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(a) The crease pattern and a basic (b) A diamond-patterned origami
unit of the diamond pattern tube model

1 Diamond HreRAE LI LTS HE X
Fig. 1 The geometry parameters of a diamond-patterned origami tube
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w = bsin(n,/2) =wsin(n,/2)/sin@. (7)
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Table 1  The geometry parameters of diamond-patterned origami tubes
Model N M ©/(°) w/mm a/mm 0,/(°) ! /mm
T-4 4 - 90 - 50 180 200
T-4-4 4 4 64.00 51.26 50 156.69 200.80
T-4-5 4 5 58.85 41.36 50 151.00 200.35
T-4-6 4 6 54.35 34.86 50 145.43 199.69
T-4-7 4 7 50.56 30.39 50 140.16 200.02
T-4-8 4 8 47.25 27.04 50 134.97 199.87
T-4-9 4 9 44.43 24.51 50 130.01 199.91
T-4-10 4 10 42.00 22.51 50 125.22 199.87
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%2, BN T) o, = 304.6 MPa, #iPERLEE E = 207 GPa, Poisson (JA#2) Hb v = 0.3,
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Table 2 Plastic stress-strain data for the mild steel

o, /(N/mm?) 304.60 344.19 385.51 424.88 450.39 470.28
£, 0 0.024 4 0.048 5 0.095 1 0.138 4 0.191 0
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Fig. 2 The different deformation modes of different diamond-patterned origami tubes
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Fig. 3 The load-displacement curves for some Fig.4 The initial peak forces and the mean crushing
diamond-patterned origami tubes in table 1 forces for tubes with different ¢ values
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Analysis of Diamond-Patterned Origami
Tubes Under Axial Crushing Forces

LIU Xiang', LI Dong-heng’
(1. School of Mechanical Engineering, Tianjin University,
Tiangin 300354, P.R.China;
2. School of Mechawnical Engineering and Automation, Northeastern University,
Shenyang 110819, P.R.China)

Abstract: The diamond pattern was introduced into thin-wall tubes to reduce the initial peak
forces during axial crushing processes. The finite element method was used to analyze the per-
formance of diamond-patterned origami tubes with square cross sections. The results show that
the diamond-patterned origami tubes have lower initial peak forces but more steady crushing
processes, in comparison with the corresponding straight-wall tubes. The critical conditions
were obtained for the origami tubes with buckling modes agreeing with the diamond pattern
creases. The relationships between the sector angle of the origami tube and the initial peak

force as well as the mean crushing force under axial impact were also studied.

Key words: diamond pattern; origami tube; axial crushing; finite element analysis
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