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Tab.1 Omnidirectional bandgap of first-,second- and third-order asymmetric mechanical metamaterials
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Low frequency broadband design of multi-order asymmetric
mechanical metamaterials based on rotation

WANG Xiaopeng, CHEN Wenjiong”, LI Sheng
(State Key Laboratory of Structural Analysis,Optimization and CAE Software for Industrial Equipment,
Dalian University of Technology.Dalian 116024 ,China)

Abstract: Considering the issue that low frequency and broadband of elastic wave metamaterials cannot
coexist, this paper realizes a low-frequency band gap by rotating asymmetric mechanical metamaterials,
and further widens the low-frequency bandgap by introducing multiple orders. By utilizing the node
rotation and ligament bending deformation characteristics of anti-chiral materials,the vibration body size
and ligament stiffness of the anti-tetra chiral unit cell diagonal are gradually adjusted through ligament
folding, and the multi-order asymmetric unit cell design is realized. The generation and change
mechanism of elastic wave bandgap are explained by analyzing the resonance mode and transmission
characteristics of the upper and lower bounds of the bandgap. The study shows that:in the asymmetric
mode, the node rotation and ligament bending deformation characteristics of chiral materials are utilized
to realize the rotation resonance of the mass block and open the bandgap.and the band gap is widened by
the resonant superposition between two pairs of different mass blocks arranged alternately. Finally, the
proposed asymmetric mechanical metamaterial is verified by experiments to have to demonstrate
improved broadband and low-frequency vibration isolation performance.

Key words: mechanical metamaterials;asymmetry; multi-order; band gap;auxetic
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