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ABSTRACT

This dissertation is a part of the National Science Foundation of China Name
of Fundamental Studies on Some Key Techniques of Ultrasonic Motor
(N0.50235010), and the task is to study some key techniques of traveling wave
type rotary ultrasonic motors (TRUM).

Traveling wave type rotary ultrasonic motors have broad prospect. Because of
the particular working principles, ultrasonic motors have incomparable features to
conventional electromagnetic motors and they are suitable for precission driving
and control. As TRUM are a broad of transdisciplinery product with a short history
of development, they are far from perfect. Aiming at enhancing output abilities,
advancing efficiency and reliability of running, and improving speed stability, on
the basis of analyzing TRUM work mechanism, the dissertion studies stators,
rotors and driving electrical sources; it also analyzes all the non-linear
phenomenon in the process of experiments and oprations, and the influence
imposed by the phenomenon; and especially it studies that contact between stators
and rotors cause stators to make non-linear vibration. Main research the contents
and result are as follows:

1. The work mechanism of TRUM is analyzed; and the problems, which should
be solved in the design and manufacture of TRUM to improve the output
abilities and the speed stability, are pointed out.

2. Through the harmonic analyses of the stator vibration, the different responses
of various stator modes are researched at the conditions of different
piezoelectric ceramic partition modes and polarization modes; and the result
shows the partition modes and polarization modes should be appropriate in
order to enhance the manufacture of TRUM.

3. Because of multiform of stator ring disk modes, the modal mixture must be
avoided in the process of design stators; then the problem of modal mixture is

firstly resolved by the method of sensitivity analyses, and which is confirmed

iii
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by experiment.

TRUM’ operation is affected by the two unequal modal frequencies, so the
problem is resolved in a creative way by combining the structural perturbation
and finite element method at the first time, by this way, after a TRUM-60
stator with two unequal modal frequencies fabricated by Nanjing University of
Aeronautics and Astronautics modified, the result is satisfactory.

TRUM with the flex-rotor is made dynamic simulation by the means of
multi-body dynamics theory and finite element software. In conclusion, both
the output characteristic and operation efficiency of TRUM are improved if
rotors’ modal frequency (similar to stators working modal) is a little lower than
the working frequency of the TRUM.

According to the computation and analysis, it is firmly proved that the output
characteristic and operation efficiency are better because flex-rotor improves
the contact condition and decreases radial slip between the stator and the rotor.
The conductance of stator is different when TRUM operation in different
conditions by experiment, so the inductance matched for the driving electrical
source should be decided by TRUM operation circumstance.

By experiment, various nonlinear pehnomenon in TRUM are analyzed; then
the phenominon affect TRUM characteristics and the ways solve the effect.are

pointed.

Key words: traveling wave type rotary ultrasonic motor (TRUM), piezoelectric

ceramics, sensitivity analyses, structural dynamic modification, flexible rotor,

circuit match, non-linear vibration
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