Active Polymer Composites for Detection of

Abnormal Thermal and Optical Environments
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Challenges

= Develop non-powered sensors to detect abnormal thermal
and optical environments.

= Achiove sensing mechanism via stimulation of pieroclectrics b
with thermally or optically active shape-memary polymers
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* Tune SMP properiies o achivve varisd SMP/ pieseleciric
composite sensor characteristics.

= Develop model to predict thermomechanical SMP behavior,

= Model piezoelectric vibratory response and electrical
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# Implemaent 58P model and model for piezoelectnic
deformation into a common framework.

Principles aof SMP/Piezoelectric Actuation
& AP Baterials

- Flexible materials with relatively :};.—_:?' e
fast recovery males,

~ Multiple activation/recovery
cycles possibile.

- Tunahle characteristics to optimize
for & h'driFl:.- ol conditions.
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= Sensor Mechanism
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~ Composite SMP/pieroelectric materials. g
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= Activated SMP reverts 1o original shape
upon exposure to specific environmental

condilions.
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- Shape change induces .
deformation of ]:liE".Fu ; i S5hiP
material leading to
signal generation.

Light Activated SMP Networks
= Prepare light-actuated SMP that operates under ambient light conditions (500-700 am}.

= Develop photomechanical system derived from light induced molecular rearrangement
of spiropyran ring system o open form swilterionic merocyanine form.

* Incorporate spiropyran ring structure into polymer networks and known thermally activated
LA }rl'llrmt'r syatems and test for liBHr induced J:||'H'E|1umH hanical :ﬁdrﬂtﬁ..
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Heat Activated SMP Polyurethanes
= Screening study identified a Sandia polyurethane to have desired SMP properties as well
a5 loughmess and good processability.

= Thermomechanical properties of SMP-0 were investigated to provide parameters
for material moedels.

= These properties were compared to commercially available SMPs, heat shrink
films and non-5MP conirols,
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Active Polymer Devices
PVDF Film PZT Fibers
-
s Source: MSI Sensors = Spurce: Advanced Cerametrics i
# Polymer based polyvinylidene fuoride ¢ Ceramic lead girconium fitanate matersial
» Available im thin (28 micron) flexible sheats s Fiber diameters from 5-250 microns g :
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= Direct stimulation of Ill-l‘-..ruﬁh-l:'lril:'i. wilh

SMPs has not been studied, but development - Linchpin
of a suitable frigger mechanism should én

able the viscoelastic response of an SMP (o
slimulate a pieroelectric material.

« Mo one has ased SMPs to stimolate piezoelectrics, but design possibilities exist.

* Improvements in the recovery force available from SMPs plus device designs for
“trigger” mechanisms should enable the desired SMP/plezoclectdc interaction,

= SMPs have inheren! advantages (larger range of motion than metallic shape memory
allows, heat and/or light activation) that will be useful to a variety of applications
omee betlor undersioond.

Contact: Jonathan Zimmerman, Sandia Mational Laboratories, org. 08776 jrimmer@sandia.gov
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