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Abstract - The work piece into consideration i.e. Superni 600 is very difficult to be machined with conventional machining 
processes due to very high hardness of the material. Electrical Discharge Machining (EDM) has been regarded as the best 
method for machining of complex materials with greater values of hardness such as superni 600 super–alloy. In this research 
work, an attempt has been made to machine Superni 600 material with Abrasive Electrical Discharge Machining (AEDM) 
process. Input parameters such as peak current, pulse on time, gap voltage and concentration of abrasives in dielectric fluid 
were taken into account. MRR (Material Removal Rate), TWR (Tool Wear Ratio) and Wear Ratio were regarded as output 
resulting parameter. Taguchi method was employed to plan and design (orthogonal array) experimentation. Results show 
that machining of Superni 600 is possible with EDM technology and all the input parameters have appropriate effect on 
MRR, TWR and Wear ratio of the work piece. 
 
Index terms - EDM, AEDM, MRR (Material Removal Rate), TWR (Tool Wear Ratio), WR (Wear Ratio) and Taguchi 
method.  
 
I. INTRODUCTION 
 
Accuracy is considered as the most important and 
crucial factor while designing a prototype or any 
production part. The level of accuracy therefore acts 
as a reference commodity while manufacturers are in 
a search of a particular material. Same is the case in 
Manufacturing industries. The level of precise and 
accurate material decides its sale and also sets up a 
benchmark for others. Manufacturing processes 
basically involves dealing with complex materials 
with different shapes and composition. This involves 
proper machining operations undertaken keeping in 
mind their different mechanical properties (hardness, 
plasticity, fatigue, ductility) and thermal properties 
(conductivity, thermal expansion, specific heat). 
Since some materials having very high hardness and 
toughness are unable to be processed or machined by 
conventional physical machining methods such as 
grinding, milling, turning etc., therefore a more 
advance method must be employed to machine such 
hard materials. One such complex method is EDM or 
Electric Discharge Machining, also referred to as 
Spark Machining. EDM is regarded as a better and 
more precision machining method than conventional 
machining methods as there is no physical contact 
between work piece and machining tool, therefore 
work piece with much greater hardness and toughness 
can be easily machined. Also, no such relative 
hardness between tool and work piece is taken into 
account, as is done in conventional methods. The 
EDM process is most widely used to make production 
parts especially in aerospace, automobile and 
electronics industry in which production quantities 
are relatively low but require high levels of accuracy.  
EDM process is extensively used for making intricate 
cavities and contours which are otherwise difficult to 

be produced with normal machines like grinders, end 
mills or tools.  

 
Figure 1: Schematic diagram of basic EDM process. 

 
Principle of EDM process 
EDM is a thermal process which makes use of spark 
discharges to erode the material from work-piece 
surface. As shown in figure 1, material is removed 
from the work-piece by a series of rapidly recurring 
current discharges between two electrodes, separated 
by a dielectric liquid and subject to an electric 
voltage. The process depends upon the tool and work-
piece which are not making actual contact. 
 
II. ABRASIVE MIXED ELECTRIC 
DISCHARGE MACHINING (AEDM) 
 
In spite of remarkable process capabilities, limitations 
such as low volumetric material removal and poor 
surface quality are associated with EDM. In the 
recent past, abrasive mixed EDM (AEDM) has 
emerged as one of the advanced techniques in the 
direction of the enhancement of the capabilities of 
EDM.  
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Mechanism of AEDM process 
In this process, a suitable material in fine abrasive 
form is mixed into the dielectric fluid of EDM. The 
spark gap is filled up with additive particles. When a 
voltage of 80–320V is applied between the electrode 
and the work piece facing each other with a gap of 
25–50µm an electric field in the range of 105–107 
V/m is created.  

 

 
Figure 2:  Schematic diagram of AEDM process. 

