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Additive Manufacturing of Active
Materials and Structures

Active materials and structures, with the ability to change their configurations, forms, or
properties in response to remote physical control (temperature, electromagnetic field and light),
have broad engineering applications, ranging from adaptive buildings, deployable structures,
robotics, to flexible electronics. Despite the great potential, manufacturing the active materials
into desirable 3D structures is a long-lasting challenging. Here, aided with a state-of-the-art
multimaterial stereolithography system, we present our recent research progress in additive
manufacturing of 3D active structures that can be activated to achieve desirable functions with
temperature variations and magnetic fields. First, we demonstrate manufacturing of 3D
multimaterial composite lattices that exhibit significant negative thermal expansions (NTEs) in
three directions and over a large range of temperature variations. The lattice NTE is realized
by two levels of composite design: particle reinforcement on the material level, and dissimilar
beam interactions on the structural level. The experimentally observed NTEs are consistent with
theoretical and computational models. These NTE structures are very appealing in applications
where the mismatch thermal stress should be carefully managed, such as thermal gaps in
buildings and bridges, dental filling, microchip devices, adhesive fillers, and high precision
optical or mechanical devices. Second, we demonstrate manufacturing of 3D active elastomer
lattices that can be largely folded and unfolded by the external magnetic fields. The folding is
realized through magnetically-induced sequential buckling of the elastomer lattices. Scaling
theory and analytical model are used to explain the magnetically induced buckling. These
magnetically active structures are potentially useful for aerospace deployable structure, soft
robotics and active damping devices.
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