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Fabrication of Micro Tool Electrode for Machining Micro Structures using
Wire Electrical Discharge Grinding(WEDG)

Sung-Jun Park*, Hyun-Min Ahn', Kyo-Seung Lee™

| Abstract }

Micro EDM process is generally used for machining microholes, cavities, and three dimensional shapes. For
machining micro structures, first of all, micro tool electrode 1s indispensable and WEDG system 1s proposed for tool
fabrication method. When using WEDG, its machining characteristics are highly affected by many EDM parameters
such as applied voltage, current, rotation speed, capacitance, and pulse duration. Therefore, the design of experiment
is introduced to fully understand the effect of the EDM parameters on machining tool electrode. And an attempt has
been made to develop the mathematical model for predicting the size of the tool electrode by calculating spark distance.
The suggested model was verified with experiment and predicted working gap distance is in good accord with the
measured value.
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Table 2 Capacitors and resistors used in EDM circuit

. 1 10 30 50 75
capacitor (pF)
100 | 500 | 680 | 1000 | 5000
resistor (52} 100 | 200 | 300 | 500 | 1000
Command & feedback
(a) Motion
> control
PC
EDM
WEDG system circuits
Electrode
it Workpiece
|

Fig. 4 Schematic diagram of EDM machine
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Table 3 Experimental results

No A B C D E GD
b (A) (us) | (uw/s) | (rpm) | (um)
1 100 0.5 1 0.94 100 18.59
2 100 0.5 3 1.88 300 23.36
3 100 0.5 5 3.77 500 26.81
4 100 0.34 1 1.88 300 17.61
5 100 0.34 3 377 500 21.96
6 100 0.34 5 0.94 100 21.44
7 100 0.2 1 3.77 500 15.21
8 100 0.2 3 0.94 100 20.43
9 100 0.2 5 1.88 300 18.63
10 500 0.5 1 1.38 500 17.32
11 500 0.5 3 3.77 100 24.85
12| 500 0.5 5 0.94 300 23.19
13 500 0.34 1 3.77 100 20.65
14 500 0.34 3 0.94 300 25.58
15 500 0.34 5 1.88 500 23.35
16 500 0.2 1 0.94 300 204
17 500 0.2 3 1.88 500 20.81
18 500 0.2 5 3.77 100 21.68
19| 1000 0.5 1 3.77 300 17.24
20| 1000 0.5 3 0.94 500 23.56
21| 1000 0.5 5 1.88 100 22.63
22 1000 0.34 1 0.94 500 20.52
23| 1000 0.34 3 1.88 100 24.89
24 | 1000 0.34 5 377 300 26.28
25| 1000 0.2 1 1.88 100 18.48
26| 1000 0.2 3 3.77 300 20.26
27| 1000 0.2 5 0.94 500 18.86
Table 4 ANOVA table
Factor S [} A\ Fy
A 10.80 2 5.40 2.05
B 48.12 2 24.05 9.15*
C 108.90 2 54.45 20.70**
D 3.61 2 1.80 0.69
E 1.69 2 0.84 0.32
AxB 27.98 4 6.99 2.66
BxC 3.02 4 4,78 "1.82
AxC 19.12 4 0.75 0.29
e 10.52 4 2.63
T 233.78 26




Table 5 ANOVA table after pooling

Factor S ® A" Fo p (%)
A 10.80 2 5.40 2.28 4.61
B 48.12 2 24.05 10.13 20.57
C 108.90 2 5445 | 2294 | 46.58

AxB | 27.98 4 6.99 2.95 11.96
e 37.97 16 2.37 16.24
T 233.78 26 100
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Table 6 Model verification

A B C D E Predict | observed
®F) | (A) | (s) |(mo's) GD(zm) | GD(zm)
100 | 0.1 1.2 ‘ 15.91 15.58
100 | 0.125 | 2.8 | 1.88 | 300 13.86 15.66
100 | 0.178 2 15.63 16.96

Table 7 Predicted and observed gap distance(zim)

No| observe predict | No | observe predict
1 18.59 18.04 15 2335 23.77
2| 2336 23.54 16 20.4 17.78
3| 2681 24.68 17| 20.81 19.96
4 17.61 17.81 18| 21.68 20.82
51 2196 2252 19| 1724 20.47
6| 2144 2355 |20 23.56 2342
7 15.21 1605 |21 | 2263 24.45
81 2043 19.16 [ 221 2052 2042
9 18.63 1999 |23 2489 22.53
10 1732 19.09 | 24| 2628 23.61
11| 2485 23.78 |25 1848 18.92
12; 23.19 2473 26| 2026 20.61
13| 20.65 18.98 27 18.86 21.38
14| 25.58 22.70
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Fig. 7 SEM image of fabricated micro tools
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