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Mechanical metamaterials feature an artificially designed microstructure resulting in spe-
cific macrostructural mechanical behaviour [1]. Active metamaterials [2] can change their
properties without change in geometry, for example by pneumatic actuation [3, 4]. In-
spired by a beam exhibiting varying levels of resistance against compression when de-
formed into S-shapes of different wavelengths, we propose a two-dimensional square lat-
tice metamaterial whose macroscopic stiffness under compression can be repeatedly tuned
by pressure actuation. First, we test this idea on a material in which the different wave-
lengths are predetermined by the initial geometry. We perform computational tests on
a finite element RVE model and find the expected effect on macroscopic stiffness in line
with analytical predictions. We then propose a pneumatically actuated microstructure
with switchable stiffness triggered by changing air pressure in the voids of the square
lattice while still retaining the same initial geometry. Based on systematic computational
testing we find the concept feasible. However, design drawbacks are identified, namely
the necessity of transversal ligaments posing a problem to the full development of the
desired pressurized shape of the material. We discuss several possible ways to overcome
these obstacles.

Acknowledgment: This work has been supported by the Czech Science Foundation,
project no. GA19-26143X.

REFERENCES

[1] Yu, X., Zhou, J., Liang, H., Jiang, Z., and Wu, L. (2018). Mechanical metamaterials
associated with stiffness, rigidity and compressibility: A brief review. Progress in
Materials Science, 94:114–173.

[2] Pope, S. A., Laalej, H. (2014). A multi-layer active elastic metamaterial with tune-
able and simultaneously negative mass and stiffness. Smart materials and structures,
23(7), 075020.

[3] Khodasevych, I., Rowe, W., and Mitchell, A. (2012). Reconfigurable fishnet meta-
material using pneumatic actuation. Progress in Electromagnetics Research B,
38:57–70.

[4] Hedayati, R., Lakshmanan, S. (2020). Pneumatically-actuated acoustic metamate-
rials based on Helmholtz resonators. Materials, 13(6), 1456.


