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Fig. 1 Geometric dimensions of traditional star-shaped honeycomb structure
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Fig. 2 Two kinds of rotating cellular cells
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Fig. 3 Nominal stress-strain curve and energy absorption

efficiency curve of honeycomb structure
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The time-varying curve of the proportion of hour-

glass energy to the total energy of the system when

the traditional star-shaped honeycomb is impacted
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Table 2 Platform stress of three models under different

impact velocities

R FAY 1 BT 2 R 3
v(m/s) o (MPa) 6, (MPa) o, (MPa)

3 1. 100 1.043 0.985

10 1. 408 1.699 1.074

20 1.439 2.821 2.196

60 6.359 3. 080 4,219
120 12. 286 10. 138 16. 942
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Table 3 The compact strain of three models

under different impact velocities

B v(m/s)  BA 1 e, iR 2 ey iR 3 ey
3 0. 665 0. 683 0.635
10 0.724 0.733 0. 700
20 0. 737 0.748 0.751
60 0.781 0. 780 0.784
120 0. 801 0. 802 0. 827
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Table 4 Compressive load efficiency of three models

under different impact velocities

B v(m/s) BRI o R 2 o A 3 o
3 0.949 1.051 0. 860
10 0.672 0.718 0.933
20 0. 809 0.739 0.458
60 0. 244 0.259 0.787
120 0.538 0. 848 0.667
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Study on Energy Absorption Characteristics of Rotating

Star-Shaped Honeycomb Structure with Negative Poisson’s Ratio

Baoqing Zhang Sen Jiang

(Changchun University of Science and Technology, School of Mechanical and Electrical Engineering , Changchun, 130022)

Abstract The negative Poisson’s ratio honeycomb structure is widely used in the field of impact pro-
tection because of its unique mechanical properties and excellent energy absorption capacity. The evolution
of local dynamic stress in this structure is closely related to changes in its cellular microstructure under dy-
namic impact., Current research on negative Poisson’s ratio structures mainly focuses on improving overall
energy absorption capacity of the structure by designing cells with concave deformation mechanism, often
ignoring the structural optimization of existing models and lacking exploration of other energy absorption
mechanisms of rotary deformation. To further improve the dynamic response of star-shaped honeycomb
structures with negative Poisson’s ratio under in-plane impacts, the rotation characteristics of cells are
studied in this paper. Building on traditional designs, the star-shaped honeycomb structure is further opti-
mized, and the deformation energy absorption mechanism of star-shaped honeycomb cell is endowed with
the coupling idea. Based on the principle of relative density equality, two types of rotating star-shaped cel-
lular cells with double negative Poisson’s ratio effect are obtained by internal rotation and external rota-
tion: internal star-shaped cellular cells and external star-shaped cellular cells. The energy absorption char-
acteristics of different honeycomb structures under in-plane impact loads are studied using numerical simu-
lations, and the influences of both concave and rotating deformation mechanisms on the energy absorption
characteristics of honeycomb structures are investigated. Based on one-dimensional shock wave theory and
energy absorption efficiency method, empirical formulas for dynamic platform stress and dense strain of
star-shaped honeycomb structures are given, and the formulas for calculating their relative density are es-
tablished. According to the theory of critical velocity, the first and second critical velocities of the star-
shaped honeycomb structure are determined. The dynamic response of the rotating star-shaped honeycomb
structure under different impact velocities is analyzed using the explicit dynamic finite element method.
Simulation results are compared and analyzed with the evaluation indexes of model macro and micro de-
formation modes, platform stress, and specific energy absorption. The results show that when the new
structures are impacted, their cells first rotate and then recess, exhibiting a stronger negative Poisson’s
ratio effect. Under the impact at a medium speed of 20 m/s, the platform stress of the internal honeycomb
structure is higher and the stress stability is better. In the platform stage, the stress fluctuation of the ex-
ternal spiral honeycomb structure is more severe, but it has higher specific absorption energy under the im-
pact at a high speed of 120 m/s. This study shows the relationship between the concave mechanism and ro-
tation mechanism of the star-shaped honeycomb structure and its energy absorption characteristics, provi-
ding new insights for optimizing the impact dynamic performance of honeycomb structures.

Key words negative Poisson’s ratio, internal rotation, external rotation, rotating star-shaped honeycomb





