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Abstract
Multilayer panels are widely used in various industrial applications. Recently, the production of their inner layers

as metamaterials has become widespread, which allows significantly improving the mechanical properties of such

structural elements. The report is devoted to the presentation of the results of experimental research and numerical

modeling of deformation, accumulation of hidden damage and fracture of three-layer plates with a metamaterial

inner layer, manufactured using laser cutting and 3D printing technology. The results of experimental investigations

of specimens from the material of the inner layer and three-layer plates are presented. Data from short-term and

long-term tests of specimens at different temperatures, static and impact loading of manufactured three-layer plates

are presented. To analyze the stress-strain state and damage accumulation in plates with a metamaterial inner layer,

a calculation method based on the solution of the problem of long-term deformation is used. The results of the

solution of the problem of impact loading of the plate are considered as initial conditions. For the analysis of rapidly

spreading damage, an evolution equation for the scalar damage parameter is used. The formulated boundary – initial

value problem is solved based on the combined application of the Finite Element method and the time integration

method. The developed software using a three-dimensional finite element in the form of a tetrahedron is used for

https://docs.google.com/spreadsheets/d/1aFAOtdZp-YuB2-6xBzDjnfzj1DFytjk4/edit?gid=745985835#gid=745985835


modeling. The results of numerical studies are presented and compared with experimental data. The problems of

tension and bending of metamaterial plates, impact deformation and fracture of three-layer plates, and damage

accumulation in the cells of the inner layer of the plates are considered. Dmytro Breslavsky and Francesco Pellicano

acknowledge NATO SPS program, project G6176 “Composite Metamaterials for Aerospace Structures -CoMetA”

for the financial support.
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