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Abstract. In the proposed presentation, shell-based finite element (FE) models were developed to
analyze thin, Kirigami plates undergoing in-plane tension. Kirigami is the art of adding cuts in thin-
materials, typically paper. These small cuts create a compressive stress at the tip of the cuts, which
causes an out of plane deformation under significant tensile loads. The out of plane deformation
changes the incidence angle of the plate that varies with the tension applied. The out of plane
deformation on a thin plate depends on the geometric of the cut like cut length, cut width, radii of
curvature at the corners; and how the cuts are arranged like stagger distance, width between rows of
cuts etc. The goal of this work is to develop an optimal design that maximizes the out of plane
deformations. The initial finite element model has been created in ABAQUS, a commercial FE
software and is depicted in figure 1. A uniform deformation of 10% of the plate’s height was applied
to the top surface.
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Figure 1: (a) Isometric view of deformed plate (b) Right View of deformed plate

To enable a non-linear response analysis, an initial imperfection-seeding is conducted by direct-writing
of the Abaqus input file to alter each node of a flat configuration, to a certain “imperfect” height using
a standard double-sine Fourier series. A surrogate-assisted global optimization will be performed to
obtain the optimal parameters that maximizes out of plane deformations as well as in-plane stiffness.
Potential applications of tension-buckled thin Kirigami plates include for large solar-tracking solar
cells for lunar and Martian habitats where a feedback-controlled tension system can be implemented
for optimal power generation based on the sun’s position and angle of incidence of the tension- buckled
panels !,
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