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ABSTRACT

Various actuators had been developed for the output and applications. In
general, an electromagnetic motor (EMM) has versatility for the output request.
In addition, the power of EMM can easily control with the electrical operation.
However, the high power EMM has a disadvantage such as response delay by
increases of mass and inductance. On the other hand, an ultrasonic motor
(USM) has a rapid response by friction force drive between a stator vibrator and
a rotor or a slider. If the EMM and the USM are used together in the same
actuator system (AS), the individual actuators can complement each other. Then,
such AS has a wide output range and high speed response. It is noted that the
USM does not have torque free state for an operation by external force.
Therefore, realizing such an AS requires high speed clutch/brake.

As the first step of study, an ultrasonic AS which was able to electrically

control a preload had been developed by combining a USM with a piezoelectric
clutch (piezo-clutch). As a result, it was realized that the expansion of the
operating range and increased stability, hence a new AS with wide output
range and rapid response is realizable by combining the EMM and the ultrasonic
AS.

The objective of this study is to develop a new hybrid AS that includes an

EMM and an ultrasonic AS. In addition, as the one application of wide outputs



range and rapid response, the effect of the force-feedback display by the hybrid
AS was considered. The proposed hybrid AS is composed of a USM and an EMM
which generate the rotation and a piezo-clutch/brake based on a mechanical
amplifier which is used for adjustments of preload and braking force. A preload
control by the piezo-clutch was examined. The revolution speed was stabilized
by controlled preload using the piezo-clutch. The rise time was shortened by
preload control during transient rotation at starting the USM. In addition, the
rise time and driving power was reduced by hybrid drive with both of EMM and
the USM.

As the one application of the hybrid AS, the effect on a force-feedback display
was examined. As author’s impression, the hardness feeling was realistically
represented by the piezo-brake. The elastic feeling was represented by either
the EMM or the USM. In addition, the hybrid AS was extended a
two-degree-of-freedom hybrid AS. As a result, the force-feedback was

represented with more real operational.
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