) and variation (scatter) of the 
experimental results. Analysis of Variance (ANONA) is done on 
SN ratio to test significance parameter. 

In this aspect magnetic field is introduced between the 
machining gap using permanent magnet as shown in figure 
1.Magnetic field line is developed parallel to the work piece 
surface such that it is perpendicular to electrical field lines as 
shown in figure 1.  

Figure 1          Experiment Setup 

 

 

 

 

 

This 
generates 

Lorentz force  point away from the work piece surface creates 
tension force on the plasma pool and when the Lorentz force is 
pointing towards the work piece surface creates  a compression 
force on the plasma pool. The changes in the crater volume 
would provide evidence to support the claims that the Lorentz 
alters the material removal mechanism. Lorentz force technique 
is utilized to flush debris during machining operation to avoid 
instability. This force is perpendicular to current per unit area 
and magnetic field (T) [9].  

Lorentz force is defined as cross product of the current per 
unit area (A/mm2) vector and magnetic field (T) vector. This 
force can be maximized when both the vector are mutually 
perpendicular each other as seen in equation [1]. 

                                                        (1) 

IV.  EXPERIMENTAL MATERIAL 

In this investigation is HCHCr  i.e. DIN 17350-1.2080 is 
selected as work piece material whose composition is shown in 
table 1, the hardness of material is 260 HBW and its dimension  
were  30X20X10 mm (density 7.7×100 kg/m3). The specimens 
were initially milled and ground to ensure the parallelism before 
conducting the experiments. The copper electrode material is the 
most common tool material of EDM industries whose properties 
are given in table 2. The cross section of electrode is 50X20X20 
mm (8.930 ×100 kg/m3 Density).  The front face of the 
electrode is grounded using 600, 800, and 1200 grit emery paper 
to ensure surface finishing and the flatness of each electrode at 
the same level. The permanent magnet selected for the magnetic 
effect is N35 with surface field strength 0.3T. 

Table 1 Chemical composition of HCHCr 

C Si Mn p S Cr Mo V Ni 

1.9

1 

0.4

7 

0.4

2 

0.02

1 

0.01

9 

11.4

8 

0.2

2 

0.01

1 

0.1

0 
 

Table 2 Physical properties of copper electrode [8] 

Physical properties Copper 

Thermal conductivity [W/m.K] 380 

Melting point [0C] 1081 

Boiling temperature 2592 

Specific heat [cal/g 0C] 0.092 

Specific gravity at 200c[g/cm3] 8.81 

Coefficient of thermal expansion [1/0C] 17 X  10-6 

V. EXPERIMENTAL CONDITIONS 

The effects of machining parameters associated with the 
magnetic flux assisted EWR were extensively investigated in 
this study. Moreover, the significant parameters and the optimal 
combination levels of machining parameters were determined. 
The machining parameters, such as peak current (I),voltage (V), 
Servo  voltage (Sv) were varied to determine their effects on the 
machining characteristics EWR. The detailed machining 
conditions used in this investigation were given in Table 3 

Table 3 Factors and level used in experiment 

VI. RESULT AND DISCUSSION 

 

The main objective of the experiment is to optimize the EDM 

process parameters for minimize EWR. Table 4 represents 

response factor EWR calculated from the experimentally 

observed values using equation 2. The SN ratios were calculated 

for the response factor using equation 3[10].  

 

 (2) 

 

SMALLER-THE-BETTER: S/N   = -10 Log10 [mean of sum 

squares of   Response]                                                         (3) 

This type of SN ratio is usually chosen for all desirable 

characteristics for which the ideal value is minimum like 

minimum defects, minimum surface roughness. The 

experimental results are analyzed to investigate the main effects 

and significant level among the three levels of the parameter. 

EWR and SN Ratio values of EDM and  In magnetic flux 

influence Electrode Wear Ratio (MEWR)and EWR of standard 

EDM is given in table 4 and the average of SN ratios of all the 

levels is given in the table 5, table 6. 

