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(a) Unit model of the pre-folded tube (b) Top view of the pre-fold tube
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Fig. 1 Model of pre-folded tube
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Fig. 4 Shape change patterns via simulation Fig. 5 Plastic zone via simulation

_O(a) The crush force-displacement curves O(b) The energy-displacement curves
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Fig. 6 Numerical comparison between the pre-folded tube and the ordinary squeare tube
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Fig. 7 The pre-folded tube manufacturing process

3.2 EIvEEH

Pl 8 Sy A1 T % e S5 0 1 Y 110 % i =X o o S
Ml V%HEERT &K 64 kg, e Kb di 2 10 m/s,
AT DL i A 2R G 1R v R S 1Y) A L R e
75 HIE 55 0 2 ik B ] A9 ) 2 o o R E AR IR R
phil S R i N 7 m/s,

Electric
machine

Drop
=" hammer

T R P W S0 TR B AR ¥ ,
P 75 5 20 103 S T 7 0 WL 46 5 3 9 I ° Lompie ™
75 o B PR R B0 T L B T 55 00 P 0 2T P ‘ '
*ﬁfﬁﬂﬁ%%“ﬁﬂ&ﬂf& Bounce
3.3 ZWHER table

_ Operating
system

&9 Ca) 5 & 9(b) 43 51 g F 4T S 1 55 5 5 4K
HE AR M X R AR - B MR X . paee
B9 Ca) Hpa] DL BE ,  5  PR e ASE 40045 380 1 4T
S 1 38 A 5 B8 1 2R 5 3 e S 56 A5 3 A4 28R fer 10 A% iR
28 R ALt I AR — B, AN P A O EE LR L B8 vk kR wh I AL
Ko 0k IS B 3 A R /N AR 22 0N L Hrp 7 2R A D 0 Fig. 8 The machine for falling weight impact test
55U A5 B 200 i Xof 1 1 S 56 4 AR TR T AR 5 A BR TR A
19728 JE I AR A AR B0 s DAL 9 Cb) rhmT DA 2 3 001 445 SR 0 55 30 235 2R 14 R -6 B8 48 A th 2R AE L B /N T
35 mm I EEA M S 7E— & AL K T 35 mm W% 22 WAEF /N BB (A 19 e K iR 22t BE A28 60 mm
IbRZEN T.TY



478 3 Y 5 i i %35 &

(a) Force-displacement curves (b) The energy-displacement curves
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Fig. 9 Comparison between the falling weight impact test result and the numerical simulation result
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Energy absorption of pre-folded origami under low speed impact

Wang Bo''?, Zhou Cai-hua''?, You Zhong®
(1. Department of Engineering Mechanics ., Dalian University of Technology »
Dalian 116024, Liaoning, China;
2. State Kay Laboratory of Structural Analysis for Industrial Equipment ,
Dalian University of Technology, Dalian 116024, Liaoning, China;
3. Department of Engineering Science s, University of Oxford , Oxford OX13P] ., UK)

Abstract: A new type of creased square tube specifically designed with some folded lobes added at the
wall of ordinary square tube is studied inorder not only to reduce the initial loading, but also to en-
hance the effective plastic area distortion which leads to a higher energy absorption efficiency. The nu-
merical results based on the FEM package ABAQUS /EXPLICIT verify that the pre-folds could lead
the pre-folded origami to the expected large deformation mode under low speed impact, which effec-
tively reduce the peak load and also improve the average load of load-displacement curve compared
with ordinary square tubes. The load-displacement curve obtained by FEM is identical to the results of
low droped hammer test, which verifies the credibility of the numerical results as well as the high en-
ergy absorption characteristics of the tube.

Key words: solid mechanics; energy absorption; low droped hammer test; thin-walled structure;
crashworthiness design
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