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A Study on Micro Ultrasonic machining for Brittle Material Using Ultrasonic vibration

Lee Seok-Woo, Choi Hon-Zong, Lee Bong-Gu
(Korea Institute of Industrial Technology)

ABSTRACT

Ultrasonic machining technology has been developed over recent years for the manufacture of cost-effective and quality-
assured precision parts for several industrial application such as optics, semiconductors, acrospace, 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. In order to improve the currently used ultrasonic machining using ultrasonic energy, technical accumulation is
needed steadily through development of exciting device of ultrasonic machine composed of piezoelectric vibrator and horn.

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.
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Fig. 1 Schematic diagram of ultrasonic machining
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Fig. 2 Localized deformation and fracture of brittle
material due to indention
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Table.1 Experiment conditions

Precision ultrasonic machine
Machine Stroke(XxYxZ) | 140x120x100

spec Feed controller | Step motor(lead :5mm)
Spindle speed Max : 300 rpm

Output power 300W(Variable), 1A

WEDG Wire $0.2mm(coated by zinc)

Tension Tension controller
Ultrasonic freque_ncy 30kHz, 300W
it Amplitude 5~8um

Cooling Air cooling
Particle Size Sic # 8000 (Dia :1 um)
Workpiecs Al:0,:0.3t, Hiy 1,500 Kg(/mmj
slurry S0%wt(water : abrasive)

Tool diameter 50 pm
Machining Machining 1g/mm”
conditions pressure

Feed rate 2 pm/sec
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Fig. 5 Tool Wear
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(a) Dia: 60 ym(Entrance)
Fig.7 Microhole on Al,01, Depth:300 um

(b) Dia: 60 um(exit)
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