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MATERIALS WITH EXTREME ENERGY ABSORPTION & DEEP SUBWAVELENGTH SOUND ABSORPTION

Abstract: | will present our ongoing efforts to synthesize and manufacture novel materials and structures guided by mechanics and numerical modeling and/or enabled by 3D
printing. First, | will present a material system that triggers mineral deposition from ionic solutions on scaffolds upon mechanical loadings so that it can self-adapt to mechani-
cal loadings inspired by bone [1]. For example, the mineralization rate could be modulated by controlling the loading condition and a 30-180% increase in the modulus of the
material was observed upon cyclic loadings whose range and rate of the property change could be modulated by varying the loading condition. Moreover, our preliminary
results showed that the material system showed a decrease in crack propagation speed by ~90%, resulting in significantly improved fatigue lifetime from its damage mitiga-
tion mechanism. We envision that our findings open new strategies for making synthetic materials with self-adaptable mechanical properties. Second, | will present architect-
ed materials (or metamaterials) with extreme energy dissipation and improving energy absorption with increasing strain rate [2]. We utilize energy dissipation mechanisms
across different length scales by utilizing architected liquid crystalline elastomers. As a result, our energy-absorbing materials show about an order of magnitude higher ener-
gy absorption density at quasi-static condition compared with the previous studies and even higher energy dissipation at faster strain rates with power-law relation, whose
exponent can be tuned. We also found that we can further enhance the energy absorption density by vertical stacking from the synergy of nonlinear behaviors of materials
and structures. The findings from our study can be beneficial for various applications, including aerospace, automotive, and personal protection. Third, | will present architect-
ed materials absorbing deep subwavelength sounds with tunable frequency ranges [3]. The acoustic meta-absorber couples thermo-viscous loss with resonance loss through
3D-printed Moiré cavity grating. The coupled Moiré grating has a deep subwavelength (thickness/wavelength~0.002-0.015) and shows high sound absorption coefficient (SAC)
within 400-4,500 Hz with peak SAC of 0.7-1. Acoustic simulations showed its excellent sound absorption performance is attributed to both scattering-induced localization and
transverse directional local resonance. Compared with current sound-absorbing materials, the Moiré grating requires one to two orders of magnitudes lower thickness and
covers a wider range of frequency. Furthermore, it can be rolled, bent and stretched while maintaining its sound absorption p erformance through cuts (Kirigami). Thus, it can
find applications in various environments such as automotive, airplanes, home, hospitals and factories.
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