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Micro-Hole Machining for Ceramic Using Ultrasonic Machining
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Fig.1 Compact 500W machine and principle of USM
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Table 1 Experiment Conditions
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Items Type
Frequency (kHz) 20
Ultrasonic Unit Feed rate (um/s) 1.7,25,5
Air Pressure (kPa) 50
Abrasive material Aluminum Oxide #1000
Slurry ratio . . .
(abrasive : water) 11,12 13
Tool Material (®) | Hard metal(1 mm)
Length (mm) | 7.5, 125, 175
Workpiece Alumina ceramics(Al,03 96%):0.5T
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Table 2 Four factors and three levels
Control factors Des. Lev.l Lev.2 Lev.3
Ultrasonic power A 20 40 60
Feed rate (um/s) B 1.7 25 5

Slurry ratio C 1:1 1:2 1:3
Tool length (mm) D 7.5 12.5 17.5
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Table 3 Lg orthogonal arrays and experimental results il o F S el GohS Table 56 o
Exp. alelclp Entrance Exit Eh A
No. crack(um) crack (um) .
1 TT111 1736 316.06 Table 5 Factors affecting the entrance crack
2 112]2]2 20.96 200.21 Des. 1 2 3 Dev. (2/<0:)
i ; i :23 g 1]61é9978 gggg? A -24.26 -28.97 -35.85 11.59 28.9
5 S22 31 1571 34516 B -38.21 | -28.45 | -22.43 15.78 39.4
6 2131112 12.96 380.27 C -27.35 -30.22 -31.52 4.17 104
7 311132 284.63 1788.28 D -24.06 -32.59 -32.44 8.53 21.3
: : Total 40.07 100
8 312]|1]|3 56.26 585.37 :
9 313[12]1 14.91 495.04
Table 6 Factors affecting the exit crack
3. A3} Des 1 2 3 Dev. (i/f)
. [ = A -51.47 -49.55 -58.09 8.54 34.9
= o] AwrHalzlo
Fig2 = SEM °]§3 "] dekAp el B | 5377 | 5071 | 5463 | 392 | 16.0
th g5 e] sSNHE ALtete] Table 4 o 1 C | 5231 | -4873 | -58.07 | 9.34 | 382
E}wic), D -51.55 -54.22 -53.34 2.67 10.9
Total 24.47 100
Table 4 SN ratio of entrance and exit crack _— o] =
Exp. No. | En. crack(um) Ex. crack (um) Table 5-6 oA 2} <1Akeh o] EAE |
1 2479 -49.99 wate] HAo AAH S-S O W A, Bs, Cy,
2 2643 -46.09 D7} Bt o] ABEACE AEE U A4S
3 -21.56 -58.39 2o 2 o
4 -40.75 -46.28
5 -23.92 -50.76
6 -22.25 -51.60 4. 2
7 -49.09 -65.05
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