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Fig. 1 Partial structure of folded shrink tube part
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Fig.2 Schematic diagram of folded tube compression Fig. 3 Material engineering stress—strain curve
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Fig. 4 Deformation modes of square and folded tube under quasi-static compression
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Fig. 5 Force and displacement curves of square and folded tube under quasi-static compression
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Table 2 Quasi-static compression simulation results of folded tube

Thin walled tube Prima KN Pi/KN W/ Primad KN Pun/KN Wy/J P KN P/kKN
C 35.59 11.53 35.59 11.53

S 23.88 18.11 25.32 18.11
C60-25.10.4-0 14.58 11.97 707.97 20.83 20.03 60.42 78.61 17.03
C60-30.0.3-0 15.35 13.26 512.72 31.36 24.63 616.35 31.36 18.40
C60-30.10.2-0 17.04 15.34 343.05 29.36 20.49 814.84 29.36 19.08
C60-30.10.3-0 14.61 12.99 404.03 32.27 22.78 709.73 32.27 18.58
C60-30.10.4-0 13.06 11.74 476.68 28.00 22.86 465.76 39.22 17.22
C60-30.20.3-0 14.11 12.96 323.85 35.69 21.68 776.22 35.69 18.75
C60-30.30.3-0 14.04 13.32 272.32 37.71 21.62 841.07 37.71 19.33
C60-35.10.4-0 12.43 11.69 337.39 25.64 21.76 603.20 28.72 18.22
S60-25.10.4-8 14.29 12.92 564.39 26.75 19.45 241.65 66.02 20.30
S60-30.0.3-8 15.29 13.60 563.69 27.28 23.58 464.36 30.00 18.09
S60-30.10.2-8 16.74 15.38 399.16 27.90 23.16 951.44 27.90 20.17
S60-30.10.3-8 14.56 13.30 446.63 27.77 23.34 709.25 27.77 18.65
S60-30.10.4-4 12.91 11.75 487.19 25.71 22.00 429.76 30.57 16.43
S60-30.10.4-8 13.02 11.99 506.97 24.96 21.91 390.70 30.78 16.41
S60-30.10.4-12 13.33 12.27 529.43 24.03 21.85 390.04 35.75 16.55
S60-30.10.4-16 13.54 12.44 547.42 24.45 22.26 462.71 38.48 16.34
S60-30.10.4-20 13.71 12.62 565.27 24.73 21.60 465.27 65.57 16.37
S60-30.20.3-8 14.08 13.19 357.51 30.54 22.70 861.02 30.54 18.95
S60-30.30.3-4 13.96 13.26 281.14 37.35 22.36 918.41 37.35 19.86
S60-30.30.3-8 14.01 13.42 294.32 28.17 22.19 941.43 30.39 19.46
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Table 2 (Continued)

Thin walled tube DPima KN Pin/KN w1 Prima KN Pun/ KN Wy/J P KN P./kN
S60-30.30.3-12 14.11 13.62 308.95 27.67 21.66 874.31 31.54 19.24
S60-30.30.3-16 14.48 13.83 331.41 26.98 21.25 746.88 33.44 19.55
S60-30.30.3-20 14.96 14.15 335.61 25.92 21.36 801.94 45.15 19.70
S60-35.10.4-8 12.47 11.83 345.92 27.42 22.45 760.73 27.42 17.89
H60-25.10.4-16 15.02 13.02 786.99 102.41 61.20 519.62 102.41 18.95
H60-30.0.3-16 15.89 13.74 556.07 37.15 29.12 830.22 37.15 20.10
H60-30.10.2-16 17.34 15.76 375.59 43.81 25.51 1149.31 43.81 22.14
H60-30.10.3-16 15.13 13.46 437.65 36.16 23.75 973.23 36.16 20.48
H60-30.10.4-8 13.45 11.98 495.54 39.01 27.82 767.19 39.01 18.32
H60-30.10.4-16 13.58 12.16 499.77 39.60 30.27 844.33 39.60 19.48
H60-30.10.4-24 13.69 12.41 517.13 44.85 32.16 804.22 60.97 20.89
H60-30.10.4-32 13.84 12.65 538.25 48.49 32.33 759.05 74.90 21.46
H60-30.10.4-40 14.09 12.85 557.04 35.21 28.13 420.96 78.53 21.89
H60-30.20.3-16 14.47 13.37 350.06 36.01 25.12 1075.92 36.01 20.68
H60-30.30.3-8 14.29 13.33 270.28 36.43 23.48 1097.22 36.43 20.37
H60-30.30.3-16 14.31 13.62 286.54 44.67 25.14 1195.94 44.67 21.59
H60-30.30.3-24 14.53 13.85 291.37 46.29 26.56 1271.32 46.29 22.68
H60-30.30.3-32 14.83 14.11 307.12 43.27 27.79 1233.83 43.27 23.61
H60-30.30.3-40 15.20 14.32 311.18 42.98 26.57 1221.30 42.98 22.59
H60-35.10.4-16 12.78 12.01 352.43 31.25 25.85 1013.33 31.25 19.94

