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Graphical Abstract 

 

Abstract 

Polymer foams are an important class of lightweight materials used to protect assets against 

mechanical insult (shock and vibration), and they are used across many engineering disciplines 

including automotive, aerospace, biomedical, and safety equipment. Against mechanical shock, 

compaction of the foam microstructure absorbs energy and limits the transfer of load to the protected 

asset. Two features of the foam are important to enhance its energy absorption characteristics: the 

foam micro (or meso) structure and the matrix phase mechanical behavior. We investigate here novel 

approaches towards both of these controlling features. First, we consider 3D printing via Digital Light 

Processing as a method to carefully control foam meso-structure and explore here a suite of periodic 

lattices structures to demonstrate that we can carefully control foam meso-structure in space. But, 

instead of printing conventional thermoset polymers for the matrix phase, we investigate the energy 

dissipation capability of 3D-printed liquid crystal elastomer (LCE) foams. LCEs represent a 

transformative energy absorption material with mesogens (two-three benzene rings) built on the chain 

backbone. In addition to the viscoelastic relaxation of polymer chains, the mechanically-induced phase 

transition and mesogen rotation of LCEs provide an additional mechanism for energy dissipation. A 

new photocurable thiol-acrylate LCE resin is optimized for digital light processing (DLP) printing. In 

both quasi-static and dynamic loading conditions, the lattices show dramatically enhanced energy 
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 dissipation in uniaxial compression compared to the non-LCE foams printed with a commercially 

available photocurable elastomer resin. The lattice geometry also plays a prominent role in 

determining the energy dissipation ratio. It is shown that when increasing the lattice connectivity, the 

deformation is translated from bending-dominated to stretching-dominated, which generates higher 

axial strain in the struts and higher energy dissipation of the lattice. The presented work plays a 

significant role in exploiting the potential of 3D printing with advanced polymer materials for the next 

generation of protective foams. 
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