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1. anmdrdguazavasifym

A structronic system synergistically integrates electronics, sensor/actuator, control, and
structures, which is a structural application of the mechatronic systems. Structronic systems are
used in many applications: adaptive wings, sensors or actuators in vibration control systems,
variable-geometry structures, MEMS, efc. An ultrasonic piezoelectric motor is also one of
structronic actuator applications.

There are many advantages of the ultrasonic motor over the traditional (electromagnetic)
motor such as producing a high torque at a low speed with a high efficiency; the high torque
produced as compared with its weight - since the inertia of the moving part can be made very
small, the position control characteristic at start and stop is well controlled (Toyama et al., 1995
and 1996). There is no need for gears since the iarge torque can be produced. Precise
positioning is possible because there is no error due to the gear backlash. The existing position
can be maintained even when the electrical power supply is cut off because of the frictional force
between contact areas. It has sitent operation since speed-reduction gears are not required
{(Ueha, et al, 1993; Uchino, 1998) and it has no magnetic field {Hemse! and Wallaschek 2000}).
For these reasons, the ultrasonic motors are attractive for many industrial or special applications,
for example, robot actuators, drive mechanism for auto-focus lenses, precise positioning devices,
miniaturized machines, actuators for space applications, material conveyors {Ueha, et al., 1993).

The traveling wave generated at the stator of the uitrasonic motor driving the rotor is a
key design factor governing the overall motor performance. (Note that the traveling wave is aiso
often referred to as the propagating wave.) Unlike vibration in ultrasonic piezoelectric circutar disk
motors (Sashida and Kenjo, 1993; Ueha et al. 1993), boundary conditions of the finite length
media (such as beam, plate and arc) reflect the waves when those generated waves hit the
boundaries. This may generate undesirable standing waves.

Study of piezoelectric actuator patterns generating traveling waves on the curvilinear
motor (finite length media} is a crucial issue for design and development {o improve performance

of the precision motors. Moreover, it has never been systematically studied before. The



methodology and knowledge of this study can be applied to generafe traveling waves in other
finite length media which will be attractive for many applications, e.g., drive mechanism micro

positioning, wave transport, material conveyer and movable structure.

2. Ianuzaed
1. To study actuation characteristics of the piezoelectric actuator patterns on the
ultrasonic piezoelectric curvilinear arc motors.
2. To study wave propagation design parameters of the actuator pattern.
3. To analyze and determine the best piezoelectric actuator pattern yielding stable

traveling waves on the curvilinear arc motors.

3. sztiiavi5Ivw

A methodology will be developed to study the electromechanical characteristics of uitrasonic
piezoelectric curvilinear motor. In that methodology, a distributed piezoelectric shell theory will be
studied first to develop constitutive equations of the piezoelectric curvilinear motors. Then,
fundamental theory of vibration and wave will be appliéd .to develop mathematical models of the
systems. The mathematical models will be used to determine the actuator patterns and estimate
their operating freqdencies that yield stable traveling waves. After that, the designs of actuator
patterns will be validated with finite element analysis. Finally, the result will be analyzed and

compared to determine the best candidate of actuator pattern.

4. WHBAITATNLIRWBITNIDY

Phase 0.5 Year | 1 Year 1.5 Year | 2 Year
Develop constitutive equations for \—

piezoelectric curvilinear motors

Determine actuator patterns for

generating stable traveling wave on the S —

motors by using numerical simulations

Develop finite element models of the

motors in various actuator patterns.

Verify the traveling waves and
operating frequencies generated by

actuator patterns

Write reports/manuscripts 1 1 1 1
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