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A Study on Micro-hole Machining Technology using Ultrasonic vibration

S. W. Lee’, H. Z. Choi, B. G. Yi, Y. J. Choi (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, aerospace, and
automobile. Ultrasonic machining process is an efficient and economical means of precision machining of ceramic
materials. The process is non-thermal, non-chemical and non-electric and hardly creates changes to the mechanical
properties of the brittle materials machined. This paper describes the characteristics of the micro-hole of ALO; by
ultrasonic machining with tungsten carbide tool. The effects of various parameters of ultrasonic machining, including
abrasives, machining force and pressure, on the material removal rate, hole quality, and tool wear presented and
discussed. The ultrasonic Machining of micro-holes in ceramics has been under taken and the machining mechanism
in the ultrasonic machining of ceramics based on the fracture-mechanics concept has been analyzed.

Key Words : Ultrasonic micro-hole machining(Z 33 7] A7 7}-F), Resonance frequency(& 2 F7}47), Horn(E)
Ultrasonic vibration(Z 83215 ), Abrasive(*] ¥), Machining pressure(7+-& %), Tool wear(FT-PFHE)
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Fig. 1 Schematic diagram of ultrasonic machining
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Fig. 2 Photograph of the ultrasonic machining

system
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Table 1 Experiment Conditions

Precision ultrasonic machine

Machine Stroke 140x120%100
specification Feed Step motor
‘ Spindle speed Max : 300 rpm
Frequency 30kHz 40kHz
Ultrasonic Amplitude 5~8um 2ym
unit Power 300W TOOW
Cooling Air cooling
. SiC : #320(401m), #300(14ym), #8000(1m)
Abrasive .
Diamond : #3000(4 ~8m), #8000(1m)
. Alumina ceramics(AI1203) : 0.2, 0.3mm
‘Workpiece

SUS304 : 0.03mm
Shurry 50wt % (water : abrasive)
23, 29, 30, 100um

Machining | Tool diameter

conditions Pressure l1g/mm’
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Fig. 3 Ultrasonic machining mechanism
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Fig. 4 Relation between machining force and
material removal rate
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Fig. 5. Longitudinal tool wear
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Fig. 6 Micro-tool after ultrasonic machining

(Tungsten carbide tool : @ 30m)
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Fig. 7 Micro-hole machining using ultrasonic
vibration
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