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ABSTRACT

In this work, optimization problem for AISI D3 material has been solved to satisfy requirements

of productivity in EDM operation. Experiments on die sinking EDM have been conducted using
L16 orthogonal array design using various process control parameters like discharge current (Ip),
pulse on time (Ton), pulse off time (Toff) and spark gap (SG) which are varied in four different
levels. Material Removal Rate (MRR) and surface roughness (Ra) has been measured for each
experimental run. Problem has been formulated in maximization of MRR (in order to increase
productivity) and minimization of Ra. Taguchi method is used for Design of experiment.
Optimum values of process parameters are obtained using grey relational analysis method.
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INTRODUCTION

Electric discharge machining is a thermo-electric non-traditional machining process. Material is
removed from the work piece through localized melting and vaporization of material. Electric
sparks are generated between two electrodes when the electrodes are held at a small distance
from each other in a dielectric medium and a high potential difference is applied across them.
Localized regions of high temperatures are formed due to the sparks occurring between the two
electrode surfaces. Work piece material in this localized zone melts and vaporizes. Most of the
molten and vaporized material is carried away from the inter-electrode gap by the dielectric flow
in the form of debris particles. To prevent excessive heating, electric power is supplied in the
form of short pulses. Spark occurs wherever the gap between the tool and the work piece surface
is smallest. After material is removed due to a spark, this gap increases and the location of the
next spark shifts to a different point on the work piece surface. In this way several sparks occur
at various locations over the entire surface of the work piece corresponding to the work piece-
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tool gap. Because of the material removal due to sparks, after some time a uniform gap distance
is formed throughout the gap between the tool and the work piece.

EXPERIMENTAL SETUP

Figure01l. EDM machine

For this experiment the whole work is done by using Electric Discharge Machine, model
ELECTRONICA- ELECTRAPULS PS 50ZNC (die-sinking type), having provision of
programming in the Z-vertical axis and manually operated X and Y axes. The tool is made of
cathode and the work piece as anode. Commercial grade EDM oil (specific gravity= 0.763 kg/
m?), freezing point= 94°C) was used as dielectric fluid with lateral flushing (pressure of 0.3
kgf/cm?2) system for effective flushing of machining debris from working gap region. The pulsed
discharge current was applied in various steps in positive mode.

DESIGN OF EXPERIMENT

Design of Experiments (DOE) refers to planning, designing and analyzing an experiment so that
valid and objective conclusions can be drawn effectively and efficiently. In performing a
designed experiment, changes are made to the input variables and the corresponding changes in
the output variables are observed. The input variables are called resources and the output
variables are called response.

Input variables: Discharge current (Ip); Spark on time (Ton); Spark off time (Toff); Spark gap
(8G)

Response Variables: Material removal rate(MRR), Surface Roughness (Ra)
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TAGUCHI METHOD

Taguchi Method is developed by Dr. Genichi Taguchi, a Japanese quality management
consultant. The method explores the concept of quadratic quality loss function and uses a
statistical measure of performance called Signal-to-Noise (S/N) ratio. The S/N ratio takes both
the mean and the variability into account. The S/N ratio is the ratio of the mean (Signal) to the
standard deviation (Noise). The ratio depends on the quality characteristics of the
product/process to be optimized. The standard S/N ratios generally used are as follows: -
Nominal is Best (NB), Lower the Better (LB) and Higher the Better

Exp. No. Ip Ton Toff SG
(A) (ns) (ns) (mm)
1 3 40 5 0.05
2 3 50 6 0.1
3 3 60 7 0.15
4 3 70 8 0.2
5 d 40 6 0.15
6 7 50 5 0.2
7 7 60 8 0.05
8 i 70 7 0.1
i 11 40 7 0.2
10 11 50 8 0.15
11 11 60 5 0.1
12 11 70 6 0.05
13 15 40 8 0.1
14 15 50 7 0.05
15 15 60 6 0.2
16 15 70 5 0.15

Table 1. L6 Orthogonal Array
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EXPERIMENTAL RESULTS
Exp. | Ip | Ton | Toff | SG | Time Density MRR Ra
No. | (A) | (us) | (us) | (mm) | (min) (gm/mmS) (mm3/mim) Value
1 3 40 5 0.05 5 0.00765 3.9215 2.603
2 3 50 6 0.1 5 0.00765 4.6143 3.656
3 3 60 7 0.15 5 0.00765 5.6143 4311
4 3 70 8 0.2 5 0.00765 7.8300 5.026
5 7 40 6 0.15 5 0.00765 22.4183 5.594
6 7 50 5 0.2 5 0.00765 255555 4.817
7 7 60 8 0.05 5 0.00765 26.1568 3.975
8 7 70 7 0.1 5 0.00765 27.7124 3.124
9 11 | 40 7 0.2 5 0.00765 28.4967 5.606
10 | 11 | 50 8 0.15 5 0.00765 32.6797 4.352
11 11 | 60 5 0.1 5 0.00765 36.0784 5.876
12 11 | 70 6 0.05 5 0.00765 38.1895 5.175
13 15 | 40 8 0.1 5 0.00765 30.5882 6.346
14 | 15| 50 7 0.05 5 0.00765 36.8627 6.746
15 15 | 60 6 0.2 5 0.00765 39.8039 5.124
16 15 | 70 5 0.15 5 0.00765 40.5882 5.840

Table 2 Experimental results
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GREY RELATIONAL ANALYSIS METHOD

This method gives the common optimum values for material removal rate and surface roughness.

M ain Effects Plot (data means) for S/N Ratio
Ip Ton
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Figure02 Graph 1 S/N Ratio plot of overall grey relational grade

CONFIRMATORY EXPERIMENTS

Optimal setting
Prediction Experiment
Level of factors Ip2, Tony, Toff;, SG, Ip2, Tony, Toff;, SG,
S/N ratio -1.2016 -0.8949
Overall grey relational grade 0.8708 0.9021

Table 3 Results of confirmatory experiment
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CONCLUSIONS

In the present study the effect of machining parameters on MRR and surface roughness (Ra) for
material AISI D3 using the cylindrical shaped copper tool with side flushing system have
investigated for EDM process.

Discharge current and Spark on time are the most influencing factors. MRR increases with the
increase in discharge current (Ip) and Spark on time. While machining the material AISI D3, the
industrialist can directly use the optimum values so that the material removal rate will be
maximum and Ra value will be minimum. This will save the time required for machining,
improve surface roughness save the electrical power consumption, reduce labor cost, etc
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