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Distortion of the Bottom Surface in Micro Cavity Machining Using MEDM

Jong Hoon Lim", Shi Hyoung Ryu”, Sung Uk Je" and Chong Nam Chu™”

ABSTRACT

As mechanical components are miniaturized, the demand on micro die and mold is increasing. Micro mechanical

components usually have high hardness and good conductivity. So micro electrical discharge machining (MEDM) is an

effective way to machine those components. In micro cavity fabrication using MEDM, it is observed that the bottom

surface of cavity is distorted. Electric charges tend to be concentrated at the sharp edge. At the center of the bottom
surface, debris can not be drawn off easily. These two phenomena make the bottom surface of the electrode and
workpiece distort. As machining depth increases, the distorted shape of electrode approaches hemisphere. This process is

affected by capacitance and the size of electrode. By using a smaller electrode than the desired cavity size and appropriate tool

movement, bottom shape distortion can be prevented.
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Fig. 1 The distorted shape of bottom surface. (304 SS,
WC electrode, 128 X 128 X 100 um3 cavity)
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Table 1 Machining condition

Electrode wC
Workpiece 304 SS
Voltage 100V
Dielectric fluid Kerosene
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Fig. 3 Electrical discharge circuit
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Table 2 Bottom surface distortion according to tool

rotation and capacitance

Capacitance Rotation No rotation
50 pF 0] 0]
500 pF 0] 0
1000 pF O X
3000 pF X X

Table 3 Machining results according to tool rotation and
capacitance

. Rotation No rotation
Capacitance . . . .

(time, size) (time, size)

395.76 sec 587.79 sec

50 pF ’ ’

P ¢ 105 pm ¢ 108 um

114.35 sec, 385.19 sec,

500 pF ¢ 110 um 114 um

113.82 sec 485.74 sec

1000 pF ’ ’

P ¢ 112 pm $ 109 pum

114.30 sec 446.82 sec

3000 pF ’ ’

00p o111 pm ¢ 112 pm
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(a) rotation, ¢ 112 pm cavity (b) without rotation, ¢ 109
pum cavity
Fig. 4 Bottom surface with and without tool rotation.
(1000 pF, 100 um machining depth)

() rotation, ¢ 111 pm cavity (b) without rotation, ¢ 112
pum cavity
Fig. 5 Bottom surface with and without tool rotation.
(3000 pF, 100 pm machining depth)
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(d) 3000 pF

Fig. 6 Bottom surface with square electrode.
(100X 100 um?)

Table 4 Electrode wear according to tool size and
capacitance (pm)

Capacitance 50X 50 um’ 100 X 100 pum®
100 pF 35.05 23.01
500 pF 22.95 17.29
1600 pF 11.90 10.98
3000 pF 10.86 9.95

Table 5 Bottom surface distortion according to tool size
and capacitance

Capacitance 50X 50 pm? 100 X 100 pm?
100 pF O O
500 pF A O
1000 pF X O
3000 pF X X
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(a) 50 pF, ¢ 115 pm
cavity, 652.95 sec
machining time

(b) 500 pF, ¢ 119 pm
cavity, 170.26 sec
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(c) 1000 pF, ¢ 125 pm  (d) 3000 pF, ¢ 110 pm

cavity, 161.45 sec
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cavity, 132.25 sec
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Fig. 7 Bottom surface according to capacitance
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(a) 20 pm machining (b) 40 pm machining
depth, 145.79 sec

machining time

depth, 61.23 sec

machining time

(c) 60 pm machining
depth, 287.64 sec
machining time

(d) 80 pm machining
depth, 549.85 sec
machining time
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(e) 100 pm machining depth,
852.07 sec machining time

Fig. 8 Bottom surface according to machining depth
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(b) boundary of bottom surface

Fig. 9 EDS spectra of bottom surface at 20 pm

machining depth
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(a) before machining (b) growth of corner wear

(d) distortion of bottom surface
and wear of electrode center

(c) piling up of debris
at bottom surface
Fig. 10 Changes of electrode shape and bottom surface as
machining progresses
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(a) 20 pm machining depth

(c) 60 pm machining depth

(d) 80 pm machining depth

(e) 100 um machining depth

Fig. 11 Bottom shapes of electrode and machined cavity
according to machining depth
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(a) first step

(b) second step

Fig. 12 Method for prevention of bottom surface

distortion

Fig. 13 Micro cavity without bottom surface distortion.

92.0X 93.7 um? cavity, 100 um machining depth,
ty

and 479.1 sec machining time)

5. d8
oA 3 gl A s 27 34 WSE
2agozs el 7FE Al viebd Aol of
95 a9 A58 naAR o9 A2
& AR B A4S B3 ¥ HEL o
=3 2o

197

} o]l 3ue ¢Asrt oS we AYPdd
4) A=staxt s WA AHEEY 70 ~ 80 %
A719 AFeoz uad 3] dojuA Be w

& FAETN B4 AL @ Fol, RS F4
goz niRy 32 gozH AuEe Ed
A2 $AEA vid B2 Al WA 7
sahelet.
% 7|

B A7E AR FAARATY A

A7 Aol s FARAAS .
A3 28

1. Sato, T., Nontraditional Machining, Yokendo, Tokyo,
1994,

Masuzawa, T., Fujino, M., Kobayashi, K., “Wire
Electro-Discharge Grinding for Micro Machining,”
Annals of the CIRP, Vol. 34, pp. 424-431, 1985.

Kim, G. M., Kim, B. H., and Chu, C. N., “Machining
Rate and Electrode Wear Characteristics in Micro-
EDM of Micro-Holes,” Journal of the Korean Society
of Precision Engineering, Vol. 16, No. 10, pp. 94-100,
1999.

Kunieda, M., “Challenges in EDM Technology,” Int.
J. Japan Soc. Prec. Eng., Vol. 33, pp. 276-282, 1999.
Yu, Z., Masuzawa, T., and Fujino, M., “3-D Micro-
EDM with Simply Shaped Electrode (2nd Report),”
Journal of the Japan Society of Electrical Machining
Engineers, Vol. 31, pp. 14-22, 1997.



