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Objectives:

 |dentification of damage precursors in polymer matrix composite structures

* Synthesis, characterization, modeling and validation of smart particles as a multifunctional sensor
* |nvestigation of the interactions between the smart particles and the polymeric matrix (experiments/simulation)
* Verification of the interfacial effects between carbon fiber and the host polymer matrix (experiments/simulation)
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—————————————————————————

» Synthesis and Characterization of stress ’,z’ '\‘
sensitive mechanophore i’ gg%i E

» Incorporation smart material and polymeq Mechanophore i
matrix composite (PMC) i i

+ Development of multiscale modeling i i
framework for smart material embedded i o i
PMC i SE®. % | stress sensitive composite i

- Validation of the modeling framework by | = Damageprecursor j
/

v Schematic lllustration of Blending Approach

comparing with experimental results M. .

Fluorescence Generation from Cleavage of
Cyclobutane

Mechanism
+ Cyclobutane has highly strained structure, cleavage of the C-C
bonds of cyclobutane was relatively easy.
» Cyclobutane-containing cross-linked polymers of tricinnamates
generated fluorescence upon the cleavage of cyclobutane®.
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Green fluorescence

*Davis, Douglas A., et al. "Force-induced activation of covalent bonds in mechanoresponsive

polymeric materials." Nature 459.7243 (2009): 68-72.

Synthesis of Cyclobutane Polymer

* Synthesis cyclobutane-containing polymer by [2+2] cycloaddition
through photoirradiation
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Fluorescence Observation for Coating on Polystyrene

* Cracks on polystyrene coated with cross-linked TCE or PVCi polymer.

No coating PVCi coating

Microscopic images of fluorescence emission along cracks

Fluorescence Observation for Different Concentration of
TCE Polymer

* Crack generated on epoxy with different concentration of TCE polymer

Neat epoxy

Epoxy w/ 20 wt.% Epoxyw/30wt.% 100 um

Microscopic images of fluorescence emission along cracks

» Either TCE polymer coated on polystyrene or blended with epoxy,
fluorescence can be observed along crack under UV.

Fluorescence Observation under Compression Test

* The visual fluorescence was not observed before the yield point.

* The visual fluorescence was observed under UV; The cracks were not
clearly detected under white light.

* The fluorescence intensified with strain accumulation.

Stress (Pa)

- Cyclobutane can be used to detect early damage by fluorescence generation.

Multiscale modeling for smart material embedded
epoxy composite

Key Issues:
+ Simulation of epoxy network considering realistic curing process
+ Extraction of mechanical properties from MD simulation

« Investigation of inferfacial effect between smart material & polymer matrix

+« Transfer of relevant information across lenqgth scales

MD simulation Spring bead model to Network model to capture  Structural analysis
represent bond cluster mechanical behavior using FE
€ >
Nanoscale Microscale Mesoscale Macroscale

Simulation of curing process

Chemical curing process
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Configuration of molecular model of epoxy system

Epoxy cross-linked structure

Representation of quality of crosslinked structure: crosslinking degree
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» Development of realistic
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Validation of MD simulation: Glass transition temperature

Experiment
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Prediction of mechanical properties of epoxy polymer

Bulk Modulus

Young’s Modulus
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= Uniaxial deformation test => Young’s modulus
» Triaxial deformation test => Bulk modulus

Mechanical properties: MD simulations
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* High crosslinking degree means high Young’s modulus/bulk modulus/shear modulus.
* Poisson’s ratio are inversely proportional to stiffness of materials
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