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Figure 1 (Color online) A laminated composite metamaterial beam with periodically distributed piezoelectric actuator/sensor pairs. This figure is

modified from Ref. [57]
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Figure 2 (Color online) Infinitely long model of the piezoelectric metamaterial beam with negative capacitance shunting circuit. This figure is

modified from Ref. [64]
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Figure 3 A rod with periodic SMA inserts (a) and material properties of SMA inserts at room temperature and activation temperature (b). This figure

is modified from Ref. [72]
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Figure 4 (Color online) Two-dimensional cross sections of the square array of hollow dielectric elastomer tubes with outer radius 7, and inner radius 7;

in air. This figure is modified from Ref. [85]
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Figure 5 (Color online) One-dimensional binary phononic crystal rod under the external applied magnetic field. This figure is modified from Ref.

[114]
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Periodic metamaterial structures are composed of multiple identical substructures according to certain regularity and
periodicity, and they have special mechanical properties such as band gaps. Elastic waves can only propagate along the
metamaterial structures in specific frequency bands (passbands), while wave propagation in other frequency bands (band
gaps or stop bands) will be prohibited. It is generally believed that there are two basic band gap formation mechanisms, i.e.,
the Bragg scattering and local resonance types. The former exists in phononic crystals, and the band gaps appear at the
same order of magnitude as the wavelength and the lattice constant. Therefore, it is necessary to design a larger lattice
constant to attenuate low-frequency waves for the phononic crystals, which is often unrealistic in the design of actual
engineering structures. Unlike phononic crystals based on the Bragg scattering mechanism, the metamaterial structures are
based on the local resonance mechanism which is prone to low-frequency band gaps.

The band-gap properties of the metamaterial structures are of great significance in practical applications such as elastic
wave filtering, vibration isolation and noise reduction. Due to the importance of band gap characteristics, researchers have
carried out plenty of investigations, hoping to obtain various metamaterial structures with super band gap characteristics.
However, in practical engineering applications, the sizes of the metamaterial structures are often fixed. The widths and
positions of the frequency band gaps are usually a problem that limits their practicality, so it makes great sense to study the
methods of actively tuning the band gaps of metamaterial structures.

This paper reviews the study methods and developments of active tuning of elastic wave band gaps. The focuses are
mainly on the four active tuning methods by using the piezoelectric materials, magnetic materials, soft electroactive
materials and shape memory alloys (SMAs), respectively. Active tuning of band gaps usually requires multi-field coupling
media as components of metamaterials. Such multi-field coupling media include the piezoelectric materials, ferroelectric
materials, magnetic materials, soft electroactive materials, thermodynamic materials and so on. The key features of these
metamaterials are realizing their tunable band gap characteristics through smart materials, such as using a piezoelectric
shunt with a resonant circuit to obtain a tunable band gap by changing the equivalent dynamic stiffness, using SMAs to
change the equivalent stiffness by tuning the temperature, using the electromagnetic coupling to control wave dispersion,
and using the negative impedance of a piezoelectric circuit to design adjustable metamaterials, etc. The active adjustment
of the band gaps of the metamaterial structures is described in detail.

In addition, it is pointed out that although some encouraging results on the active tuning of elastic wave band gaps have
been achieved, there are still some key problems to be solved urgently such as the lack of experimental results, breaking
time-reverse symmetry of wave propagation in space-time modulated metamaterials, designing metamaterials with
adjustable band gap characteristics efficiently by using intelligent methods such as machine learning, and designing active
topological metamaterials.

In conclusion, it is of great significance to analyze the active tuning of elastic wave propagation in metamaterial
structures. This paper reviews the current developments of active tuning of elastic wave band gaps in metamaterial
structures, briefly describes the research methodologies on active tuning of wave band gaps developed in recent years,
introduces the research results of hot topics, and proposes some issues worthy of further investigations.

metamaterial structure, band gap, elastic wave propagation, vibration control, active tuning
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