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Fig. 1 Structural configuration
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Fig.2 Test specimens of grille-reinforced tubes
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Fig.3 On-site layout for quasi-static axial compression

testing of hybrid tubes
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Fig. 4 The finite element model
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Fig. 5 Deformation modes and force-displacement curves
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Fig. 6 Deformation modes and force-displacement

curves of the hybrid tube
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Fig. 7 Comparison of energy absorption performance of square honeycomb cells in different regions
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Table 1  The energy absorption performance of tubes with different thickness ratio

Number L/t m (g) F,(kN) F,. (kN) SEA (J/g) Collapse mode
S-1 0.04 106. 00 26. 35 20. 26 6.69 Diamond mode
T-6 0. 06 108. 19 27.46 22.11 7.15 Mixed mode
T-8 0.08 110. 44 28.62 23.30 7.38 Mixed mode
T-10 0. 10 112. 68 28.92 24,77 7.69 Mixed mode
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Fig.9 The deformation mode of the hybrid tube (T-8)

KRR AT AR AT A8 1R I PR AR A AZ T AR
AL REHE LN 10 Fir 7. 740 0] JE 4R T A AL X
T T DX A A% M I T 8 R A TR R it Ok AR A
2 BR324 PR AZ T 09 52 T80 I G P o 22 B P 19 5%
FSBPEAR . B A AT DX 30 s ) 52 B % S A e R O
1o o JIT LA A DX RE i I A 3 T 0 XL

10Ch) Jir 75 ity A 1) DX 3l A i G O oK 32 i 5 A
T B BF T R T A OR T A A5 A1 IR R A B 119 3 AR A2 TE
152 2 Bl e 20 5 A% 14 8 28 42 5 A W 2 4 6

WA JEBE LU ¢,/ 2 BRSNS 525 78 K00 ik W 2 /)
G0 BT A e e (L B fr S b TR A 11 &3k
LR, BEJRBELE ¢ /e, BS80S 545 11 1) I



. ois . 1 22 4R 2025 M5 16 %
‘ 10

— R XA i T

- - - HE] XA ST

i BI o sl BRI T
=
=
iy
=

AR BB RERR
(a)

& 10

A AT ST S A8 1 P A A% AT B0 T 2 A8 X IR RE P fiE (T-8)

Fig. 10 The deformation mode and energy absorption performance of the square honeycomb cells

of the hybrid tube deformed in a mixed mode (T-8)
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Fig. 11 The effect on the thickness ratio ¢, /¢, of

energy absorption performance
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Table 2 The energy absorption performance of tubes with different longitudinal cells number

Number n m (g) F, (kN) Fo. (kN SEA (J/2 Collapse mode
S-1 1 106. 00 26. 35 20. 26 6. 69 Diamond mode
N-2 2 106. 40 26. 89 21.72 7.14 Mixed mode
N-3 3 106. 86 27.67 20.99 6. 87 Mixed mode
N-4 4 107. 31 28.01 21.32 6.95 Mixed mode
N-5 5 107. 77 28.42 21.74 7.06 Mixed mode
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Table 3 The energy absorption performance of tubes with different width ratio

Number wy /W, m (g) F,(kN) F. (kN) Collapse mode
W-13 1/3 106. 00 28.16 21.76 Symmetric mode
W-12 1/2 106. 00 28.56 26.49 Extension mode

S-1 1 106. 00 26. 35 20. 26 Diamond mode
W-21 2/1 106. 00 26,74 20.92 Diamond mode
W-31 3/1 106. 00 27.26 23.36 Mixed mode
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Fig. 15 The deformation mode and energy absorption performance of the square honeycomb cells
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Energy Absorption Performance of the Origami-Ending

Tube Based on Grid Enhancement

Haiyan Li' Shizhao Ming® Caihua Zhou® Chenhao Teng® Zhibo Song®
('COMAC Shanghai Aircra ft Design and Research Institute , Shanghai, 201210)
(*China Academy of Launch Vehicle Technology, Beijing, 100076)
(* Laboratory of Structural Analysis, Optimization and

CAE Software for Industrial Equipment, Dalian University of Technology, Dalian, 116023)

Abstract To enhance the energy absorption performance of lightweight thin-walled tubular struc-
tures, a lightweight lattice structure was introduced into the end-folded origami tube, resulting in a novel
high-energy-absorption composite configuration. Quasi-static axial compression tests and finite element a-
nalysis of the composite tube revealed that, during deformation, the outer origami tube guided the deform-
ation of the internal lattice structure. Compared to a stand-alone end-folded origami tube, the incorpora-
tion of the internal lattice structure increased the average load-bearing capacity by 14. 77%. Furthermore,
a parametric study was conducted to investigate the influence of key design factors—including the thickness
ratio between the lattice and the tube, the number of longitudinal lattice cells, and the width ratio of the
lattice configuration—on the energy absorption performance of the composite tube. The results demonstra-
ted that variations in these parameters significantly affected the composite tube’s stiffness, leading to mul-
tiple deformation modes, including symmetric deformation, diamond deformation, extensional deforma-
tion, and mixed deformation, which in turn caused substantial differences in energy absorption perform-
ance. Notably, adjusting the internal lattice thickness and width ratio increased the average load-bearing
capacity by up to 30. 75%. Finally, a theoretical prediction of the composite tube’s average load was per-
formed using the super-folded element method, yielding an error of only 12. 1% compared to experimental
results. In summary, the proposed lattice-reinforced end-folded origami composite tube not only features
simplified manufacturing but also exhibits excellent energy absorption characteristics. Its innovative struc-
tural design provides valuable theoretical guidance and engineering insights for the structural optimization
and performance enhancement of similar composite tubes.

Key words hybrid tube, origami, grid enhancement, energy absorption, energy absorption mecha-

nism