 
The charged particles are accelerated by the electric 
field and act as conductors. As shown in Figure 2, the 
conductive particles promote breakdown in the gap 
and increase the spark gap between tool and the work 
piece. Under the sparking area, the particles come 
close to each other and arrange themselves in the 
form of chain like structures between both the 
electrodes. The interlocking between the different 
abrasive particles occurs in the direction of flow of 
current. As a result, a ‘series discharge’ get started 
under the electrode area. The faster sparking within a 
discharge takes place causing faster erosion from the 
work piece surface and hence the material removal 
rate (MRR) increases. At the same time, the added 
abrasive modifies the plasma channel. The plasma 
channel becomes enlarged and widened. The sparking 
is uniformly distributed among the abrasive particles, 
hence electric density of the spark decreases. 
 
III. MATERIAL REQUIREMENT OF WORK 
 
Electrode Material 
Conventional copper (Cu99%) is the electrode 
material selected for the present study. 
 
Workpiece Material 
The work piece material selected for the present study 
is a super alloy i.e. Superni-600. Work piece of size 
55 mm× 52 mm× 6.5 mm is used. The chemical 
composition of Superni-600 (super alloy) is shown in 
table 3.1 

 
Elements Percentage 

Weight 
Carbon 0.0860 (%) 
Manganese 0.5700 (%) 

Silicon 0.2600 (%) 
Chromium 14.8900 (%) 
Molybdenum 0.2000 (%) 
Phosphorus 0.120 (%) 
Nickel 76.7700 (%) 
Copper 0.2200 (%) 
Iron 6.8800 (%) 

Table 2.1 
Chemical composition of Superni-800 (super alloy) wt. % 

 
Abrasive powder material  
Titanium is the powder material chosen for the 
investigation. Table 3.2 shows the physical and 
chemical properties of titanium abrasives. 
 

Properties Value 

Color 
Silver Colored 
Lustrous Transition 
Metal 

Density (g/cm3) 4.506 g/cm3 
Specific heat (cal/g/oc) 0.523J/g/oc 
Grain size (micrometer) 0.8197 µm/pix 
Coefficient of thermal 
expansion (F ) 

5.0*10-6 inch per 
inch/oF 

Thermal conductivity (300 
K) 21.9 W/mK 

Electrical resistivity (20°C) 420 n Ω.m 
Melting point (oC) More than 1650 ⁰C 

Table 3.2 
Properties of titanium abrasives 

 
Electrode material 
Copper was used as an electrode material in this 
study. Table 3.3 shows the specifications of electrode 
material. 

 
Specification Value 

Density (g/cm3) 8.96 g·cm−3 
Heat of vaporization 300.4 kJ·mol−1 
Molar heat capacity 24.440 

J·mol−1·K−1 
Heat of fusion 13.26 kJ·mol−1 
Young's modulus 110–128 GPa 
Melting point (°C) 1084.62 °C 
Thermal conductivity 
(W/m/K) 

401 W·m−1·K−1 

Electrical resistivity at 20oC 
(Ω m) 

16.78 nΩ·m 

Poisson ratio 0.34 
Boiling point (°C) 2562 °C 

Table 3.3 
Specifications of electrode material 

 
III. METHODOLOGY OF WORK  
 
Material removal rate (MRR) Measurement 
The material removal rate (material erosion rate) may 
be expressed as material eroded from work-piece per 
unit time. In the present research work MRR of the 
work-piece was measured by dividing the difference 
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of weight of work-piece (measured before and after 
machining with the help of weight balance) against 
the machining time elapsed during machining. After 
completion of each machining process, the work-
piece was properly cleaned to ensure no debris and 
dielectric was present. The following equation is used 
to determine the MRR value: 

 
 
Tool wear rate (TWR) measurement 
The TWR may be expressed as material eroded from 
tool electrode per unit time. In this study TWR of the 
electrode was measured by dividing the difference of 
weight of electrode (measured before and after 
machining with the help of weight balance) against 
the machining time elapsed during machining. After 
completion of each machining process, the electrode 
was properly cleaned to ensure no debris and 
dielectric was present. A precise balance (Citizen CY 
220) was used to measure the weight of the electrode. 
The following equation was used for determine the 
TWR value: 
 

 
 
Wear ratio (WR) measurement 
The WR may be expressed as ratio of wear rate of 
tool and work-piece. It is expressed and calculated 
with the help of following equation:  
                                          

 
 
 
IV. EXPERIMENTATION PLANNING AND 
PROCEDURE 
 
Before starting the experiment work, first step was to 
design the experiments. In the present research work, 
Taguchi design methods are used for this work. 
 
