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Smart metamaterials, featuring dynamically tunable mechanical properties, represent a promising frontier
in structural engineering and advanced robotics. Tunable properties can be introduced through several ap-
proaches, e.g., by designing geometric instability mechanisms, by embedding actuators within metamaterials,
or by pre-tensioning lattice metamaterial struts.

In this context, this study presents the design and characterization of a class of smart lattice metamaterials
where traditional struts are replaced by hollow beams filled with a magnetorheological (MR) fluid. The MR
fluid is leveraged to achieve dynamically tunable and fully reversible mechanical response by applying an
external magnetic field, which is used to modify the fluid’s yield stress.

Multiphysics finite element simulations were carried out in COMSOL 6.4 to characterize the magneto-mechanical
behavior of the lattice metamaterial subjected to large deformation. The numerical results were validated
through experiments conducted on real prototypes, allowing for a direct comparison between empirical evi-
dence and computational predictions.

The results bring evidence that filling lattice metamaterial beams with MR fluids enables dynamically tunable
and fully reversible mechanical response. This class of metamaterials paves the way for intelligent structures
with custom mechanical properties and design, and will be further studied to research any self-sensing capa-
bilities to design autonomous metamaterials.
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