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(a) Configuration of the new thin-walled tube (b) Finite element model of the new thin-walled tube
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Fig. 1 Schematic diagram of the new thin-walled tube
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Table 1 Geometric parameters of the specimen and the test details

Type  Length/mm  Thickness/mm Diameter/mm

Impact mass’kg ~ Impact velocity/(m's™')  Impact energy/kJ
HS-10 90 0.8 31 200 5.48 3
HS-11 90 0.8 31 100 7.75 3

P24 T BUE M A B 0 RS I B R IE R . B e R R AL AS DL R SCHR [11] R
Kb 7 A8 SR, R ASERARE 400 BT A5 1Y HS-10 1 HS-11 P9 413814 19 JE 3% 1 -0 3 th 28 5 5206 45 5 347 A%,
WK 4 fron .

®2 BRATSWERSZRENL

Table 2 Comparisons of experimental results and calculated results

Type Maximum peak crushing force Energy absorption Crushing displacement
Exp./kN Calc./kN Error/% Exp./k]J Calc./kJ Error/% Exp./mm Calc./mm Error/%

HS-10 114.0 113.2 0.7 2.93 2.92 0.3 66.2 64.2 3.0

HS-11 116.0 114.1 1.6 2.94 291 1.0 65.8 63.3 3.8

H1¢ 2 AT, U LTRSS R (EL TR I5¢ ) . I R o L B i R 3t 57 % 1) 33 (L R0 S5 000 1L F) A X
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B [ 2 S RUBE R E B, O 5 222 80 i fe 1t 1 ST S A9 Rl
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Fig. 4 Force-displacement curves of experiment and simulation
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(a) Ring mode (7=1.0 mm, /#,=25 mm) (b) Mixed mode (r=1.0 mm, 4#,=15 mm)

0 ms 2.4 ms
(c) Bottom deformation mode (»=0.5 mm, #,=10 mm)
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Fig. 5 Three representative deformation modes of new thin-walled tubes
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Fig. 7 Comparison of deformation modes of 4, and &,sr, , at different time
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0 ms 4.3 ms ) 49 ms 6.3 ms 0 ms 1.6 ms 5.8 ms 6.3 ms

(a) Crushing process of /1,7 (b) Crushing deformation mode of 7,7, ,
K19 BBIHEER hyros T hygr, o RS AR

Fig. 9 Crushing processes of /s and Ay, ,
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Fig. 10 Comparisons of crushing force and S;, between Ay, and h,sr,
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Fig. 11 Histogram of crashworthiness evaluation indexes for thin-walled tubes
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Fig. 12 Response surface of Kriging approximate model

P25 SR B4 R Tt P R T W 7 A AU R 50 00 (L A9 40053 0 2, DR b Kriging A6 Y 2 7l 22 I 4 0
RE 5 ZEVPA, DA ORASEIY F) 3 B o 6B ey b7 TR A 2R 4D 5 88 T Al o 75 22 0 W v R iR 257 D7 AR R
P77 MR 22 (RMSE) | A 1R 22 (RE) #EATFI B0 38 3 w1, R? RYRU{E AR W #23E 1, RMSE Bfie K
{E/N T 0.06, RE IR KAB /N T 5%, e a] DL b A5 ) Kriging QAR Y 4RS ff B2 50005, 4454 T P00
Bt EoR

034202-8



9535 % TR BRI BT M ket 55 3

®3 MR EARBE T

Table 3 Accuracy evaluations of the response surface model

Index R RMSE RE
Spa 0.9967 0.0476 [-0.0476, 0.0464]
F 0.9814 0.0518 [-0.0362, 0.0437]
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Table 4 Comparison of optimized results, calculated results and results of original model

Method hy/mm r/mm Sea/J-g ™) F/kKN
Optimized 30.21 1.39 67.53 109.63
Calculated 30.21 1.39 68.23 111.98

Original model 0 0 62.42 123.89

5 45 i
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R, B r (AT F BRI

(3)241.0<r<2.0mm H 10 < A, <35 mm 8 /=0.5 H 15 < h, <25 mm I, 557 5 9B 45 78 1 5t [ B
) Spa FIF Lo 30 0 RE G457 SO0 5, LA K S, fH LU 5 38 JERE A3 T 20.4%, Hoidg /N F, (H LS
HEREA /N T 31.9%.
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Abstract: Numerical simulation of the new thin-walled tube under the axial impact load was obtained by
using LS-DYNA. The effects of the length of the upper thin-walled circular tube and the radius of the
corrugated inducing groove on its crashworthiness and deformation mode were analyzed, and compared with
the ordinary thin-walled circular tube. The results show that when the length of the upper thin-walled circular
tube and the radius of the corrugated inducing groove are designed reasonably, the maximum peak crushing
force, specific energy absorption and deformation mode of the new thin-walled tube in the crushing stage are
superior to those the ordinary thin-walled circular tube. In order to obtain the new thin-walled tube with a
better energy absorption effect, a multi-objective optimization scheme was built by using specific energy
absorption and the maximum peak crushing force as optimization indicators, and the length of the upper thin-
walled circular tube and the radius of the corrugated inducing groove as variables. The objective approximate
functions were constructed based on the Kriging method, and the NSGA-II algorithm was used to solve the
multi-objective optimization problem.

Keywords: LS-DYNA; new thin-walled tube; crashworthiness; deformation mode; optimization design
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