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Figure 1 Mechanisms and applications of elastic metamaterials
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Figure 2 Effective parameter as a function of frequency. (a) Lorentz model; (b) Drude model
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Elastic metamaterials have emerged as a significant advancement in the interdisciplinary field of mechanics and materials
science in recent years, particularly in the control of elastic wave propagation. These materials possess unique properties
that enable the manipulation of wave behavior in novel ways, offering great potential for a wide range of engineering
applications, such as vibration damping, seismic wave inversion, noise reduction, and non-destructive testing. Unlike
traditional solid media, which have limited capacity to control elastic waves, elastic metamaterials are designed at the
microstructural level to enhance wave coupling and regulation capabilities. By carefully designing the microstructure,
elastic metamaterials can modify wave propagation in terms of direction, phase, and amplitude, providing new solutions for
engineering challenges.

This paper provides a comprehensive review of the development of elastic metamaterials, focusing on their mechanisms
and applications in controlling elastic waves. The study categorizes elastic wave metamaterials into several types,
including negative parameter metamaterials, extremal metamaterials, Willis media, and active elastic metamaterials. Each
of these categories plays a unique role in advancing the field of wave control. (1) Negative parameter metamaterials. These
materials exhibit the ability to block wave propagation through resonance frequency design, making them particularly
useful for low-frequency vibration isolation and damping. By manipulating the effective material properties at the macro
scale, these metamaterials provide a novel method for wave suppression. (2) Extremal metamaterials. Utilizing non-
resonant mechanisms, extremal metamaterials offer broad low-frequency control of elastic waves. They are particularly
valuable in applications like acoustic cloaking and acoustic metamaterials, where water impedance matching is crucial.
These materials are capable of matching the impedance of fluids and solids, opening new possibilities for applications that
require seamless transitions between different media. (3) Willis media. Willis media are materials that exhibit an
unconventional elastic constitutive relation, where stress is not only related to strain but also to the velocity of particles.
This type of material can achieve full impedance matching with elastic Cauchy media, making it ideal for designing elastic
wave cloaks or other advanced wave manipulation devices. (4) Active elastic metamaterials. Active metamaterials
incorporate dynamic, non-conservative elements that break time-reversal symmetry. These materials enable one-way wave
propagation and other advanced functionalities, which could be particularly useful in applications like soundproofing or
directional waveguiding.

In addition to their theoretical underpinnings, this paper also explores the practical applications of elastic metamaterials.
Their subwavelength characteristics provide significant advantages in low-frequency wave control, making them suitable
for various engineering solutions. For example, the use of negative parameter metamaterials allows for efficient vibration
isolation in mechanical systems, while extremal metamaterials and Willis media are crucial for advanced acoustic
manipulation and elastic wave cloaking technologies.

The paper concludes with a discussion of the future prospects of elastic metamaterials, emphasizing their growing role in
engineering applications. As the design of microstructures continues to improve, these materials will offer even greater
performance in controlling wave behaviors. Furthermore, the integration of elastic metamaterials into practical engineering
systems is expected to lead to innovative solutions for a wide range of challenges in fields such as seismic engineering,
vibration control, and material science.

elastic metamaterials, low-frequency wave control, active metamaterials, elastic wave cloak
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