Taguchi method 
Taguchi Method was extensively designed and 
formulated by Dr. Genichi Taguchi of Nippon 
Telephones and Telegraph Company, Japan is 
renowned for his robust parameter design. This 
engineering method for product or process design 
focuses on minimizing variation and/or sensitivity to 
noise and increasing engineering productivity to a 
great extent. It is regarded as one of the best method 
to improve quality and reduce product cost. He 
proposed a method based on “orthogonal array” 
experiments which gives much reduced “variance” 

for the experiment with “optimum settings of control 
parameters. Combination of Design of Experiments 
with optimization of control parameters to obtain best 
results is achieved in the Taguchi Method. 
 
In this particular research work, the selected input 
parameters are listed in table 5.1, the table shows the 
symbol parameters, levels of machining parameters. 
Table 5.2 shows assigned values of machining 
parameters at different levels and assigned values of 
machining parameters (in terms of levels) 
respectively. Similarly, Table 5.3 shows experimental 
combinations of the machining parameters using L18 
orthogonal array (in terms of values) 
    

Symbol 

Machining 
parameter 

Levels and 
corresponding values 
of input machining 

parameters 
Level 

1 
Level 

2 
Level 

3 
A Polarity +ve -ve  B Peak Current 3 6 9 
C Pulse on 

Time 100 150 200 

D Concentration 
of Abrasives 0 3 6 

Table 5.1 
Levels and corresponding values of input machining 

parameters 
 

Exp
. 

No. 

Polarit
y 

(A) 

Peak 
Curren

t 
(B) 

Puls
e on 
Tim

e 
(C) 

Abrasives 
Concentratio

n (D) 
1 1 1 1 1 
2 1 1 2 2 
3 1 1 3 3 
4 1 2 1 1 
5 1 2 2 2 
6 1 2 3 3 
7 1 3 1 2 
8 1 3 2 3 
9 1 3 3 1 
10 2 1 1 3 
11 2 1 2 1 
12 2 1 3 2 
13 2 2 1 2 
14 2 2 2 3 
15 2 2 3 1 
16 2 3 1 3 
17 2 3 2 1 
18 2 3 3 2 

Table 5.2 
Experimental combinations of the machining parameters using 

L18 orthogonal array (In terms of levels) 
 

3 
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Table 5.3 

Experimental combinations of the machining parameters using L18 orthogonal array (In terms of values) 
 
Orthogonal array (OA) 
The Orthogonal Array (OA) based testing is a 
systematic, statistical way of testing. It is also named 
as Pair Wise or Combinatorial testing. The Taguchi 
design of experiment makes use of Orthogonal 
Arrays (OA) to help design the experiment. These are 
a set of tables of numbers, each of which can be used 
to lay out experiments for a number of experimental 
situations. The orthogonal arrays are determined by 
the number of factors and levels considered in the 
process. In this particular research work, one factor 
has two levels and other five factors have three levels. 
L18 orthogonal array is selected. This orthogonal 
array has 6 columns and 18 rows. The experiments 
are to be performed as per the orthogonal array and 
results are noted down in terms of MRR, TWR, WR 
 
Signal-to-Noise (S/N) ratio 
SNR or Signal to Noise ratio is basically the ratio of 
amplitude of desired analog or digital data signal to 
the amplitude of noise in a transmission channel at a 
specific point in time. The goal of the Taguchi 
method is to find control factor settings that generate 
acceptable responses despite natural environmental 
and process variability. In each experiment, 
Taguchi’s design approach employs two designs 
called the inner and outer array. The Taguchi 
experiment is the cross product of these two arrays. 
The noise factors, associated with process or 
environmental variability, form the outer array. 
Taguchi’s signal-to-noise ratios are functions of the 
observed responses over an outer array. Designer is to 
choose from inner and outer array designs, which use 

the traditional Taguchi orthogonal arrays, such as L4, 
L8 and L18 etc. Signal factors are system control 
inputs. Noise factors are variables that are typically 
difficult. The inner array is a design in the signal 
factors and the outer array is a design in the noise 
factors. A signal – to - noise ratio is a statistic 
calculated over an entire outer array. Its formula 
depends on whether the experimental goal is to 
maximize, minimize or match a target value of the 
quality characteristic of interest. 
 