PEFEAT B 45 % C60-35.10.4-0, S60-30.30.3-8 Fll H60-30.30.3-32 W 5T 3 FhJr 40 & A BE W ik,
&l 6(a). & 6 (b) FNIE 6 (c) 535 A 3 Fh 4T SUE AR L i B2 AN AR RCIEVE RN AR = P o IR BT B ML 4 48 1R A8
TEAG BT LAy 3 B Be: 55 1 B B o i HE B i ok B, AT IR TR 4 B RE 4 bR A L R A R A
B Ay ok 565 2 BB N B AT B, R Be B AT R B LR A B kAR SR R e AR Y
ks 55 3 B BON T SO R ARG R S R, O b A B S8 A AR TR O R B T RE A 57 4 1 S Bk R 4 0o B
Wo 551 B B LD I T R B A & AR PG, A BOUCAR 5 R 5 T W g v R A BT AL I K-t
SRS, IFTE A E I . 5 2 Y BT C60-35.10.4-0 FIAF S60-30.30.3-8 |- F 45 Be s AL A A1 6
HARIE, M4 H60-30.30.3-32 f T L F 45 Be sk, T 45 BN Al A RV B AR, 1A B AR I AR U
A o T B WA A R AR T 45 A 1 S 50 AR 2 TR AT A H WO 48 T e 25 4 v B HOK SR A = A T
[P 502 S B, 3 2 5 A 1 T T DX R L 8 A WO S I A S A B R I BB PR AR T, i L A B
A RS X I A T K RS s R MR BB, 7E X B AR T AR 2 Xk A A 2 [ e I s . Hop A
H60-30.30.3-32 FH T3 BE A5 P i 457 1 5 WM ARCT- 30 3 FR B R 5 7 58 30 76 s 18 P 7 87 A T TR 2 R [ e
SRR

3 AN HERE A 6 E B AS TR A0 25 0F B9 77 -5 8 1l 28 RIS 20 S B A5 A AR TR I 0 DL T 7. A B U 46 A Y
FEt T 2R EEIE A 58 1 B Bem e 5t 022, Bl /D, 2 R AR 1 B B bl 5 R A R 4, i A B
Pra BB AL P&, SR 1 R RE A 0 AR A 0 JR B, (A5 4 B WA A 1 Pl 1) B R R 0 AR E — S R B KO
552 BB IR B AR AR D B, Hirh A €60-35.10.4-0 FI4E S60-30.30.3-8 Ay [T 15t A7 ith 2k 2 S, 31X 2
Sk B AR B R R B R IR AL G AR I, 1A H60-30.30.3-32 PR AR A A AR AR AT EAE B R
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Fig. 6 Deformation of folded shrink tube
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Table 3 Comparison of energy absorption performance of folded tubes

Relative to tube C/% Relative to tube S/%
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Fig. 8 Force-displacement curves of the folded tubes with different structures at both ends
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Fig. 9 Force-displacement curves of the folded tubes with different connection structures
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Energy Absorption of Folded Shrink Tubes with Gradient Stiffness
CHEN Weidong, MEN Heng, TIAN Xiaogeng

(State Key Laboratory for Strength and Vibration of Mechanical Structures,
Xi’an Jiaotong University, Xi’an 710049, Shaanxi, China)

Abstract: Thin-walled tube is a common energy-absorbing structure. The introduction of folds in thin-
walled tube can induce the deformation of thin-walled tube, reduce the initial peak force of buckling of thin-
walled tube and improve the energy absorption of thin-walled tube effectively. At present, when the folded
tubes subjects to axial compression, the crushing force decreases significantly after the initial peak force,
which lowers the energy absorption performance of folded tubes. In order to further reduce the initial peak
force and increase the total energy absorbed of the folded tube, different forms of folded tube are introduced
into the square tube to obtain a folded shrink tube. The relation between force and displacement and
deformation of the designed folded tube under the quasi-static compression is obtained by using
ABAQUS/Explicit. The results show that the collapse force of the folded shrink tube is in the form of a
gradient during the compression process. Compared with traditional square tube and diamond tube, the
folded shrink tube not only has lower initial peak force, but also can greatly improve the total energy
absorption. The influence of geometric parameters on the performance of the folded tube was studied
systematically. The best performance folded shrink tubes were obtained.

Keywords: folded tube; energy absorption; quasi-static compression; finite element; gradient stiffness
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