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Seminar Abstract:
Shape-memory polymers are a class of memory materials capable of undergoing and recovering
significant amounts of applied deformation. When used in the design of soft robotics, these
multifunctional materials provide a source of actuation and allow for light-weight designs that
can achieve complex motion with a high degree of dexterity. This talk presents a novel
computational framework for design and synthesis of soft robotic mechanisms containing shapememory polymers. We implement a transient finite element analysis model that incorporates the
additive decomposition of small strains to simulate and predict the temperature-dependent
displacement response of the material. The finite element model is combined with a topology
optimization algorithm, which we use to optimally distribute multiple design materials within the
volume domain of the mechanism. Each design material has its own unique activation
temperature so that when the optimized design is subjected to a prescribed temperature cycle, it
exhibits a desired motion that is encoded into its material distribution. We also derive and
implement a path-dependent adjoint sensitivity formulation to compute the gradients required for
the topology optimization algorithm. Lastly, we introduce a hierarchical design method in which
we optimally combine a sequence of topologically optimized unit structures to achieve complex
motions characterized by large displacements. The talk will conclude with several examples of
computationally generated shape-memory polymer mechanisms, which we have 3D printed and
validated experimentally.
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