In the present research work: 
 

• Maximum MRR is desired 
• Minimum TWR is desired 
• Minimum WR is desired 

 
Experimentation Procedure 
Tool material i.e. coppers electrode and the 
workpiece material i.e. Superni-600 (super alloy) was 
selected and purchased for initial surface preparation. 
Tool electrode was carefully machined on lathe 
machine in turning and facing processes respectively. 
It was then fixed in the fixtures of the machine 
properly. Superni-600 (super alloy) workpiece 
surface was machined on shaper and finished on 
grinding machine. As per the formulated problem and 
design of experiments (DOE) made with the help of 
Taguchi method, aluminum abrasive powder was 
selected with required/desired grain size abrasives 
and standard EDM oil was purchased for 
experimental work. After selecting all the input 
machining parameters, tool material, workpiece 
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material, and abrasive powder material, dielectric and 
most importantly machine tool next step was to 
execute the experiments. 
 
Firstly, the initial weights of workpiece and tool 
electrode were calculated with the help of weighing 
machine before the actual commencement the 
experiment. After this, the workpiece was fixed on 
the fixture in EDM machine tool in EDM tank.  
Workpiece was tightened properly in order to 
eliminate the movement of the workpiece while 
conducting experiment on it. Similarly, the electrode 
i.e. copper was fixed above the workpiece in the tool 
holder available in the machine. Then according to 
the Design of Experiment (DOE) various input 
machining parameters were set on the EDM machine 
tool with the help of a PLC system. The most 
important thing after selecting the appropriate 
parameters on the EDM machine tool was to set the 
machine to the desired polarity as both options were 
available. After this the position where the cut was to 
be executed was selected by two livers of EDM 
machine tool on both X and Y directions manually. 
Then to maintain a proper gap between the tool and 
the workpiece and to ensure that the suitable spark 
gap occurs and the generated spark removes the 
eroded material, automatic positioning option on PLC 
was pressed. Then gates of the tank surrounding 
workpiece and tool were locked tightly so that the 
tank filled with dielectric does not spill out. Then the 
level to which dielectric was to be filled was properly 
set and then the liver was opened to let in the 
dielectric up to the desired set level after which the 
lever was closed and tank automatically eject the 
extra oil remained in the reservoir if any above 
selected level. 
 

  
Figure 3: Experimentation without additive in machine tank 

 
Then to remove the eroded particles easily as 
explained in the previous chapters, flushing was 
started in the tank from the PLC remote. The exact 
time before starting the experiment was noted down 
and recorded with the help of a stopwatch. Then wait 
until the experiment was finished and the machine 
gets cut off by itself. Then both the tool and 
workpiece were removed from the fixtures and 
cleaned the oil present on these with the help of cloth 
and note down the time elapsed in experiment. Final 
weights of workpiece material and tool electrode 

were measured with the help of weighing machine. 
Hence the first experiment was completed and then 
all the above explained procedure was repeated again 
and again for the next number of experiments 
depending on OA until the polarity doesn’t gets 
changed. After three experiments were performed on 
the positive polarity, next three were to be performed 
on negative as per OA. So, the next three experiments 
all the above explained procedure was same with only 
to switch the polarity to negative from positive by 
adjusting the knob at the backside of the EDM 
machine. 
 
After performing three positive polarity and three 
negative polarity experiments at zero abrasive 
concentration, next experiments were those in which 
additives were to be mixed in the dielectric. For 
performing AEDM experiments a small tank was 
made in the workshop and placed in the working tank 
of EDM machine tool. 
 

