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Abstract

Liquid crystal elastomers (LCEs) exhibit complex thermomechanical behaviors that can be harnessed
for a wide range of applications in soft robotics, biomedical devices, and energy absorption. The
material consists of stiff mesogens bound within an elastomeric network of flexible polymer chains.
The mesogens interact energetically and can order and disorder in response to temperature and
mechanical deformation, amongst other stimuli. This enables LCEs to undergo reversible phase
transitions between the disordered isotropic, ordered monodomain, and polydomain states. The
motion of the mesogens relative to the polymer network results in unique behaviors, including re-
versible actuation response to temperature and soft elasticity. Additionally, LCEs display enhanced
energy dissipation compared to conventional elastomers due to the viscous rotation of the mesogens
and the relaxation of the network chains. These viscoelastic dissipation mechanisms can be utilized
to design LCE materials and structures with extraordinary toughness, impact energy absorption, and
mechanical damping. However, these same properties may hinder the actuation and morphing capa-
bilities of the material. Predictive modeling is essential for efficiently designing and optimizing LCE
structures to attain the desired performance. In this presentation, I will outline our recent efforts to
develop generalized continuum theories for the thermomechanical behavior of monodomain nematic
elastomers that incorporate the rate-dependent deformation mechanisms of the mesogens and the
network chains. I will demonstrate the predictive capabilities of the theories and highlight their
application to design energy-absorbing architected materials, assess the effectiveness of actuators,
and optimize the director pattern of LCE structures to maximize viscoelastic dissipation.
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