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WAVE MANIPULATION BY PENTAMODE MATERIALS

 Xiaoning Liu
 Beijing Institute of Technology (Beijing, China)

Pentamode materials are degenerated elastic solids with zero shear rigidity, it can be approximately
realized  by  deliberated  microstructure  design.  Due to  the  flexibility  in  designing its  shear  and
longitudinal wave impedances as well as the anisotropy, pentamode material is potential for the
control of both acoustic and elastic waves. Several examples are presented to illustrate the capacity
of wave manipulation by pentamode materials. The first explores underwater acoustic cloak with
broad frequency performance. An underwater cylindrical acoustic cloak is designed and verified by
numerical simulations. Following the design, a cloak sample is machined and tested in a designed
2D underwater waveguide. Transient experiment demonstrates an excellent cloaking performance
over a broad frequency band of 9 ~ 16 kHz. The second example focuses on underwater acoustic
wave insulation. By exploiting the highly anisotropy in modulus, a deep subwavelength thin slab of
pentamode  material  is  shown  to  be  able  to  effectively  block  underwater  acoustics.  The  third
example is concerned with elastic wave mode filtering. By tuning its anisotropy and principal axis
orientation,  pentamode material  can be designed to selectively filter  shear wave or longitudinal
wave,  which  has  been  difficult  by  using  traditional  solids.  These  finding demonstrates  a  great
capacity  of  mechanical  wave  tailoring  by  solid  pentamode  materials,  and  may  surely  find
engineering applications in the near future. 



Frequency dependent anisotropic acoustic propagation in heterogeneous
materials: continuum modeling in the framework of strain gradient elasticity
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Objective of this talk is to show that a continuum model based on strain gradient elasticity is suitable for
describing anisotropic frequency dependent wave propagation, in the context of microstructured materials.
These phenomena are particularly observed in periodic cellular materials. 
In order to show the reliability of the model, a case study of hexagonal lattice is considered. The model is
tuned and tested in some relevant time domain configurations. 
Some applications  will  be  shown,  for  presenting  the capabilities  of  the  model.  In  particular,  frequency
dependent beam steering can be achieved. This means that the mechanical energy can be directed towards
specific directions, depending on the frequency. Once correctly tuned, the strain gradient continuum model
allows for the optimization of cells’ arrangement by a pointwise computation of the Poynting vector. This
allows to control energy propagation. In Figure 1 a quantitative comparison between the results obtained by
performing  a  finite  element  simulation  on  the  actual  microstructure  (left)  and  on  the  Strain  Gradient
Elasticity model (right) is shown. As it can be noticed, the energy flows in specific directions aligned with
the material symmetries. By controlling the orientation of the cells, this energy flow can be directed toward
specific directions. Other applications will be shown in the presentation. The results presented in this work
are derived from [1], [2] and [3]. 

Figure 1: Snapshot of time domain response to a pulse localized at the center of the domain for beams arranged in
hexagonal geometry (left) and continuum strain gradient model (right)
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