 
Figure 4: Experimentation without additive in machine tank 

 
For this work as explained earlier the weights of both 
workpiece and the tool were noted down before the 
experiment and then the aluminum abrasive powder 
was added and mixed in the dielectric oil in small 
tank at the concentration of 6 grams per liter. While 
adding abrasive powder in the oil in small tank, it was 
kept in mind that these particles are mixed thoroughly 
so that no abrasive particles remained settled down on 
the bottom of the tank. An external pump with nozzle 
was placed in the small tank to circulate oil mixed 
with additives properly in the tank. Then the new 
input machining parameters were selected on the 
machine with the help of PLC remote and the 
position of the cut was adjusted by the livers in X and 
Y directions. This time, instead to start flushing from 
PLC remote, it was started externally as an external 
pump was installed in the tank for the circulation. As 
all the settings were finalized, the experiment was 
started by following similar steps as explained earlier. 
All the six experiments of 6g/l abrasive concentration 
were completed and necessary readings were noted 
down properly. Next six experiments were performed 
in the same way by keeping the concentration of 
12g/l. During all AEDM experiments, initial and final 
weight of electrode and work-piece are measured and 
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noted down every time an experiment is performed as 
per the design. Results of AEDM of Superni-600 
(super alloy) at concentrations of 0g/l, 6g/l and 12g/l 
in terms of initial and final readings of work-piece 
weight, electrode weight and time elapsed in cutting 
operation. 
 
V. EXPERIMENTAL RESULTS AND 
DISCUSSIONS 
 
Abrasive mixed Electric Discharge Machining 
experiments (as discussed in chapter 4) were 
conducted by drilling blind holes in Superni-600 
(super alloy) workpiece using a cylindrical copper 
electrode on Electronica ZNC-EDM machine. The 
experimental trials of AEDM of Superni-600 (super 
alloy) involved four machining parameters/factors. 
These four factors were polarity, peak current, pulse 
on time and concentration of abrasives in dielectric 
fluid. They are labelled A, B, C, and D respectively. 
Out of these four factors, one factor namely polarity 
is varied at two levels; Level 1 and level 2. Other 
three factors namely peak current, pulse on time and 
concentration of abrasive varied at three levels; Level 
1, Level 2 and Level 3.  
The machining responses that were investigated are 
MRR, TWR and WR. The experimental plans for 
AEDM process were based on Taguchi method and 
the performance of AEDM of Superni-600 (super 
alloy) is described using Minitab software. Results 
obtained from the experiments are discussed in the 
subsequent sections.  
Response table  
The values obtained for various response parameters 
(MRR, TWR and WR) in terms of experimental 
results are tabulated in table 6.1. 

 
Exp 
No. 

Response 1 
MRR 

(g/min) 

Response 2 
TWR 

(g/min) 

Response 3 
WR 

 
1. 0.000191 0.0007 0.273 
2. 0.0456 0.0007 65.143 
3. 0.0271 0.0107 2.533 
4. 0.1975 0.0090 21.944 
5. 0.0951 0.0003 317.000 
6. 0.0599 0.0011 54.455 
7. 0.1956 0.0043 45.488 
8. 0.1858 0.0019 97.789 
9. 0.1809 0.0054 33.500 

10. 0.00152 0.00014 10.857 
11. 0.00156 0.00037 4.216 
12. 0.00082 0.00015 5.467 
13. 0.00289 0.00093 3.108 
14. 0.00128 0.00033 3.879 
15. 0.0021 0.00037 5.676 
16. 0.0034 0.00079 4.304 
17. 0.00125 0.00079 1.582 
18. 0.00454 0.00083 5.470 

Table 6.1 
Experimental results for AEDM of Superni-600 (super alloy) 

 
ANALYSIS AND DISCUSSION 
 
The results from the Table 6.2 were then put to the 
Minitab software for further analysis. ANOVA tables 
are used to summarize the experimental results. The 
table concludes information of analysis of variance 
and case statistics for further interpretation. After the 
ANOVA procedure, further analysis was performed 
in graphic plots. The scatter plots of output response 
parameters are drawn to observe their variation 
against input machining parameters.  

