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Abstract: Ultrasonic measurements combined with numerical modelling are used to analyze the elas-
tic and acoustic properties of morphologically complex ceramic bodies assembled by the Robocasting
technique. It is shown that the micromechanics of the robocast periodic scaffolds leads to several
metamaterial-like wave propagation phenomena. Besides the expectable prominent elastic anisotropy
and the frequency band structure resulting from the periodicity of the scaffold, a wave-mode mixing
is observed that disables the conventional distinguishing between quasi-longitudinal, quasi-shear, and
pure shear modes for propagation in the symmetry planes of the structure. This paper proves the ca-
pability of Robocasting, as a versatile three-dimensional (3D) printing method, to produce tailored
acoustic metamaterials with very low damping and outstandingly strong acoustic anomalies.

Robocasting is a free-form additive-manufacturing method for fabrication of cellular ceramic ma-
terials with regular complex architectures [1]. Besides the already well-explored suitability of the
robocast scaffolds for applications in advanced filtering [2] or bone tissue engineering [3], these cel-
lular materials posses also unique acoustic properties [4], similar to those of the so-called acoustic
metamaterials. Among these properties, the frequency band-gap structure and the extremely strong
anisotropy leading to refraction anomalies are the most noteworthy.

In this contribution, we present an analysis of vibrational properties and related macroscopic (ef-
fective) elasticity of robocast silicon carbide scaffolds densified by spark plasma sintering (SPS).
The experimental method used for such an analysis is the resonant ultrasound spectroscopy (RUS,[5,
6]), that is, in combination with finite elements modeling (FEM), able to determine all independent
anisotropic elastic moduli of the scaffold. The main part of the analysis is carried out on tetragonal
architectures shown in Fig.1; however, due to the high versatility of the Robocasting method, sev-
eral different architectures can be designed and prepared. As illustrative examples of this versatility,
properties of scaffolds with monoclinic and hexagonal arrangements of the rods are presented, and
compared to the tetragonal case.

It is shown that the analyzed scaffolds exhibit outstandingly strong acoustic anomalies, in particular
in the acoustic energy focusing and acoustic wave mode mixing, and simultaneously also very low
internal friction parameters, comparable to those of bulk silicon carbide ceramics. This makes the
robocast materials promising candidates for applications in acoustic energy engineering, such as in
lensing or cloaking devices.
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Fig. 1: (a) the regular structure of the robocast scaffold after the SPS; (b) a finite elements model of
a scaffold under prescribed shear loading.
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