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Transition Waves in Nonlinear Mechanical Metamaterial Chains with Neighbor-Dependent Potential Bistability
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Abstract: Transition waves in mechanical metamaterial chains are propagating domain walls separating regions of the lattice with unit cells in distinct stable states. In most of the reported results in the literature on this topic, metamaterial chains are fabricated with intrinsically bistable units, e.g. a von Mises truss, a buckled beam, that are then elastically coupled to their left and right neighbors [1-4]. Here, inspired by the strategy described in [5] for statics, we propose a different architecture where the units are either monostable or bistable, depending on the state of their neighboring units. As illustrated in the snapshots of the experiment shown in Fig. 1, a metamaterial chain made of these units can support sharp transition front propagation.
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Fig. 1: Snapshots of the transition wave movie showing the propagation after triggering from the left end of the chain.

We analyze the transition wave propagation characteristics via experiments on several metamaterial chains. Results are quantitatively compared to numerical simulations based on a lumped parameter model, which is then used to explore the design parameter space. From forward simulations in the time domain, we construct a simulation-based bifurcation diagram showing regions with no propagation (individual units are bistable whatever the state of the neighboring units), partial propagation or robust propagation leading to the full reconfiguration of the sample. The transition wave fronts are highly discrete, can propagate in both directions, and exist only for transition from the higher energy state to the lower one of each unit. Additionally, we propose and explore several ways to tune the wave front propagation speed.
In the prospects of this presentation, we will discuss extensions to two-dimensional systems [6] and discuss possible functionalities that can be envisioned with this specific metamaterial chain [7,8].
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