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Abstract The semi-reentrant honeycomb structure has the characteristics of zero Poisson’s ratio, and is a hybrid form
composed of hexagonal honeycomb structure and reentrant honeycomb structure. Therefore, the deformation characteristics of a
semi-reentrant honeycomb cell can be obtained through deformation coupling of a hexagonal honeycomb cell (with a positive
angle) and a reentrant honeycomb cell (with a negative angle ). Based on the different mechanisms of bending, tensile, hinge , and
shear deformation of hexagonal honeycomb cells and reentrant honeycomb cells, and considering the influence of the cell wall
thickness, a deformation mechanism of semi-reentrant honeycomb cells was established. An equivalent theory of mechanical
properties of in-plane deformation was derived to predict its elastic modulus and Poisson’s ratio in different directions in the
plane. The effects of geometric parameters (tilt arm length [, vertical arm length h, angle a, angle B, structure thickness d and
unit wall thickness ¢) on in-plane tensile properties (elastic modulus and Poisson’s ratio) of semi-reentrant honeycomb structure
were analyzed using the finite element method. By comparing the finite element simulation results with the prediction results of
the equivalent theory, the effectiveness and accuracy of the equivalent theoretical model were verified. Comparing the prediction
results of different equivalent theories shows the importance of considering the effects of different deformation mechanisms and
wall thickness to accurately predict in-plane tensile properties.
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Tab.2 Tension mechanical property for semi-reentrant honeycomb structures in x and y directions
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Tab.3 Deformation mechanisms applied in different equivalent theories

(d)Prediction error band for tensile deformation in the y-direction

A ML Deformation mechanism

AR Prediction model BT

Hinge deformation

WYY

Shear deformation
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Bending deformation
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Tension deformation
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