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Abstract

The materials of honeycomb structure have the characteristics of low relative density, high
toughness, lightweight, good insulation and sound insulation effect, and good energy absorption
performance. Due to these advantages, honeycomb structures are widely used in fields such as
aerospace, machinery, packaging, and automobiles. When studying the energy absorption per-
formance of honeycomb structures as a starting point, in-depth discussions were conducted from
two aspects: In-plane impact and out-of-plane impact. As for the former, its advantages can be fully
reflected and have greater value in engineering applications. Therefore, this article will study the
impact and optimization analysis of honeycomb structure wall thickness and bending angle on
energy absorption performance. Firstly, based on the finite element analysis method, the influ-
ence of the wall thickness and bending angle of the honeycomb structure cell on the total energy
absorption, total mass, and specific energy absorption of the honeycomb structure in a fixed area
under the impact load in the plane of the honeycomb structure was analyzed. Finally, with the
structural wall thickness and bending angle as design variables and the specific energy absorption
and mass as optimization objectives, an approximate surrogate model was established. The
second generation non-dominated sorting genetic algorithm (NSGA-II) was used for the mul-
ti-objective optimization design of multi-cell structures, and the pareto solution set of the struc-
ture was obtained. After multi-objective optimization, the structure achieved the maximum total
energy absorption and minimum total mass in a fixed area.
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Figure 1. Hexagonal honeycomb material
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Figure 2. Compressive stress-strain curve of honeycomb materials
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Figure 3. Geometric model of honeycomb structure
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Figure 4. Geometric dimensions of honeycomb material cell body
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Figure 5. Finite element model of honeycomb materials
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Figure 6. Cellular energy and hourglass energy
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Figure 7. Deformation process of honeycomb structure under 10 m/s impact
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Figure 8. Incomplete collapse
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Table 1. Simulation parameter data table for different wall thicknesses

® 1 TREENHESRBER

Fe t; (mm) ty (mm) I (mm) h (mm) o d (mm)
1 0.2 0.2 4 4 120 4
2 0.25 0.25 4 4 120 4
3 0.3 0.3 4 4 120 4
4 0.35 0.35 4 4 120 4
6 0.4 0.4 4 4 120 4
7 0.45 0.45 4 4 120 4
8 05 0.5 4 4 120 4
9 0.55 0.55 4 4 120 4
10 0.6 0.6 4 4 120 4
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Table 2. Total mass of honeycomb material M
F2 BEMHRHNEREM

t (mm) 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6

M (kg) 0.039 0.049 0.059 0.069 0.079 0.089 0.099 0.109 0.119
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Figure 10. The relationship between total energy EA and wall
thickness t under different in-plane impact velocities
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Figure 11. The relationship between SEA and wall thickness t
under different in-plane impact velocities
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Table 3. Simulation parameter data table for different bending angles

*® 3. TEFANTNTESBHER

Fe t; (mm) ty (mm) I (mm) h (mm) o d (mm)
1 0.3 0.3 4 4 70 4
2 0.3 0.3 4 4 80 4
3 0.3 0.3 4 4 90 4
4 0.3 0.3 4 4 100 4
5 0.3 0.3 4 4 110 4
6 0.3 0.3 4 4 120 4
7 0.3 0.3 4 4 130 4
8 0.3 0.3 4 4 140 4
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Figure 12. The relationship between the total mass M and
the bending angle of honeycomb materials
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Figure 13. The relationship between total energy absorption EA and
bending angle under different in-plane impact velocities
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Figure 14. The relationship between specific energy absorption
SEA and bending angle under different in-plane impact velocities
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min(-EA,M)
s.t.0.2mm <t <0.6 mm
70° <6 <140°

Okg<M <0.5kg

AR - THD 5709 P SRR B AR RE A 5 AT S AR ABE AR, R ECHS AL (v B TR Y (RSM) s o LA
FER(KRG). 12 % TR 7R (OPM) FIAR [) FE A 42 P 28 A Y (RBF) [13], BN PURPARERASE AL, X EAS[AIAR
PRSIk 4 B,

A PRI (RS 3 ph g A% R2 A5 ARAE RMSE 174, i R2<0.2, RMSE > 0.9, AN
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Table 4. Error accuracy evaluation of proxy model
4 RERBEMREREITMG

i 7 RSM KRG OPM RBF
RMSE R2 RMSE R2 RMSE R2 RMSE R2
EA 0.028 0.99 0.069 0.96 0.076 0.91 0.065 0.97
SEA 0.057 0.97 0.083 0.95 0.089 0.90 0.062 0.97

IR 2 5, Tk IR A R H AR ek B R A . 8 AR SO HE P i85 B2 (NSGA- 1)
BABEHEBER. ARSI, HETRRHBON 2 B EERN AT 2 Bisthiib. %
BAEEECH 20, BLARECN 50, BOREARECH 1000, B XHEEJY 0.9, KARISEIZ HER NSGA-II 54k
TR SATRII AR, TR S A, i 15 iR,
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Figure 15. Pareto solutions for honeycomb structures
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Table 5. Finite element simulation verification of pareto solution
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