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Development of an Ultrasonic Clutch
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This paper describes a development of an ultrasonic clutch as a new passive element for a haptic device using passive
force feedback. The ultrasonic clutch can solve conventional problems of passive elements such as time delay,
instability, and large size by using unique characteristics of ultrasonic motor such as high response, silent motion, and
nonmagnetic feature. It is also designed to be smaller than conventional ones by cogitating its structure. The clutch
fixes or unfixes the rotor by use of ultrasonic levitation phenomenon. First, we designed the structure of the ultrasonic
clutch using an equation of ultrasonic levitation phenomenon, and results of both structural analysis and frequency
analysis of the stator. Then we manufactured the ultrasonic clutch and conducted a driving experiment. Finally, we
successfully verified that the maximum value of the levitation force was around 20N and the static friction torque of

the ultrasonic clutch was up to 0.14Nm.
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Fig. 1 Multi-Fingered haptic device
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Fig. 2 View of ultrasonic clutch
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Fig. 3 Radius r vs. levitation force fs
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Fig. 4 Radius r vs. static friction torque 7

Table 1 Specifications of electromagnetic clutch
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Table 2 Material properties

Brass PZT Epogy
adhesive
Young’s
modulus [GPa] 104.0 72.6 2.5
Poisson’s ratio 0.33 0.31 0.40
Mass density 2.6 77 23

[ X 10°kg/m’]

Fig. 5 Mode shape of stator
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Fig. 6 Result of frequency response analysis
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Fig. 7 Radius vs. amplitude
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Fig. 8 View of manufactured rotor and stator

Table 3 Locations of measurement points

Measurement 1 5 3 4 5 6
point

Distance from 05 5.0 7.5 95 11.0 135
center[mm]
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Fig. 9 Result of frequency response measurement

Fig. 10 View of device for driving experiment
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