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Design of a Ultrasonic Cutting-tool Utilizing Resonance Condition
of Transverse Vibration of Beam Type Structure
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ABSTRACT

Most ultrasonic vibration cutting tools are operated at the resonance condition of the longitudinal

vibration of the structure consisting of booster, horn and bite. In this study, a transverse vibration

tool with beam shape is designed to utilize the vibration characteristics of the beam. Design point of

the transverse vibration tool is to match the resonance frequency of the bite to the frequency of the

signal to excite the piezoelectric element in the booster. The design process to match the natural fre-

quency of the longitudinal vibration mode of the horn and that of the transverse vibration mode of

the bite is presented. Dimensions of the horn and bite are searched by trend analysis through which

the standard shapes of the horn and bite are determined. After the dimensions of each component of

the cutting tool consisting of booster, horn and bite are determined, the assembled structure was ex-

perimentally tested to verify that true resonant condition is achieved and proper vibrational displace-

ment are obtained to ensure that enough cutting force is generated.
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Fig.1 Two types of ultrasonic vibration cutting tools
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Table 1 The effect of horn's size on the longitudinal
natural frequency of the horn structure
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Table 2 The effect of modification on the transverse
natural frequency of the bite

Natural
L Contents frequency Natural
[mm] [Hz] frequency
Standard B variation
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Considering stress
Change(D| 73.1 concentration 19,138 -5.21
Change®| 73.1 |  Space for the 21,486 12.3
) insert tip ’ )
Change®| 80.4 | EXtend "L7to 1 yg303 1 144
compensate volume
532 A4 vwgon Urie Wel dojw
QIANAE W DHNERS WEFS e
A7 Change®©°] Change@X Y of & A& &
S ek old A sjore] AskES BEHW H
T A FdE D71 A volES) g4 Wstet
a2 We ngaEel Wk A%l e 444
A ARE de F den a8 EdE ds Aol
A 71sEe A &2 ZE Y g bl E9
e 24T Ao

Fig. 4= A3dEH s &9

o HA AuE

(] o o
a71 fleiMs B FoR ool B F
AErhs, 22 vlo|Ex JRevhsy o BES

722/t ASXNSEES =58 /A21 A A8 E, 2011



uel HUE FASAL o8 283 DEANTT A

Oscilloscope || Power Transverse
(Sine sweep signal) amplifier ;-] vibration tool
|
|
|
|
PC Laser | |
(LabVIEW) sensor | 77T

(a) Natural frequency measurement
using sine-sweep signal

Analog function | | Power Transverse
generator amplifier r~1 vibration tool

|

|

|

|

PC Laser i

(LabVIEW) sensor [T 7777

(b) Measurements of the resonance frequency
and tip displacement using analog signal generator

Fig. 5 Schematic diagram of experimental system
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Fig. 6 PSDs measured with oscilloscope
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Fig. 7 PSDs measured with labVIEW
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Table 3 Sequence of finding resonance frequency us-
ing analog signal

Frequency[Hz] Displacement[pim]
17700 0.29656093
17750 0.91329659
17760 1.16517234
17763 1.24140637
1 17764 1.24473862
17765 1.21106353
17770 1.11195833
17800 0.53882049
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Fig. 10 Time domain signal and PSD of tip dis-
placement signal at resonance
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