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ABSTRACT: The kinetic equation of the three-degree of

freedom (DOF) spherical ultrasonic motor with cylinder stator,

which is driven by the three phases excited sources at the
same time, is the basis of realizing the rotor locus driving and
controlling. The three-DOF of the spherical rotor, in contact
with one cylinder stator, revolving around three perpendicular
axes can be driven by the each bi-phase summary and

synthesis of the three natural resonant frequencies of the stator,

two bending modes and one longitudinal mode. Based on the
vibration modes of the stator by finite elements analysis
(FEM), the kinetic equation of locus is presented for the
three-DOF spherical rotor ultrasonic motor with cylinder
stator in this paper. We can deduce the kinetic models of
particles on the top of the cylinder stator from geometric
thesis and some useful conclusions, such as the vibration
amplitudes of two bending modes and the longitudinal made
must be equal. The locus of the rotor varies with the different
source are compared and contrasted. The results can be the
key and prerequisite of the control strategy for three-DOF
ultrasonic motors, and the kinetic equation can be the basis of
increasing conversion efficiency from stator vibration to
mechanical output of the three-DOF motor, the optimized
designing of cylinder stator.
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Fig.1 The illustration of the three DOF ultrasonic
motor construction
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Fig. 3 OXYZ cylinder coordinates on
the top of the stator
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with three excited sources
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