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Abstract—Piezoelectric ultrasonic motors
(PUMs) offer dramatic improvements in a
variety of space-based robotics applications,
if the problem of real-time torque control
can be solved. This research enhanced the
UHCL PUM laboratory apparatus to
include torque sensing, display, and record-
ing. The apparatus was calibrated using
torque computations Measured torque com-
pared well with the computed torque.

SPACE-BASED ROBOTS TYPICALLY REQUIRE ACTUATORS

exhibiting high precision, light weight, and simplicity.
Piezoelectric ultrasonic motors (PUM) are well-suited

to these requirements. PUMs can achieve high precision as a
result of low speed, lack of gears and transmissions, and free-
dom from backlash. They are quite simple mechanically, con-
sisting of a single moving part that provides the same func-
tionality as motor, transmission, and brake in a conventional
motor-driven system.1

A typical piezoelectric ultrasonic motor (Piezo
Systems/Shinsei USR 30, Fig. 1)2 consists of a toothed piezo-
electric disk (stator) in contact with a metal disk (rotor).
Time-varying electric fields applied to the piezoelectric stator
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induce a traveling wave which is mechanically rectified,
causing the rotor to rotate (Fig. 2)3. This mechanism produces
relatively high torque at low rotor angular velocities, elimi-
nating the need for gearing. The friction between rotor and
stator provides a passive holding torque typically larger than
the rotating torque, eliminating the need for mechanical
brakes or active holding torque. These motors can be built
such that they neither produce nor are affected by magnetic
fields, making them useful in highly magnetic environments
and applications in which magnetic fields are harmful.

The state of the art in control of the PUM is not fully devel-
oped. Good results have been achieved for applications
requiring only speed regulation. Also, existing controller
technology is adequate for positioning applications tradition-
ally served by stepper motors. Current PUM control technol-
ogy does not address the many important potential PUM
applications requiring precise torque control.

Goals of the Project
The ultimate goal of PUM research being conducted in the
UHCL Systems Engineering Laboratory is to develop a PUM
driver/controller unit that implements model-based real-time
torque control algorithms. Research supported by ISSO this
year entailed modifying the PUM apparatus via the addition
of a sensor to measure torque in real time. This enhancement
is a necessary step in the implementation of an active load
that will permit simulation of typical space-based PUM appli-
cations. This modification will also permit the research team
to more fully characterize PUM torque behavior so as to
improve the PUM models and simulations, an important step
towards model-based torque control.

Results
A Futek torque sensor was integrated into the apparatus as
shown in Fig. 3. The sensor was mounted to a bracket that
was, in turn, mounted to the mechanical breadboard base. A
motor mount adapter was fabricated to attach the motor to the
torque sensor. The flywheel and encoder were also installed in
a manner identical to the previous version of the apparatus.

The torque sensor was supplied with a calibrated digital
readout (Fig. 4). This readout provides precise (+/-0.001 inch-
ounce) indication of torque, but with a low bandwidth of less
than 1 KHz. Using this calibrated readout, it is possible to
measure static or steady-state torque; the bandwidth is not
sufficient, however, to support real-time control. To permit
real-time measurement, and, in the future, real-time control, a
high-speed bridge circuit was designed and implemented on
the electrical breadboard.

A system block diagram including the high-speed bridge
circuit is shown in Fig. 5. The bridge circuit output was incor-
porated in the Simulink4 real-time control software using the
dSpace interface (Fig. 6) to display and record measured
torque. The torque measured, using the torque sensor and
bridge circuit, was calibrated experimentally with torque
computed from motor angular acceleration and flywheel iner-
tia. A plot comparing filtered measured torque (using the
bridge circuit) and computed torque is shown in Fig. 7. The

Figure 1. Piezo Systems ultrasonic motor (Shinsei
USR30)

Figure 2. Traveling wave formation

Figure 3. Motor and encoder assembly



NASA/UHCL/UH–ISSO Y2004 • 131

steady-state offset between the measured and computed
torque is expected and is caused by friction in the system.
Thus, once calibrated, the torque sensor provides improved
accuracy using only the inertial (flywheel) load, as well as
making feasible the addition of an active load.

The results shown in Fig. 7 indicate that the torque sensor
dynamics, using the custom bridge circuit, are adequate for
the real-time monitoring and control applications. The next
phase of the project will be to implement an active load to
permit modeling a variety of potential applications and to per-
mit more extensive characterization of motor dynamic and
steady-state response.
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Figure 5. Apparatus schematic

Figure 6. dSpace interface with real-time torque dis-
play

Figure 7. Measured torque compared to computed
torque

Figure 4. Torque sensor digital display


