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ABSTRACT
Actuation of rotational motion in machines and robotics is generally achieved through highly engineered mechani-
cal or electromechanical devices. As the fi eld of soft robotics develops, there is an emerging and expanding need 
for novel actuation mechanisms. Here, we show the ability to transform small localized loading into large rotational 
motion via the design of soft anisotropically structured composite materials. The transformation mechanism gov-
erning the rotational actuation capitalizes on the underlying coupling of shear and normal modes of stress and 
strain in anisotropic materials together with the ability of the soft material to locally undergo large deformation 
[1, 2]. The transformation behavior is further shown to be highly tuneable through selection of the microstructure 
as demonstrated through simulations and through experiments on multimaterial 3D-printed prototypes of soft 
composite materials with layered microstructures [2]. The study provides guidelines for designing soft anisotropic 
materials with tailored performance. The mechanisms of large controllable actuation can be used for macro-, mi-
cro- and nanoactuators and sensors. The fi ndings can be also used for developing simple techniques for obtaining 
information on anisotropy, and microstructures of materials at small scales.
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