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One unexplored area in mechanics is the design of tensegrity-inspired metamaterials [1, 2] with graded prop-
erties, realised by using cells with diverse geometric or physical properties. Modelling dynamic properties of
such metamaterials would significantly expand the possibilities of obtaining a variety of extreme properties and
improve the controllability of the systems under consideration.

A set of lattices designed from expanded octahedron tensegrity modules [2] with graded mechanical properties
is shown in Fig. 1. The lattices are simply supported at the bottom surface. Their dimensions of 6 X 6 x 6 cm
correspond to those of planned additively manufactured samples and future experimental studies. Grey cells
have struts with a diameter of 1.5 mm and cables of 0.85 mm. Blue cells are thickened with a 4:3 ratio, and red
cells with a 5:3 ratio. The green layer consists of rotated cells with significantly lower vertical stiffness.
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Figure 1. Expanded octahedron lattices: a) periodic, b) top and bottom reinforced, c) top reinforced, d) soft middle layer.

The masses of the lattices are 47.47 g, 87.90 g, 67.69 g, and 48.20 g, respectively. The first six natural frequen-
cies and eigen-modes are analysed. The computational simulations are performed using a 3D frame model in
ABAQUS. The natural frequencies of the periodic lattice serve as a reference. These are, respectively, 640 Hz,
663 Hz, 740 Hz, 1833 Hz, 1905 Hz, and 2010 Hz. Mode shapes 1, 2, 4, and 5 correspond to bending in vertical
planes of symmetry, with one or two half-waves. Mode shapes 3 and 6 are torsional. Gradation b) does not
change the mode shapes, but reduces frequencies 1-3 by approximately 8% and slightly increases frequencies
4-6. The trends are different for gradation c). Mode shapes 1-5 do not change, while mode 6 corresponds to
compression/tension in the vertical direction. Frequencies 1-3 decrease by about 25% and 4—6 by about 12%.
Gradation d) does not alter the vibration modes and reduces frequencies: 1-3 slightly and 4-6 by about 10%.

An evaluation of lattices designed from other tensegrity modules will be presented at the conference. Compu-
tational simulations are promising and indicate the possibility of controlling the level of natural frequencies, as
well as the modes of these vibrations, by introducing gradations of mechanical properties.
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