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Fig. 3 Bionic core cell and its cross-section graphics
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Fig. 4 3D printed honeycomb core and bionic core (nylon PA12)
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Tab.1 Thickness and mass of the core sample

(¢) BTLEC,,,

2:H Type ¥ 5L Thickness #/mm Jiit Mass m/g
BTLFC, 122 70.05
BTLFC,,, 0.94 69.66

HCP 1.70 70.48
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Fig.5 Finite element model of the sandwich plate core

2 FEREREER ST
2.1 SRR

SRy TG b A 5 A S A Y I R R 8 UK g
(Energy Absorption, EA) | tt W fiE (Specific Energy
Absorption, SEA) | I {H H 15t JJ (Peak Crushing Force,
PCF) . *F-3J &5t /1 (Mean Crushing Force, MCF)E 4
PR

W RE Ay 25 A6) 38 3 AR T W WY S RE i, HLAEL E,, 1T
FH A Z 05 i R 15 3]

FU W RE DAy B S 25 A T IR A H) fE R, HLE S
MR, W BERCR s . Rkl
Ey

m

Sepa = (1)

X, m A5 T
WAL 5 17 2 915 4% ) A s 406 2o 7R 32 9 i R 3K
ay , 1 LU B - A IR A2, BT Py = F o
P-4 s 95t AR B s 4 B S A4 4 2 Ay, LR
(2)

K, d RS
2.2 RGN

SR T EG AT A U A 5 B O R IR B AR 43
JR T HERR S R . R, 8 B O O R
P, EAR T FE SRy 2 mm/min, RFE 0 45 v B ik
FIHAR 1 FE 1 60%~T70% , R 3 B R4R(V F2 4 13 mm,
WE 6 fitR . TEEGEL R, ML R G SR AR 2
fop 55 RLASHAE | 4 L T W (E R 05t T, B A AR I IR A
SRSt R e - A 2R IR T A IR -

LRITERR (&)

Upper rigid plate (moving

HNEEE Loading speed

v=2 mm/min

PRI ()
Lower rigid plate (fixed) -

Blo #EBSEMAL
Fig. 6 Quasi-static compression test
2.3 HBROM
IR TSR B - it 2, a7
JirR o Sl AR 7 AT LUR I, MR AR R AE] 12 mm
FEAT IS 7 AR U VA R 8 AR ) A8 A g 1 B R e L T
M. KR BHEIZ G Bt A T BUE kit 12
PR T AR 2 S AR A A% O 12 mm,
TEA SR AR IR A, A7 -0 8% 2 A4 20 A 45 2R f
N AE BRI RS AEOL T, 0 A B R B (BT 35t )
AR TE L, H BTLFC, 4., (1 W5 He 15t 7 300 5 0 1
P T 4.25%, X Ui 15 48R BTLFC |, BB 7R 52
TERBYFN 7, ) st 2 B H B DR A R 30 S o i 4
AR BTLFC, ., A UEEAELIT 358 71 DTS /N T 0
SRR VR B RO, I — 2D SO AR AR A
Y B U AT BT 4 (0L F% 9 B LL IR BE P 3 SR 35T
W 8 FioR o AR M T HCP, BTLFC, 4, fE fif
o W SRR T 2R A A T Rl A e
PR S T 5.69%; ¥ 24 T Bt J1 48 % T 4. 46%, TN



47 B 103

TOH A ORI RS G I BRI S 127

BTLFC, ., [ LW fE F1°F 19 i 7 4K T HCP, 45
|, #H%F HCP,BTLEC, ., FU RE B WU fiE /1 5 & 2 fig

TV O RS B
200
1801
160
1401
120¢

100 |

80| ~—— BTLFCis01
— BTLFCi0-

601 —— HCP

40

20

# A Load/kN

0 1 2 34 56 7 89 1011 1213
{7 # Displacement/mm
E7 {FESE(BTLFC) 554 (HCP) M far-Ar# i 4k
Fig.7 Loading-displacement curves of the bionic core BTLFC and
the honeycomb core panel
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Tab.2 Comparison of energy absorption indexes between test and

simulation
% GeFE bR BTLFC, ,, (0~3 mm) BTLFC, ¢, (0~3 mm)
Energy - . - . . -
absorption  IVHE P w2 WE e 1R
index Test Simulation Error/%  Test Simulation Error/%
EA/J 333.32  328.46 -1.46 336.01 343.15 2.13
PCF/KN 152.59  155.06 1.62 161.34  161.91 0.35
SEA/(J/g) 4.76 4.69 -1.47 4.80 4.90 2.08
MCF/KN  111.10  109.49 -1.45 112.01 114.38 2.12
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i=1

