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Abstract:

Lightweight structural efficiency is one of the hardest constraints on space hardware, and architected
lattice metamaterials answer it directly: their periodic strut-based microstructure delivers high specific
stiffness while adding functionalities unavailable to bulk materials. What limits their adoption is not the
concept but the cost of exploring the design space and the sensitivity of the resulting geometries to the
manufacturing process.

This doctoral work develops two complementary design tools. An efficient beam modelling framework
for strut-based phononic crystals, with individually calibrated joint stiffening, reproduces solid finite
element dispersion curves within 1.73% at about 2% of the computational cost and matches the
measured transmissibility of additively manufactured samples; a Monte Carlo analysis then traces the
experimental sample-to-sample scatter back to process-induced strut thickness variability. A parallel
effort targets inverse design: a generative workflow explores truss topologies directly against a target
mechanical response, using a variational autoencoder trained on nonlinear unit cells, and is applied to
a passively morphing aerodynamic profile.

Realisation has so far relied on polymer additive manufacturing, with metal as the natural progression.
Printability analyses on high-strength aluminium alloys, built on roughness models calibrated over
printed specimens across build angles and process parameters, combine these with cost models and
optimisation algorithms whose output is automatically reintegrated into CAD models, so that
manufacturability is enforced while the geometry is generated. This route now extends to LPBF-
processed modified Al2024 metal matrix composites, whose high strength makes them candidate
substrates for architected lattices, with process qualification as the current focus.



