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Micro-drilling of alumina green body with diamond abrasive drills

H. G. Lee, K. G. Bang, P. J. Kim (Mecha. Eng. Dept. KAIST), D. G. Lee (Professor Mecha. Eng. Dept. KAIST)

ABSTRACT

Although ceramic plates with many micro-holes are used as MCP (Micro-channel plate) for electron amplification,
catalytic converters, filters, electrical insulators and thermal conductors in integrated circuits, the drilling of micro-holes in
the ceramics is difficult because of their low thermal conductivity, high hardness and brittleness. Therefore, in this work, the
machining of ceramic green body followed by sintering of green body was employed for fabricating ceramic plates with
many micro-holes. The micro-drilling of alumina green body was performed with diamond abrasive WC drills, and the
cutting force w.r.t. drilling times was measured for the determination of tool life. From the investigation of the wear of
micro-drill tip w.r.t. drilling times, the wear mechanism of tip during micro-drilling of ceramic green body was suggested.
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Fig. 1 Curing cycle for alumina green body
with epoxy binder
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Fig. 2 Photograph of the micro-drilling machine
(a) Spindle, photo sensor and micro-drill
(b) Specimen and tool dynamometer
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L : Length of micro-hole
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Fig. 3 Cutting force of alumina green body
w.r.t. drilling depth
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Fig. 4 Change of cutting force w.r.t. increase of
drilling times
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Fig. 5 Micro-hole before and after Sintering
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Fig. 6 SEM photograph of the micro-drill tip
(a) Fresh micro-drill tip (b) Volume of cut 6 mm®
(c) Volume of cut 68 mm’
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Fig. 7 Change of micro-drill tip w.r.t. drilling times
(b) Volume of cut 9 mm®
(c) Volume of cut 19 mm®  (d) Volume of cut 28 mm’

(a) Fresh micro-drill tip

d

(e)

Fig. 8 wear of an abrasive w.r.t. drillig times

(a) Fresh abrasive
(c) Volume of cut 19 mm

(b) Volume of cut 9 mm’
(d) Volume of cut 28 mm®

3

(e) Volume of cut 38 mm?

Volume of cut Average Maximum
(mm®) height (um) | height (jum)
0 53 9.4
6 5.3 7.2
28 7.3 10.0
68 44 9.8

Table 1 The change of abrasive height w.r.t. drilling times
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Fig. 9 SEM photograph of scratches on the matrix
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Fig. 10 Wear model on the micro-drill tip during
micro-drilling of ceramic green body
(a) Fresh micro-drill tip  (b) Removal of coating layer
(c) Stable state of micro-drilling (d) Removal of abrasives
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