Motivation

The future of aerospace structures is highly
dependent on the advancement of reliable and
high performance materials. The application of
stress sensing coatings on structural materials will
allow for health-monitoring and the detection of
damage before failure OCCuUrs. Using
photoluminescent alumina nanoparticle as a
coating material allows stress and damage
sensibility  through its piezospectroscopic
characteristic. Calibration of this characteristic for
coating on a metal substrate can be readily used
for sensing stress and determining damage on
aerospace structure.
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Spectroscopy on Composite Materials

Experiment Procedure

e Notched aluminum tensile

dimensions of 8.0 x 0.8 x 0.19 1% -  100ms

inches were used. Specimens 10.6

_ . 10% W 20 ms
were loaded using mechanical m
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load frame to maximum load of * Two stress sensing piezospectroscopic coatings
20 kN at increments of 4 kN or were used that consisted of Bisphenol A Epoxy,

until the coating failed. Epikure 3055, containing 1 vol% and 10 vol%
alumina with a particle size of 150 nm.
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Stress & Damage Sensing Results
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vol% is 14,402 cm™~! at zero load better capture the stress concentration

* The figures show peak shift maps associated with the notch.

obtained from the piezospectroscopic
measurements during tensile tests.

* The peak shift maps of both the coatings notch at the load of 12 kN.

* The peak shift map of 10 vol% coating captures
the stress concentration due to subsurface

show signs of gradually increasing * The concentration in peak shift map indicates
tensile stress. the site of subsurface damage initiation.
* The concentration in peak shift map can also

provide the size of subsurface damage.
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Conclusion

* Alumina-epoxy coating on aluminum is
capable of determining full field stress
including on subsurface stress
concentration.

 Higher volume fraction of alumina
nanoparticles showed higher stress-
sensitivity of the coating.

* The piezospectroscopic coating can provide
high spatial resolution image of stress field
and the damaged area.

Future Work

 The peak shifts from piezospectroscopic
measurements using alumina nanoparticles
will be calibrated for quantitative
measurement of stress in the specimen.

* Different volume fractions and particle sizes
of nanoparticles will be studied.

e Other means of measurement will be used
to validate the stress sensing capability of
the applied coating.
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