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A Study on the Design of Ulirasonic Vibration Cutting Tool Horn

J. P. Kang*

Abstract

Transforming small ultrasonic energy into large mechanical energy is the essential feature
of ultrasonic vibration in various application fields, This energy amplification can be obtained
by achieving resonance condition between booster or tool horn and transducer. When it
has uniform section with small sectional area, one dimensional analysis provides good
estimation of the natural frequency of the horn. But, for arbitrary shape of horn, one
dimensional analysis can no longer be applied. At present, designing tool horn whose
natural frequency is identical to that of transducer requires several stages of trial and
error in actual manufacturing process, In this paper, frequency analysis program is
developed to easily predict the natural frequency of ultrasonic vibration cutting tool with

axisymmetry and 3-dimensional shape using finite element method.
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Fig. 3 Flowchart of natural frequency calculation
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Table 1 Mechanical properties of materials
Densitg modulus of| Tensile
Material|(kg/mm3)|Elastisity| Strength
%x10-¢ (kge/cm?) | (kgs/mm?)
%106
Duralumin| 2.768 0.720 55
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Fig. 4 Schematic diagram of measurement apparatus
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Fig. 5 Vibration mode shape & element mesh for step
type horn(axisymmetry, without tool)
No. of element : 130 [EA]
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Fig. 8 Vibration mode shape & element mesh for step
type tool horn (3—dimension square type, without
slot}), No. of element : 816 [EA]
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Fig. 9 Vibration mode shape & element mesh for step
type tool horn (3—dimension square type, with slot,
narrow), No. of element : 657 [EA]
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Fig. 10 Vibration mode shape & element mesh for step
type tool horn(3-dimension square type, With
slot, wide), No. of element : 657 [EA]
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Fig. 11 Vibration mode shape & element mesh for step
type tool horn(3—dimension, with tool)
No. of element : 708 [EA]
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(a) Natural frequency: 19875.0711 Hz

Fig. 14 Variation of natural frequency according to mesh
methods (3—dimension, step type)
No. of element : 708 [EA]

Table 2 Variation of natural frequency according to
element numbers

No. of
type| element Natural frequency [Hz]
% 76 20244. 64770
é 130 20006. 63353
é 192 19824. 99030
5 354 14937.89136
:’z 528 18645.67533
i 708 19875.07110
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