Py, J PRty H bR R EUEL ; 7, 38 1 Kriging #5470 i
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R o

UG JE R R A AR U5 D0, HARB T 1,
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TR FIT T ) 7 {101 S o P 22 ) ) 2 25 4 1 7 2% =2
P RS BE R o T AL Sy Py T 805 BE R 53501
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Tab.3 Error between the predicted value and the actual value of the Kriging surrogate model

25 F 284 Structural parameter W e SEA W AE 357 /1 PCF
R i S TL: O SR gy, MR SR,
Size ratio »  Bifurcation angle 6/(°) Fractal order D Predicted Actual value/ Error/% Predicted Actual value/ Error/%
value/(J/g) (J/g) value/kN kN

0.65 90 1 4310 4272 0.892 106.61 106.38 0.224
0.75 72 2 4.624 4.627 -0.084 117.12 118.16 -0.881
0.85 60 1 4.344 4.386 -0.960 111.56 112.59 -0.918
0.95 45 2 4.652 4.596 1.214 166.89 167.72 -0.495

1 30 1 3.895 3.885 0.268 145.52 145.57 -0.036
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B, 3 T Kriging 18 BB AY | fif ] NSGA- 1T %
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Fig. 11 Pareto frontier solution set of the bionic core
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Tab. 4 Predicted value and actual value of the optimal solution

) I fE SEA WA 35t /] PCF
ARSE R " \ — ‘ —
.Rﬂ“ FE Bifurcation Fractal it i SEPRAE iR B i PR iR
Size ratio r angle 6/(°) order D Mass m/g  Predicted value/  Actual value/ Error/% Predicted value/  Actual value/ Error/%
(J/g) (J/g) v kN KN ¢
0.6 90 2 61.75 5.100 5.081 0.37 135.26 136.04 0.57

4 Zig

L S I ik oA 45 A SRS e T — (0 i kAR R
AP IE AR I 5 5 B, RS T A
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r o XEE 0 Y TE B D) F R T £ BRI AL 5T .
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BTSRRI EE ). AEETREAMT,
BTLFC, ., Y HL WK fE 48 HCP 2 T+ T 5. 69% ; °F- ¥4 JE 5t
THRE T 4. 46%.

2) % F Kriging X 2 L & | ffi H NSGA- 1T %f
BTLFC #E A7k e i1, 45 2 55 A f# A 7=0. 6., 6=90"
D=2, Bl BTLFC, ¢, B W i V£ 58 £ 43, b e BB 4%
HCP 27+ T 10. 19% , We 8 5 15t 77 FEAK 12. 27%, it f&:
FEAR T 11.79%.
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Study on energy absorption characteristics of biomimetic fractal sandwich

plate core structure

YU Di'

WANG Zhaoyang® LIU Yansong® ZOU Meng’

(1. School of Mechanical Engineering, Changchun Guanghua University, Changchun 130033, China)

(2. College of Biological and Agricultural Engineering, Jilin University, Changchun 130022, China)

Abstract: To enhance the energy absorption efficiency of conventional sandwich panels, a biomimetic tree-like fractal

core (BTLFC) inspired by the dendritic fractal structure of the royal lotus leaf vein was designed. Firstly, quasi-static

compression tests revealed that the 2-order BTLFC exhibited a specific energy absorption 5.69% higher and an average load

4.46% greater than traditional honeycomb cores. Secondly, a finite element numerical model of the BTLFC was established;

combined with quasi-static compression test data, the finite element model error was within 2.2%, demonstrating high

accuracy of the model. Finally, Latin hypercube test design, Kriging surrogate model, and the non-dominated sorting genetic

algorithm-II (NSGA-II) were employed to perform multi-objective optimization on the structural parameter combinations of

the BTLFC (size ratio r, bifurcation angle 6, fractal order D). The optimized BTLFC structure exhibited superior

comprehensive performance, with specific energy absorption increased by 10.19%, peak crushing force reduced by 12.27%,

and mass decreased by 11.79% compared to traditional honeycomb cores. The findings provide novel biomimetic design

insights for developing high-performance energy absorption structures.

Key words: Leaf vein structure; Biomimetic design; Finite element; Energy absorption; Multi-objective optimization
Corresponding author: WANG Zhaoyang, E-mail: 1570594674(@qq.com
Fund: National Natural Science Foundation of China (52475019, 52075217)

Received: 2025-04-02