 
Analysis of material removal rate (Larger is Better) 
Taguchi method is used to analyze the result of MRR for larger is better criteria. The analysis of variance for 
Means for MRR (larger is better) is shown in Table 6.2. 
 

Source DF Seq SS Adj SS Adj MS F P 

Polarity (A) 1 3628.0 3628.0 3628 12.59 0.024 

Peak Current (B) 2 1095.0 1095.0 547.52 1.90 0.263 

Pulse on Time 
(C) 2 74.07 66.79 33.39 0.12 0.893 

Concentration of 
Abrasives (D) 2 226.50 226.50 113.25 0.39 0.699 

Polarityx 
Concentration of 

Abrasives 
2 81.35 5.55 2.78 0.01 0.990 

Currentx 
Concentration of 

Abrasives 
4 490.31 490.31 122.58 0.43 0.786 
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Residual Error 4 1152.9 1152.9 288.24   

Total 17 6748.3     
Table 6.2 

Analysis of variance for means for MRR (Larger is Better) 
 

Response for means for MRR (Larger is better) are shown in table 6.3. From the delta values and the rank 
assigned to various input parameters and by considering the case “MRR: larger is better”, it is clear that Polarity 
is the most significant factor and Pulse On Time is the least influencing factor.   
 

Level Polarity 
(A) 

Peak Current 
(B) 

Pulse on Time 
(C) 

Abrasives Conc. 
(F) 

1 -26.13 -51.13 -43.19 -45.18 
2 -54.52 -36.86 -38.99 -36.80 
3  -32.99 -38.80 -39.00 

Delta 28.39 18.14 4.40 8.38 
Rank 1 2 4 3 

Table 6.3 
Response table for means for MRR (Larger is Better) 

 
MRR is analyzed for larger is the better criteria. Main effects plot for means of MRR are shown in Figure 5.1. 

-v e+ v e

-3 0

-3 6

-4 2
-4 8

-5 4
963

2 0 01 5 01 0 0

-3 0

-3 6
-4 2

-4 8

-5 4
630

P o la rit y

M
ea

n 
of

 S
N 

ra
tio

s

Cu rre n t

P u lse  o n  t im e C o n c e n t rat io n  o f  A b ra ss iv e

M a i n  E f f e c ts  P l o t  fo r  S N  r a t i o s  M R R
Da ta  M e a ns

 
Figure 5.1 Main effects plot for means (MRR) 

 
The criterion of MRR (Larger is Better) is satisfied by different input machining parameters as per their values 
shown in table 6.4. 
  

Factor Polarity Current Pulse on time Abrasives Concentration 
Value +ve 9 A 200 µs 3 g/l 

Table 6.4 
Values of input parameters at maximum MRR 

 
From figure 5.1, it is clear that MRR is more for positive polarity as compare to MRR obtained using negative 
polarity. In positive polarity, small mass electrons with high velocity strike the work-piece with heavy 
momentum and with high energy which causes more erosion. But in the negative polarity, heavy mass ions flow 
towards the work-piece and strike it with less momentum which erodes less material from work-piece and hence 
less is the MRR. MRR increases with increase in peak current. This is expected because an increase in peak 
current produces strong spark, which produces the higher temperature, causing more material to melt and erode 
from the work piece. It is well known fact that the spark energy increases with pulse on time and hence, MRR 
increases with pulse on time in the range of other than 100 µs to 200 μs. With the addition of abrasives into the 
dielectric fluid, MRR increases significantly and then decreases slightly. Addition of abrasives in the dielectric 
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fluid enlarges and widens the spark gap size. Due to this the discharge occurs early in the spark gap. Increased 
frequency of discharges per pulse causes more erosion of material from work surface and hence MRR increases.  
 
Analysis of tool wear rate (Larger is better) 
Taguchi method is used to analyze the result of TWR for Smaller is better criteria. The analysis of variance for 
Means for TWR (Larger is better) is shown in Table 5.5. 
 