The servo reference voltage in EDM is significant effect on 

EWR shown in table 5. In MEDM gap voltage plays significant 

CONTROL FACTORS Levels 

1 2 3 

A Peak Current (I) 5 10 15 

B Voltage (V) 85 100 115 

C Servo voltage (Sv) 10 20 30 
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role to reduce MEWR from table 6. This is also concluded in 

analysis of variance (ANOVA) table 7, 8. When current is 

increase EWR reduces, increasing Metal Removal Rate (MRR). 

There is also significant reduction in  MEWR. Servo voltage 

contribute 44.64% for minimizing EWR in standard EDM. In 

case MEDM gap voltage contribute 51.52 % for minimizing 

EWR. The figure 3 shows   relative change in EWR for various 

parameters and it can be concluded there is affect of magnetic 

field on EWR. 

 
Table 4 Average observed value and SN ratio for Electrode Wear Ratio 

I V Sv EWR  MEWR  

S/N  

Ratio 

EWR 

S/N  

Ratio  

MEWR 

Relative 

change 

5 85 10 6.92 82.75 -16.81 -38.35 10.94 

5 100 20 83.33 45.95 -38.41 -33.24 -0.44 

5 115 30 1.21 18.09 -1.72 -25.15 13.83 

10 100 30 2.70 1.60 -8.64 -4.103 -0.40 

10 115 10 0.98 4.33 0.13 -12.73 3.4 

10 85 20 22.70 54.12 -27.12 -34.66 1.38 

15 115 20 44.44 44.09 -32.95 -32.88 -0.007 

15 85 30 59.46 86.60 -35.48 -38.75 0.45 

15 100 10 9.54 1.50 -19.59 -3.55 -0.84 

Table 5 Response table for signal-noise ratio for EWR 

Parameters level 1 level 2 level 3 Delta Rank 

I -18.98 -11.877 -29.34 17.46 2 

V -26.47 -22.21 -11.51 14.95 3 

Sv -12.08 -32.83 -15.28 20.74 1 

 
Table 6 Average for SN ratio and main effect of EWR with Magnetic 

effect 

Parameters level 1 level 2 
level 

3 
Delta Rank 

I -32.25 -17.16 -25.06 15.08 3 

V -37.25 -13.63 -23.58 23.62 1 

Sv -18.21 -33.60 -22.66 15.38 2 

 

 
                   Figure 2  SN Ratio for different Levels 

 

Table 6 ANOVA of EWR 

Factor 

Degree 

of 

freedo

m 

Sum of 

squares 

Mean 

square 

Contribu

tion 

Contributi

on 

I 2 462.94 231.47 27.61 
sub 

significant 

V 2 356.44 178.22 21.265 significant 

Sv 2 748.32 374.16 44.64 
Most 

significant 

Total 8 1676.191 
  

 

 

Table 7 ANOVA of   EWR in Magnetic   Effect 

Factor 

Degree 

of 

freedom 

Sum of 

squares 

mean 

square 
Contribution Remarks 

I 2 341.55 170.77 20.85 
Sub  

significant 

V 2 843.95 421.97 51.52 
Most 

significant 

Sv 2 376.07 188.03 22.96 significant 

Total 8 1637.92 
  

 

 

 

 

 

VII.  CONCLUSION 

Application of magnetic field in EDM were determined and the 

optimal machining parameters of the magnetic field assisted 

EWR were estimated based on Taguchi method. According to 

the experimental results, and statistical analysis of ANOVA, the 

following conclusions have been drawn. 

The optimal combination levels of machining parameters of 

minimizing EWR were 10A peak current, 100 V voltage, 10 

servo   voltage . 

 The MEWR   was almost small compared to the value 

of EWR. 
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 The Servo Voltage is the significant parameter 

affecting EWR. Whereas voltage is the most significant 

factor effecting   MEWR. 

 The better relative change is obtain at peak current 15, 

100 voltage and 20 servo voltage. 
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