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Abstract
Meta-materials with intricate geometric features enable tunable (macroscopic) mechanical properties, unlocking

applications across engineering, biomedicine and further domains. However, the manufacturing process of these

architected materials tends to introduce geometric imperfections in real objects and components. Geometric

deviations from perfect (nominal) geometry impact the desired mechanical behavior of manufactured parts, which

is typically estimated by means of physics-based simulators that assume idealized geometry. Investigating the

real geometry of meta-materials is therefore essential for their reliable functionality and enhancing their digital

models [2, 1]. This study introduces a procedure for quantitative geometric analysis of thin-walled Triply Periodic

Minimal Surface (TPMS) structures, in particular, of Gyroid type. The sensitivity of solid-based Finite Element

(FE) analysis to geometric imperfections motivates the incorporation of geometric details of as-printed objects into

FE simulations. A parameterization of geometric variability and deviations in real thin-walled meta-materials is

proposed using two key geometric features: “mid-surface position” and “wall thickness”. These features initially

provide quantitative metrics that enable a direct comparison between real and nominal geometries. Secondly, these

parameterized features can be directly embedded into shell-based FE models, thereby enhancing their ability to
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represent the as-manufactured geometry. Such shell-based FE models require significantly lower computational cost

compared to solid-based FE models, while allowing an efficient, surrogate means for incorporating real geometric

details. The proposed procedure for estimating the aforementioned geometric parameters uses the Signed Distance

Field computed for contour meshes that are extracted from computer tomography (CT) images. This process

is demonstrated using real printed specimens, followed by an illustration of the influence of incorporating the

estimated geometric features into FE simulations.
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