RENETSE 20024 E 58 ARHTE pp.988~992 KSPE 028221

=33 DS ol &8t MajriA o ol Y JIE J|&

o2, E3E, ol PEFY NI T )

A Study on Micro-hole machining for Ceramics(AlOs) Using Ultrasonic vibration
Lee Bong-Gu, Choi Hon-Zong, Lee Seok-Woo
(Korea Institute of Industrial Technology)

ABSTRACT

Ultrasonic machining technofogy has been developed over recent years for the manufacture of and
quality-assured precision parts for several industrial application such as optics, semiconductors, aerospace, and
automobile application. The past decade has seen a tremendous in the use of ceramics in structural application.
The excellent thermal, chemical and wear resistance of these material can be realized because of recent
improvements in the overall strength and uniformity of advanced ceramics. Ultrasonic machining, in which
abrasive particles in slurry with water are presented to the work surface in the presence of an ultrasonic-vibrating
tool, is process which should be of considerable interest, as its potential is not limited by the electrical or
chemical characteristics of the work material, making it suitable for application to ceramics.

This paper intends to further the understanding of the basic mechanism of ultrasonic machining for brittle
material and ultrasonic machining of ceramics based in the fracture-mechanic concept has been analyzed.

Key Words : Ultrasonic micro-hole machining(Z &% 9] 4T% 7}3), Resonant frequency(F3 3 3H4),Hom(E)
Abrasive(3] 8),Amplitude(Z! %), Machining pressure(7}5 %), Tool wear(FF v}E)
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Fig. 1 Localized deformation and fracture of brittle
material due to indention
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Fig. 2 Schematic diagram of the USM system
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Table 1. Experiment Conditions
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Precision ultrasonic machine

Machine Stroke 140x120%100
spec Feed Step motor
Spindle speed Max : 300 rpm
. Frequency 30kHz, 300W
Dltrasonic | - plitude 5 ~ S
unit Cooling Air cooling
Abrasive | SiC#320(40.m),#800(14¢m) #8000(1 ¢m)

Diamond #3000(4 ~ 8m) #8000(1 ¢1m)

Workpiece |  Alumina ceramics(Al:03):0.3t

HRV 1500 Kgs/mm®
Shury 50wt % (water : abrasive)
conditions Tool dia. 30, 50, 100gm
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Resonance Fraquency : 30kHz Amplitude:5-8m
Machining force:0.6gf

“tminy

T — —
Workpiaces : AlO, Ceramic(0.37. 99.6%)
Abresiv Siurry 50wt %, Tool Diameter : 100 pm
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Fig. 3 Relation between grit number and MRR(Material
Removal Rate)
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Fig. 4 SEM photographs of the abrasive particle chip
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Fig. 5 SEM photographs of cross section inside
micro-hole
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Fig. 6 influence of abrasive grit size on tool wear
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(a) diamond(4~8um)
Fig.7 SEM phtographs of the ultrasonic machined
surface with diamond particle

(b) diamond(1;m)
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Fig. 8 Influence of abrasive grit size on tool wear
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(b) crystal wax

(a) glue gun
Fig. 9. Photographs of machined holes
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Fig. 9. Micro-hole Al2Os Ceramics
(Diamond#8000, 50wt%, depth:300im, aspect ratio:10)
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