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Abstract

Pentamode metamaterials (PMMSs) [1,2], categorized as a new class of three-dimensional solid
mechanical metamaterials, refer to artificially engineered lattice materials exhibiting a vanishing
shear modulus, mimicking the behaviour of fluids but are solid, and hard to compress yet easy to
deform. Here ‘penta’ denotes five, referring to only one non-zero but five vanishing eigenvalues in
the elasticity tensor of isotropic materials. The extraordinary elastic properties of PMMs are
dominantly determined by the geometries (i.e. shapes and topologies) of rationally designed
microstructures, instead of the composition of their base materials. Compared to most up-to-date
design methods based on conventional rigid-body double-cone concept related to diamond lattice,
this lecture is more focused an innovative computational design methodology using topology
optimization to uncover new micro architectures with novel geometries over a range of effective
properties and relative densities. The overall elastic deformation of the microstructure is utilised to
achieve the pentamode properties, rather than making use of the highly localised point-point
deformation gained from rigid-body links (tiny tips). The design problem is then formulated to make
the microstructure have a large but realistically attainable ratio of effective bulk modulus compared
to the shear modulus, corresponding to the isotropic microstructure with the effective Poisson’s ratio
approaching to 0.5. The larger of the ratio, the better of the PMM solids to simulate liquids. The
whole microstructure is discretised with a high-resolution finite element mesh, in order to capture the
fine geometric features of the ultralight microstructure in the space. The SIMP-topology optimisation
method [3] is firstly applied to find the topologically optimised pentaomode microstructure, and then
based on the skeleton of the topological design the size optimisation approach is further used to
investigate the impact of the size dimensions to the pentomode properties. The SLM (selective laser
melting) technique [4] is used for rapid prototyping fabrication of the optimised microstructures with
metal materials. Several numerical cases are used to demonstrate the effectiveness of the proposed
optimisation method for creating novel pentamode materials. The computation is conducted using
UTS ARCLab high-performance computing clusters. It can be found that the effective Position’s
ratio of the microstructure gradually close to 0.5 and the ratio of effective bulk modulus with respect
to the shear modulus is getting larger, along with the reduce of the size dimension of the beam of the
microstructure, although the manufacturing is becoming more difficult.
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