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Crushing analysis of tapered thin-walled tubes with

axisymmetric indentations
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Abstract: In this paper,the slotted pipe deformation and energy absorption characteristics of thin-walled
tubes under axial impact load was analyzed by the finite element software LS-DYNA . The number of
indentations and the radius of it were studied . It is found that the tubes with indentations have better crush
performance than tubes without indentations.Maximum CFE requires large number of indentations with high
radius,while maximum SEA requires small number of indentations with low radius.
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Fig.1.The geometry of the thin walled tube(without axisymmetric indentations)
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Fig.2.The geometry of the thin-walled tube(with axisymmetric indentations)

2HEELWE (FHESHE)

3%}

INFATS Conference in Changsha, December 1-3, 2017

322



Fig.3.Finite element mesh of the tubes
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Label.1.Label of desin of experiment
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1 1 6 215 555.3
2 5 3 21.6 570.3
3 3 6 18.1 508.2
4 3 9 17.9 494.3
5 1 9 20.9 540.1
6 3 3 22.6 586.4
7 1 3 19.7 538.3
8 5 6 179 692.5
9 5 9 16.9 721.1
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Fig.4.Crash behaviour of the tubes with and without indentations

LBRFE SN

MR LR A 0 b7 3 A (R T B 5 1) S B R I e 2y PTBEI BE B 22, X EHERTT
B, HN BRI AS

References (&% 3C#k)

[1] Y Zhang, XU Xiang, LI Qi, LU Minghao, S Liao. Crashworthiness Research on Novel Multi-cell Thin-walled Structure of Varying
Cross-sections,2017,30(07):151-158.
TR TR AR T, G s UK. B U AT £ 6 T B A A (TR R R (0], o A B8 22 4%,2017,30(07):151-158.

[2] YQ Zheng, XC Zhu,Q Hu,J Liu.Effect of ridgeline strengthening in thin-walled structure[J].Journal of Traffic and Transportation
Engineering,2016,16(05):57-65.
I SR PG 7= o B, R SRR TL SR AL ROR 1], SEIs M TR 44R,2016,16(05):57-65.

[3] F. Tarlochan, F. Samer, A.M.S. Hamouda, S. Ramesh, K. Khalid, Design of thin wallstructures for energy absorption applications: enhancement
of crashworthiness due to axial and oblique impact forces, Thin Walled Struct. 71 (2013) 7-17.

[4] G.Li, Z. Zhang, G. Sun, X. Huang, Q. Li, Comparison of functionally—graded structures under multiple loading angles, Thin Walled Struct. 94

324 INFATS Conference in Changsha, December 1-3, 2017



(2015) 334-347.

[5] R.JohnsonW.Cook, A constitutive model data for metals subjected to large strains,high strain rates, and high temperatures. in: Proceedings of the
7th International Symposium on Ballistics, The Hague, Netherlandspp, 1983, pp. 541-547.

[6] J.LacylJ.Shelley).WeathersbyG.DaehnJ.JohnsonG.Taber, Optimization-based con-stitutive parameter identification from Sparse Taylor cylinder
data. in: Proceedings of the 81st shock and vibration symposium. Idaho National Laboratory, US, 2010.

[7] S. Furusako, A. Uenishi, Y. Miyazaki, Improvement of crashworthiness by application of high-strength steel, Nippon Steel (2007) (Jan. Report
No. 95).

[8] C.W. Isaac, O. Oluwole, Finite element comparative analysis of the crushing behaviour of square steel tubes, Int. J. Sci. Eng. Res 6 (7) (2015)
1650-1655.

[91 Zhang X, Cheng G, You Z, et al. Energy absorption of axially compressed thin-walled square tubes with patterns[J]. Steel Construction, 2007,
45(9):737-746.

[10] Yin H, Wen G, Liu Z, et al. Crash-worthiness optimization design for foam-filled multi-cell thin-walled structures[J]. Thin-Walled Structures,
2014, 75(75):8-17.

[11] Peng Y, Deng W, Xu P, et al. Study on the impact performance of a composite energy-absorbing structure for subway vehicles[J]. Thin-Walled
Structures, 2015, 94:663-672.

[12] Ma F, Yao Z, Liu Q, et al. Comparative analysis by simulating and testing pole impact for hot stamping front crossbeam of
automobile[J].Engineering Sciences, 2012, 10(6):71-74.

[13] Nawale S P, Vyavahare R T, Aradhye A S. High Strain Rate Response of A356/A1 2 O 3, Aluminum Alloy MMCs Using Ls-Dyna [J]. Procedia
Engineering, 2017, 173:1967-1974.

[14] MP Bendsee, O Sigmund. Topology Optimization: Theory Methods and Applications[J], Springer-Verlag, Berlin, 1989.

[15] M. P. Bendsge, O Sigmund. Material interpolation schemes in topology optimization[J]. Archive of Applied Mechanics, 1999, 69(9-10):635-654.

[16] NM Patel, Crashworthiness Design Using Topology Optimization, PhD thesis, University of Notre Dame, 2004.

INFATS Conference in Changsha, December 1-3, 2017 325



