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Abstract:

Polyurethane foams are used in many industries to provide protection from impact, structural support and thermal
insulation. Complex physical processes during both manufacturing and aging of these materials can cause part
shape changes to occur over timescales of hours (during manufacturing) to years (part aging). A good understanding
of what drives these deformations and the ability to model foam behavior is essential to enable production of parts
with tight dimensional tolerances that remain acceptable over time. In this talk, we present a computational modeling
platform that predicts shape change of foam parts from birth to thirty years of service. The model is based on new
experimental observations of aging mechanisms in polyurethane foams, which include water uptake-based
swelling/deswelling and water reactions with isocyanate that releases carbon dioxide gas and leads to shrinkage
over long time scales (years), complementing our work on modeling foaming, curing, and manufacturing warpage
during polymerization and cool down. A new theoretical representation of the solid foam matrix constitutive behavior
that couples water uptake and chemical species evolution with strain is developed. This model is based on a
nonlinear viscoelastic formalism developed for manufacturing with the additional solution fields of water
concentration and post-cure chemical reaction extent. Computational implementation uses the finite element method
with an arbitrary Eulerian/Lagrangian representation of the transport phenomena including energy conservation and
reaction kinetics that is loosely coupled with the Lagrangian momentum balance. The model is calibrated using
small-scale fiber Bragg gratings embedded in cylindrical polymer parts. The model is then used to predict long-term
aqing behavior and shape changes of a complex foam part that requires over 2 million elements to resolve.
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