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Optimization of Performance Using Taguchi Method and Grey Relational
Analysis in Micro-EDM Using Copper Electrode
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Electro discharge machining (EDM) is one of the most frequently used processing methods for machining conductive
materials. Taguchi method combined with Grey relational method has been used to accommodate requests for multiple
object functions in the EDM process. In the present study, an attempt was made to determine optimum parameters for
minimum size of hole and number of shots. The size of the hole is related to the quality of the hole while the number of
shots affects machining time. Grey relational analysis was used to determine optimal machining parameters. Electrode
length and unit discharge were found to be the most significant parameters. Optimal conditions were: pulley position of
39 mm, voltage of 120 V, a capacitance of 1500 pF, and a resistance of 500 2 In experiments, such electrical conditions
(voltage, capacitance, and resistance) generated electrical energy of 10 uj. Under these conditions, a micro hole of
184.9 um in average diameter could be machined with 16 shots.

NOMENCLATURE

n=S/N ratio

o= Confidence limits

of = Mean squared error

ny = Effective number of experiments
7(x:,(k),x:f(k)) = Grey relational coefficient
#x.x;) = Grey relational grade
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Fig. 1 Schematics of experimental set up for EDM
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(a): Pulley position
(b): Electrode length

Fig. 2 Schematics of the rotating main spindle for EDM

Table 1 Experiment combination for control factor

Voltage Capacitance

Resistance  Unit discharge

N W (oF) ©@  energy (W)
1 100 1500 500 7.5
2 120 1500 500 10
Table 2 L8 Experimenter’s log
Pulley position  Electrode length Experil.n.ental
(mm) (mm) condition
(from Table 1)
1 345 15 No.1
2 34.5 10 No.2
3 36 15 No.1
4 36 10 No.2
5 37.5 15 No.2
6 37.5 10 No.1
7 39 15 No.2
8 39 10 No.1

Table 3 Experimental results of shot number and radius
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Pulle()lfn ;:g)sition Electr((;(li;;ength E’Z‘(’)ﬁﬁi‘fl Shot number Radius Ss/lll\(I) tRjzg bfzrr S/NraR;tlilcs) for
(No.)
1 34.5 15 1 12.7 214.8 22.1 -46.6
2 345 10 2 213 195.0 -26.6 -45.8
3 36 15 1 163 226.9 243 47.1
4 36 10 2 27.3 194.2 -28.7 45.8
5 37.5 15 2 21.7 203.4 26.7 -46.1
6 37.5 10 1 27.7 193.1 -28.8 45.7
7 39 15 2 8.7 204.8 -18.8 -46.2
8 39 10 1 2 198.4 -26.6 -46.0
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Table 4 Analysis of variation for shot number data

Experimental factor ~DOF Sum of Mean F
squares square
Pulley position 3 29.52 9.84 22
Electrode length 1 46.12 46.12 10.4
Experimental 1 0.18 0.18 0.04
condition
Error 2 8.90 4.45
Sum 8 84.72
Table 5 Analysis of variation for radius data
Experimental DOF Sum of Mean F
factor squares square
Pulley position 3 0.27 0.09 248
Electrode length 1 1.06 1.06 29.52
Experimental | 027 027 7.39
condition
Error 2 0.07 0.04
Sum 8 1.67

Main effect plot for signal-to-noise ratio
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Fig. 3 S/N ratio for each factor of shot number
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Table 6 Number of shots and radius at optimum conditions

No. 1 No. 2 No. 3 Average
Shot number 14 15 19 16
Radius (um) 184.9 178.0 191.7 184.9
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Table 7 Experimental result after normalization process

Shot number Radius
(pm)

1 0.789 0.359
2 0.333 0.945
3 0.596 0
4 0.018 0966
3 0316 0.694
6 0 1
7 ! 0.652
8 0.298 0.843

Table 8 Calculated Grey relational coefficient and grade

Grey relational coefficient Grey relational

Shot number Radius grade
1 0.704 0.438 0.544
2 0.429 0.902 0.712
3 0.553 0.333 0.421
4 0.337 0.937 0.697
5 0.422 0.621 0.541
6 0.333 1.000 0.733
7 1.000 0.590 0.754
8 0.416 0.761 0.623

Table 9 Analysis of variation for Grey relational grade
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