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Motivation - objectives
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Epoxy and eﬂoxy based composites absorb
moisture with severe changes on material
and mechanical properties

Investigate the effects of temperature and
moisture on matrix and interface in polymer
composites using embedded Fiber Bragg
Grating sensors

Develop semi- experimental methods to
characterize internal strains and micro-
mechanisms in composite materials and
structures.



m®m  FBG - working principle
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W™ Spectral response of FBGs
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MW Spectral response of the FBG vs time
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miw|  Distributed sensing
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o Opto-mechanical equation
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Contributions to wavelength shift
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Materials

EPOXY: DER330° & DER732© : DEH26 © hardener (70:30:10 )
Low temperature curing; Low shrinkage

FIBER: Optic glass fiber: 125 mm in diameter ; 24 mm FBG

Epoxy
J 12mm

N
7
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- Characterization of residual strains
. /ri_/\é)delingt fracture mechanics; Thermoelasticity;

* Degree of curing
» Thermal expansion coefficient
+ Coefficient of moisture expansion

* Modeling: diffusion & heat transfer; fracture
mechanics; FE



MW Typical FBG strain response
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Degree of conversion
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» Consider points A and A’ : residual strains are attributed
to chemical shrinkage only
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» Consider points A and A" :

additional residual strains are attributed to chemical shrinkage only
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MiHW) Coefficient of thermal expansion
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mi®  Hygrothermal studies
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strain along the fiber - time
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(W | Coefficient of moisture expansion
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Periodic weight measurements
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mi*®) Analysis of heat transfer
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Diffusion analysis
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W™ | Analysis of axial strain - time
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Shear stress at interface
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> A constant coefficient of moisture expansion

is not sufficient to describe the hygrothermal effects
on an epoxy material for relatively long exposure times

> Combined with realistic stress analysis FBGs are
proven to be effective tools in developing methods
to investigate internal strains due to processing
& hygrothermal loads
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