A ROM-driven BDDC solver for unfitted 2D lattice structures
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Abstract. The advent of additive manufacturing has enabled the fabrication of a novel class of
architected meta-materials, such as lattice and cellular structures. When these structures exhibit a
limited number of cells along certain directions or lack periodicity, standard homogenization
techniques may lead to a loss of accuracy. As an alternative, full-scale simulations can be employed,
but they quickly become computationally prohibitive as the number of cells increases.

In this work, we propose a fast computational framework for the linear elastic analysis of 2D lattice
structures defined through level-set functions [1]. This implicit representation naturally accommodates
non-periodic cell geometries by enriching the level-set description with piecewise linear terms,
allowing deviations from standard triply periodic minimal surface patterns. To further enhance
geometric flexibility and enable smoothly curved macroscopic shapes, cells are equipped with high-
order geometric mappings that remain compatible across interfaces. An example of such a geometric
construction is shown in Figure 1, depicting a 2D airfoil with an internal lattice structure.

Figure 1 Geometry of a 2D lattice airfoil and detailed view of its internal lattice structure.

The discretization is based on unfitted high-order finite elements, where each cell is represented by a
single element with a high polynomial degree. To efficiently address large-scale problems, we employ
a domain decomposition strategy based on the Balanced Domain Decomposition by Constraints
(BDDC) method, in which each cell is treated as an individual subdomain. To further reduce the
computational cost associated with the assembly of stiffness matrices on cut elements, we introduce a
reduced order model (ROM) based on the matrix discrete empirical interpolation method (MDEIM).
The ROM approximates an auxiliary tensor that is independent of the geometric mapping of each cell,
thereby allowing a single reduced model to be reused across a wide range of mappings.

The proposed approach is demonstrated on complex lattice configurations, including a wing-like
structure (depicted in Figure 1), showing that problems with tens of thousands of cells can be solved
in seconds on a standard laptop while maintaining scalability and accuracy.
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