Piezoelectric Actuation in Rotational
Christopher Mann, David Graf
Movement
1

2

1University

ABSTRACT

of Florida, 2NHMFL / Florida State University

EXPERIMENTAL DESIGN
For the translation of linear piezoelectric actuation
to rotational motion, two designs were developed.
The first rotator design was derived from an
Attocube ANR31 rotator that uses a Titanium
base. This base houses the linear deforming
ceramic actuators and functions as a spring that
is constrained to a center rod. (1,4b)
In addition to a derived form of the ANR31,
another design was constructed consisting of two
shear type PZT chips that deform laterally (2, 4a).

1 Linear deforming
design . The white
rectangles are PZT
ceramic, the base is
made of Titanium.
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Rotator base using
shear PZT ceramics. The
chips rest below two
sapphire hemispheres that
contact a Beryllium Copper
disk.

The piezoelectric effect of materials such as PZT
(Lead Zirconium Titanate) causes a deformation of
these types of ceramics along different axis. These
materials have the potential to function as
actuators in high magnetic fields, cryogenic
temperatures, and in vacuum.
The shape of the voltage applied is influential in
efficient utilization of the small stroke lengths
produced by these ceramics. They can range from
1.3µm for the shear type laterally deforming
ceramics(2, 4a), and 2µm for the linear deforming
ceramics(1,4b).
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voltage waveform of an
Shear type actuator(left) amplified arbitrary waveform
generator (purple), and an
Linear type actuator (right) Attocube model ANC 150.
(yellow)

DATA ANALYSIS
At room temperature, only the linearly deforming
rotator (4b) successfully produced visible motion.
The speed of rotation was found to generally
positively correlated with both voltage and Hz (6).
An Attocube model ANC 150 controller was used
originally to create the voltage waveform (5) after
it was discovered that an amplifier coupled with an
arbitrary waveform generator producing a similar
signal distorts the signal, creating a non vertical
“slip” portion that renders it ineffective. The
amplifier was modified to have a higher slew rate,
and was proved to be functional.
The linearly deforming
rotator was tested while
submerged in liquid
nitrogen. Using the
.
waveform
generator and
modified amplifier, motion
was observed in the rotator
at 120V, 1 kHz. In addition,
the ceramics produced an
audible frequency and
generated heat, that
indicate the rotator is
functional at cryogenic
temperatures.

7 The linearly
deforming rotator
covered in ice after
being submerged in
Liquid Nitrogen.

3 A graph of a typical

Acknowledgements

“slip stick” waveform

The authors would like to thank Vaughan Williams
and the NHMFL machine shop for technical support,
Tim Murphy for suggesting experimental designs,
Eric Stiers for assisting in electrical setup and safety
guidance, and Kevin Huang for cryogenic application
assistance.

µsec

The working principle in determining the applied
waveform is the “slip-stick” method, where a saw
tooth shaped voltage charge (3) is applied to
create a slow voltage climb and a sharp voltage
drop. This slow climb and sudden drop results in
6 Movement graph of linear deforming
the ceramics slow deformation, and quick return to design at room temperature
its resting dimensions.
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