
I I

HIGH PRECISION PIEZOELECTRIC LINEAR
MOTORS FOR OPERATIONS AT CRYOGENIC

TEMPERATURES AND VACUUM

I

D. Wong, G. Carman, M. Stare, I
Mechanical, Aerospace and hTuclear Engineering Department, LTCLA, Los Angeles, CA.

Y. Bar-Cohen, A. Sen, P. Henry, G. Bearman and J. Moacanin
Jet Propulsion Laboratory, Pasadena, CA.

1995 ONR Transducer MateriaIs and Transducers Workshops
State ColIege, Pennsylvania, April 4 to 6, 1995



HIGH PRECISION PIEZOELECTRIC  LINEAR MOTORS FOR OPERATIONS AT
CRYOGENIC TEMPERATURES AND VACUUM

D. Wong, G. Car-man, M. Stare,
Mechanical, Aerospace and Nuclear Engineering Department, UCLA, Los Angeles. CA.

Y. Bar-Cohen, A. Sen, P. Henry, G. Bearman and 1. Moacanin
Jet Propulsion Laboratory. Pasadena, CA.

The Jet Propulsion Laboratory eva!uated the use of an electromechanical device for optically positioning a mirror system during the pre-project phase of
the Pluto-Fast -Flyby (PFF) mission. The device under consideration was a piezoelectric  driven linear motor functionally dependent upon a time varying
eIectric tieId which induces displacements ranging fmrn subrnicron.s  to millimeters with positioning accuracy within nanometers. Using a control
package, the mirror system provides image motion compensation and mosaicking  capabilities. While this device offers unique advantages, there were
concerns pertaining to its operational capabilities for the PFF mission. These issues include irradiation effects and thermaI concerns. A literature study
indicated that irradiation effects will not significantly impact the linear motors operational characteristics. On the other hand, therms! concerns
necessitated an in depth study.

To address the the-a! ~ssue.  we constmc?ed  m exact electro-ekstic-thermal  analytical soIution.  a finite element mode;  and conducted experhnenta!  tests
to evaluate the operation of the linear motor at cryogenic temperatures. This study indicated that severe problems arise when operating this device 3t low
temperatures re!ated  to therrnai  mismatches in the materials causing the motor !O “IOC~ I:u” A ~c-.~~ .+:~ . -,OE of :;IC strain coefficients causing a loss in the
motor’s efficiency. TQ ~d?wss  ‘%c ksucs, \ve conciucted  a parametric study to investigate the impact of geometrical changes and materiaI  substitutions
on the thermal response of the linear motor. This study indicated that the thermal mismatch problem could be overcome with sever31  poss~~!e

reconfiguration. We also evaluated the response of the motor’s drive e!ew.ent (pZT-5h) at temperatures down to 157 Ke!vin. Experimental resu!ts
in.~~cafe ?~la~ ~ec~]~.~ic~~ ~imi:ations of the piezoe]ectr]c ceram. ]c are strain dependent and electrlc  field ]ndependen:.  This,  degadatlon in the piezne!ectr{c. .

stra]n coeftlc]ents  at cryogenic temperatl.]res  are easily overcome with atmror)riate  m.od;fic2ticm s to the implied  ve!@e. These preliminary results suggest
that the au~rcwriate  s:?*c va:izbl

. . .
e for mode:  ;~g/pdic:ing  nonlinear and long term response of solid state motors  containing piezoe!ec?ric  material  could

be strain. Experimental tests on an augmented Iinear  motor at 157 Ke!vin  demonstrated both clamping and elongation/contraction capabilities supporting
tke ana[vtica~  results. Therefore, both analytical and experimental evidence has led to the conclusion that an augmented linear motor can intelligently. .
engineered to operate at the temperature levels of the PFF mission.

Acknowled~ments:  This program was performed under a California Institute of Technology contract with the National Aeronautics and Space
Administration (NASA). The authors would like to thank Burleigh  Instruments, Inc. Fishers. NY for graciously donating linear motors to this project.
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Inchworm Motor
Response at Low Temperatures
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OBJECTIVES

Develop an Articulation System for the Scanning Mirror of Fast N-uto Flyby
Preproject  with the following requirements:

Large tilting and tipping angles with miHiradian resolution.

Capability to operate at cryogenic temperatures (X2(K), Vacuum and
exposure to radiation.

Avai.1.able  SyStHR pwer ~imite~ to 4~at~s,
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Radial Stress at ShafULiner Interface Vary”ng
Liner Thickness, E Field = -0.59 MV/m
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Radial Stress at Shaft/Liner Interface
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Conclusions I
I

I

Analytical model incorporates thermal dependence of
piezoelectric coefficients

● Analysis correlates with experiment results

J

● Depoling and Saturation of PZT-5H is strain dependent

s Power requirements are in the sub-wati regime
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SUMMARY

●

●

●

●

An amdytical  model was developed that incorporates the thermal dependence
of the materials coefficients of piezoelectric  elements.

I

Analysis was correlated with experimental results I

Depoling and saturation of PZT-S-I is strain dependent

Power requirements are determined to be in the sub-watt-regime