Source DF Seq SS Adj SS Adj MS F P 
Polarity (A) 1 847.90 847.9 847.9 6.4 0.05 
Peak Current (B) 2 261.15 261.1 130.6 0.9 0.45 
Pulse on Time (C) 2 155.51 50.52 25.26 0.2 0.84 
Concentration of 
Abrasives (D) 2 80.35 80.35 40.17 0.3 0.76 

PolarityxConcentration 
of Abrasives 2 84.43 150.7 75.36 0.6 0.61 

CurrentxConcentration 
of Abrasives 4 170.52 170.5 42.63 0.3 0.85 

Residual Error 4 534.46 534.4 133.6   
Total 17 2134.3     

Table 6.5 
Analysis of variance for means for TWR (Larger is Better) 

 
Response for means for TWR (Larger is better) is shown in table 6.6. From the delta values and the rank 
assigned to various input parameters and by considering the case “TWR: Larger is better”, it is clear that 
Polarity is the most significant factor and Pulse On Time is the least influencing factor. 
 
TWR is analyzed for Larger is better criteria. Main effects plot for means of TWR are shown in Figure 5.2. 

 

evel Polarity 
(A) Peak Current (B) Pulse on Time 

(C) Abrasive Conc. (F) 

1 53.70 64.63 58.52 58.11 
2 67.42 61.57 64.72 63.27 
3  65.47 58.44 60.29 

Delta 13.73 9.16 6.27 5.15 
Rank 1 2 3 4 

Table 6.6  
Response table for means for TWR (Larger is better) 
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 Figure 5.2 Main effects plot for means (TWR) 
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The criterion of TWR (Larger is better) is satisfied by different input machining parameters as per their values 
shown in table 6.7. 
 

Factor Polarity Current Pulse on time Abrasive conc. 
Value +ve 9 A 100 µs 0 g/l 

Table 6.7 
Values of input parameters at minimum TWR 

 
TWR is less when conducting the experiments at positive polarity as compare to TWR at negative polarity. 
TWR decreases when peak current increases from 3A to 9A. It is because the formation of carbon layer with 
increase in peak current around the tool electrode decreases it’s wear rate. TWR increases with increase in Pulse 
on Time up to 150µs and then decreases with further increase in Pulse on Time. It is due to the reason that with 
increase in Pulse on Time Plasma Channel expands at high Pulse on Time and Energy density of discharging 
spots decreases which is not enough to melt the tool material and hence rate of tool wear lowers down. TWR 
increases firstly, and then decreases at higher concentration of abrasives because as the concentration of 
abrasives increases in the dielectric fluid, the ions carry the abrasive particles along with them towards the 
electrode surface hit the electrode more vigorously. But at higher concentrations less TWR is observed because 
higher concentration of abrasives hinders the striking velocity of ions and hence less wear of tool electrode. 
 
Analysis of wear ratio (Larger is better) 
Taguchi method is used to analyze the result of WR for Smaller is better criteria. The analysis of variance for 
Means for WR (Larger is better) is shown in Table 6.8. 
 

Source DF Seq SS Adj SS Adj MS F P 
Polarity (A) 1 968.1 968.1 968.13 3.46 0.036 

Peak Current (B) 2 422.2 422.2 211.11 0.75 0.527 
Pulse on Time (C) 2 327.8 165.0 82.49 0.29 0.760 
Concentration of 

Abrasives (D) 
2 559.7 559.7 279.85 1.00 0.444 

PolarityxConcentration 
of Abrasives 

2 220.1 171.2 85.60 0.31 0.752 

CurrentxConcentration 
of Abrasives 

4 224.3 224.3 56.08 0.20 0.926 

Residual Error 4 1119.6 1119.6 279.90   
Total 17 3841.8     

Table 6.8 
Analysis of variance for means for WR (Larger is Better) 

 
Response for means for WR (Larger is better) is shown in table 6.9. From the delta values and the rank assigned 
to various input parameters and by considering the case “WR: Larger is better”, it is clear that Polarity is the 
most significant factor and Pulse On Time is the least influencing factor.    
 

Level Polarity 
(A) Peak Current (B) Pulse on Time 

(C) 
Abrasive conc. 

