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Compression mechanics and energy absorption characteristics of multi-bionic hollow

curved lattice structure
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(1. Hubei Key Laboratory of Advanced Technology of Automotive Components, Wuhan University of Technology, Wuhan
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Abstract: To develop lightweight structures with enhanced mechanical properties and excellent energy absorption
capabilities, the new multi-bionic hollow curve (MHC) lattice structure has been proposed. The MHC structure ex-
hibits high plateau stress, stiffness, strength, and specific energy absorption. Finite element models of the body
centered cubic (BCC) lattice structures under quasi-static compression were established using Ls-Dyna software.
The accuracy of the numerical model was validated by comparing the experimental and simulation results. Addi-
tionally, the mechanical and energy absorption properties of BCC, curve body centered cubic (CBCC), hollow body
centered cubic (HBCC), and MHC lattice structures under quasi-static uniaxial compression were studied. The
results show that the MHC lattice structure, by combining hollow and curved designs, significantly enhances the

moment of inertia of the structure's cross-section and exhibits two deformation modes: strut bending and thin-

Wi B : 2024-09-10; fEEIAHA: 2024-11-03; SRABHA: 2024-11-22; MEEZATE: 2024-11-28 14:49:00
M4 E % #idk: https://doi.org/10.13801/j.cnki.fhelxb.20241128.001
HEEWH: EXAREES (52475277)
National Natural Science Foundation of China (52475277)
BISIERE: TRIERE, WL, RIS, LA W, BFS0 07 10 AR A SR e B O s RAER 45U AE 3T E-mail: xufx@whut.edu.cn

SIAR: XUIEH, TRIGEHE, BUHRER, 45, 2004 2s thil s FREi A 4 1 o7 RO RERHIE 7). B RkAR, 2025, 42(9): 5351-5365.
LIU Zhengpao, XU Fengxiang, ZHU Yifan, et al. Compression mechanics and energy absorption characteristics of multi-bionic hollow curved
lattice structure([J]. Acta Materiae Compositae Sinica, 2025, 42(9): 5351-5365(in Chinese).


https://doi.org/10.13801/j.cnki.fhclxb.20241128.001
mailto:xufx@whut.edu.cn

- 5352 -

EEMRER

walled crushing. This design increases the number of plastic hinges during compression, resulting in superior

mechanical performance. Parametric studies show that when the amplitude is 0.8 mm, the wall thickness is 0.5 mm,

and the outer diameter is 7.2 mm, the MHC lattice structure exhibits 176.3%, 231.3%, 424.0%, and 716.8% improve-

ments in plateau stress, specific energy absorption, specific strength, and specific stiffness, respectively, compared

to the BCC lattice structure. The integration of multiple biomimetic features offers an innovative strategy for design-

ing lightweight, high-performance lattice structures with significant application potential.

Keywords: multi-bionic metamaterials; hollow lattice; numerical simulation; mechanical properties; energy

absorption
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CBCC—Curve body centered cubic; HBCC—Hollow body centered
cubic; MHC—Multi-bionic hollow curve; D,—Diameter; t—Thickness;
L—Length; A—Amplitude
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Fig.2 Different types of lattice structures

1.3 HaEEESiKE

BCC Fl MHC xi Ff #% A1 1 +% O [# 1k (Stereo
lithography appearance, SLA) fJEIH; AR, & H
o S HORAR (I3 3 8 B = e B A A PR A
FERIEM B, BARTESHCh: B RR
1w, #iIfE# N 100 g/h, JZIEN 0.05mm, TE]
% N 1SLA660 7 5% [# 1k 3D #T ERAL (I8 M o B 2
B = e Oy A BR A w] ). F T 28 A1 et I B
S 90 min AT EfLALFE, JFRCEAH, LIGE
MR PERE DL S Ty 2 VERE R AR E PR, PR AT UE
BRI . BCC J MHC #EF il 52 br R ~F 5 i
HUNEE 2 fiR,

T VAL RS R R W A R, WAk
A5 IV A I 235 4 T T 2 i 1 BSOHE o A T DA

F1 4% BCC B B R PELEMFHR T S

Table 1 Detailed dimensions of the lattice structures of the

four BCC types
Unitcell L/mm D;/mm  A/mm t/mm  p/%
BCC 10 2.15 - - 20.28
CBCC 10 3.24 0.4 - 20.32
HBCC 10 2.86 - 0.6 20.29
MHC 10 4.64 0.4 0.6 20.36

Note: p—Relative density.
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Table 2 Manufacturing sample parameters

Desi
Sample tvpes No diiileg;ion / Sample Actual relative Theoretical relative Relative error of
ple typ . () mass/g density pm/% density pc/% o (om-pc)/ pcx100%
1 49.51 20.11 -0.84
BCC 60x60x60 20.28
2 50.21 20.38 +0.52
MHC R R -0.
. ! 60x60x60 419 17.02 17.67 0.65
(Reinforcement) 2 425 17.26 -0.41
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Fig.3 Quasi-static compression test of BCC sample
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Fig.4 Real stress-strain curves of material
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Fig.5 Numerical model of quasi-static compressed BCC lattice structure
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Fig. 7 Comparison of compression process test and simulation of BCC lattice structure
7 . B BRI oE], A BRI Bk A A
— . —BCC Second reinforcement e e
¢ L ——cBCC : DR BT U1 X AR R o A XS e 78— %o 3

| - - -HBCC * s
— - MHC ‘ s
5t AN

; First plateau stage / . (
[ ‘**”**’*"”/’»‘ !
% 7 }/ - - - 1’ ," !
31 S
o - i
2T / S X ==~ - /
1} yaras - . RN I
4 Turbulence point g
v
0 0.1 0.2 0.3 0.4 0.5 0.6

Strain
[ 8 4 FlUS FELE R ) - R AR 4k

Fig. 8 Stress-strain curves of four lattice structures
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Fig.9 Compression deformation process of four lattice structures
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Fig. 12 Mechanics and energy-absorbing characteristics of four lattice structures
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Fig. 14 Mechanical and energy absorption characteristics of MHC lattice structure with different wall thicknesses when the amplitude A=0.8 mm
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