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Powder bed fusion (PBF) additive manufacturing enables the fabrication of intricate
polymer structures with a high degree of design flexibility, but achieving reliable
mechanical performance remains challenging due to the complex interplay among
material properties, processing parameters, and structural topology. This talk presents
our work on understanding and improving the mechanical behavior of PBF-printed
polymers. Numerical modeling approaches are employed to study the underlying
mechanics governing powder spreading, melt pool evolution, and pore formation,
providing insights into the material-process—property relationships and guiding process
optimization. In addition, reinforced polymer composites incorporating carbon
nanotubes and fibers are developed to further enhance mechanical performance. Finally,
architected mechanical metamaterials are designed to realize lightweight structures
with high energy absorption and programmable mechanical responses. These studies
demonstrate the potential of integrating process modeling, material development, and
structural design to advance high-performance polymer additive manufacturing.