(F) 

1 27.57 13.51 15.32 12.94 
2 12.90 24.71 25.73 26.47 
3  22.47 19.65 21.29 

Delta 14.67 11.21 10.40 13.53 
Rank 1 3 4 2 

Table 6.9 
Response table for means for WR (Larger is Better) 

 
WR is analyzed for larger is the better criteria. Main effects plot for means of WR are shown in Figure 5.3. 
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Figure 5.3 Main effects plot for means (WR) 

 
The criterion of WR (Larger is better) is satisfied by different input machining parameters as per their values 
shown in table 6.10  
 

Factor Polarity Current Pulse on time Abrasives Conc. 

Value +ve 6 A 150 µs 3 g/l 
Table 6.10 

Values of input parameters at minimum WR 
 
WR at positive polarity is more than the WR at negative polarity. This is due to the reason more MRR at 
positive polarity and lesser at the negative polarity. Moreover, Less TWR at positive polarity and more TWR at 
negative polarity. With regard to peak current, the variation of curve signifies that wear ratio increases as the 
Pulse on Time increases up to 150µs. It is due to the reason that with increase in Pulse on Time more heat is 
generated and more time for sparking. WR is less for the plain dielectric fluid and it increases upto 
concentration of abrasives 3g/land then decreases with further increase in concentration of abrasives upto 6 
g/lµs. WR is less for the plane dielectric fluid and it increases as the concentration of abrasives increases in 
EDM oil. It is due to significant improvement in MRR with concentration of abrasives. But as the 
concentrations are increased beyond a certain limit, the WR decreases, because very large number of abrasives 
hinders the path of ions movement causing less material erosion rate. 
 
Optimization in AEDM of SUPERNI-600 (SUPER ALLOY)  
In the present research work, the desired responses taken for optimization are: 

• MRR (maximization) 
• TWR (maximization) 
• WR (maximization) 

 
The desired goals of these responses and obtained values of input machining parameters from experimental 
results satisfying these response conditions are shown in table 6.12 

 

Response Goal Polarity Peak Current 
(A) 

Pulse on 
Time(µs) 

Abrasives Conc. 
(g/litre) 

MRR 
(g/min) Max. +ve 9 200 3 

TWR 
(g/min) Min. +ve 9 100 0 

WR Max. +ve 6 150 3 
Table 6.12 

Desired goals of responses and optimum values of input Parameters 
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Confirmation Experiments 
Conformation experiments were performed keeping the input parameters as per table 6.12 for MRR, TWR and 
WR. Table 6.13 shows the results of the confirmation experiments and their comparisons with the predicted 
values given by Minitab software. 
 

Response Parameter Predicted Actual Error % 

MRR 
(g/min) 0.1998 0.1840 7.9 

TWR 
(g/min) 0.00011 0.00012 6.7 

WR 319.002 292.524 8.3 
Table 6.13 

Confirmation test results 
 
It is observed that the error between the predicted value and actual value is small (within 10%). This confirms 
the reproducibility of experimental conclusions. 

 
CONCLUSION 
 
On the basis of present experimental study, following 
conclusions can be drawn regarding the effect of 
input machining parameters (Polarity, peak current, 
pulse on time and concentration of abrasives in 
dielectric fluid) on the response parameters (MRR, 
TWR, WR). 
1. MRR (material removal rate) is high and tool 

wear rate is low when conducting the 
experiments at positive polarity. It is one of the 
desirable features in machining. 

2. With increase in peak current MRR (material 
removal rate) increases due to predominant 
increase in spark energy. 

3. Appropriate dielectric contamination with 
abrasive particles increases gap distance leading 
to increase in spark frequencies. This improves 
MRR and hence productivity.  

4. TWR (Tool wear rate) increases slightly with the 
inclusion of abrasive particles in the dielectric 
fluid. It may be due to the reason that ions carry 
the abrasive particles along with them towards 
electrode surfaces hit the electrode surface more 
vigorously. But it is seen that TWR (Tool wear 
rate) decreases with the increase in concentration 
of abrasives beyond a certain limit because more 
particles in the fluid hinders the passage of ions 
and electron transfer and hence reduces their 
hitting velocity. 
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