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Abstract

High-temperature piezoelectrics are a key technology for aeronautics and aerospace
applications such as fuel modulation to increase the engine efficiency and decrease
emissions. The principal challenge for the insertion of piezoelectric materials is the
limitation on upper use temperature which is due to low Curie-Temperature (T.) and
increasing electrical conductivity. BiScO,-PbTiO; (BS-PT) system is a promising
candidate for improving the operating temperature for piezoelectric actuators due to its
high T.(>400°C). Effects of Zr and Mn doping of the BS-PT ceramics have been studied
and all electrical and electromechanical properties for Sc-deficient and Ti-deficient BS-
PT ceramics are reported as a function of electrical field and temperature. Donor
doping with Zr and Mn (in Sc deficient compositions) increased the DC-resistivity and
decreased tand at all temperatures. Resulting ceramics exhibited saturated hysteresis
loops with low losses and showed no dependence on the applied field (above twice the
coercive field) and measurement frequency.
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Objective

Development of high-temperature piezoelectric actuators
for aeronautics and aerospace applications.

Applications

o Actuators for Aerospace and Aeronautics

— Fuel modulation, valves, micro-positioning devices, MEMS,
active damping and energy harvesting.

e Sensors
— Pressure sensors, passive damping

Advantages
* Fast response time

 Generate large forces

 No gears or rotating shafts, no wear and tear.



Challenges for High Temperature
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Approach

e Microstructure engineering
Liquid phase sintering

 Compositional engineering
— Isovalent doping (Yb, In)
— Aliovalent doping (Sr, Zr)
— Multivalent doping (Mn)



Outline

Effects of excess Pb and Bi
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Processing of BS-PT

Raw materials (Bi,O,, PbO, Sc,0,, TiO,)
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Effect of Bi on microstructure
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Dielectric constant

Effects of Bi in BS-PT
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Ferroelectric and piezoelectric properties
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Ferroelectric Properties
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Unipolar frequency dependence
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Unipolar polarization
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Plezoelectric coefficient
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DC-Resistivity (Q.cm)

High field resistivity
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Doping comparison
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Doping comparison (2)
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Dielectric constant

Doping comparison (3)
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Materials for high temperature actuators
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leads and encapsulation material

High temperature piezoelectrics enable active combustion control in jet engines that can
increase engine efficiency and reduce emissions 19
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