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Abstract: The deformation modes and energy absorption performances of thin-walled concave profile tubes
subjected to axial crash were investigated, and the advantages of concave tubes over conventional convex po-
lygonal tubes in improving energy absorption performances were demonstrated. The classification of axial de-
formation modes of concave tubes and their variations with cross-section parameters were studied with the fi-
nite element method, and the concave tubes under oblique impact loads were also investigated. The concave

tubes show dramatic improvements of energy absorption performances over the conventional square tubes.
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Fig. 7 Mesh convergency analysis
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Fig. 9 Crushing force curves of concave profile tubes for different deformation modes
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Fig. 10 The deformation mode classification

of the square tube

6 R O
Q4r © O osrMm
3 L LFM
x UM
2+ O
3 o @) O
0 1 1 1 1 1 ]
0 40 80 120
D/t

B 12 MR il b A 2
Fig. 12 The deformation mode classification of

the concave icosagon tube

sk X o o o o
66 %X O O O O OSFM
L LFM
Q
J 4t o) o) o) o XUM
~
2F o o o o
I o o o o o
0 1 1 1 1 1 )
0 40 80 120

D/t
B 11 M R e b AR AR A 2 R

Fig. 11  The deformation mode classification

of the concave dodecagon tube
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Fig. 14 Deformed pattens of tubes under oblique loads for a = 5°
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Fig. 15 Crushing force vs. displacement curves of square Fig. 16  Energy absorption vs. displacement curves of the

the tube, the concave dodecagon tube and the square tube, the concave dodecagon tube and

concave icosagon tube (a = 5°) the concave icosagon tube (a = 5°)

F1OWRMEN o = 5° I 75 M IR K AR A s R o RE

Table 1  Crashworthiness of tubes under oblique loads fora@ = 5° ; the square tube,
the concave dodecagon tube and the concave icosagon tube
profile MCF/kN IPCF/kN EA/] SEA/ (kl/kg) CFE/ %
square 6.02 13.26 632.94 5.21 45.40
concave dodecagon 13.21 17.49 1 388.34 11.43 75.53
concave lcosagon 18.64 29.36 1 959.57 16.13 63.49

(a) i (b) M+ (e) M=+BHE
(a) The square

(b) The concave dodecagon
B 17 {5RA o = 10° 0, RG22

(¢) The concave icosagon

Fig. 17 Deformed pattens of tubes under oblique loads for & = 10°
il AR o« = 100 BF, 255 | M- A T — 5 IR A s 7 -0 B 1l 28 % Al W i1 7%
oS 18 FE 19 frw. Jr 8 AN+ 045 i s J1-00 88 2k BT & A8 B N A sh; N — -
NI R whik -0 R A 2 vl iR WA 71 I 2R B B, X 5 5 Buler SRR AR sAHW) A Euler S FRHY)
M A bl AR S R LT M R A,

AR o = 10° BF, 78 M BRI A B A I BE I PR RE AN 2 2 T, BE R IR
T BRI A B 45 B 225 o0 0.7 £ DR I ) 285 5. S5 iy o o A L s 2R Ar R o = 10° B, A M
TR RN A IR A U b W A B AR 62.97% ,47.93% F1 42.05% ; BE IR B AR 22.15%
21.70% 1 63.59%. 5 thii Z A At o = 50 AHLE, pp i B RHA « = 10° B, 58 M-+ B R M —
B W) whi WA 753 BIFRAR 25.72% , $2: 55 0.46% FIFEAR 22.55% ; BE WU 43 B FEA 9.019%,9.97% Fi

52.94% AFa s AR AR A R RRAR T W1 A8 WEREAS 1Y) B A
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Fig. 18 Crushing force vs. displacement curves of the Fig. 19 Energy absorption vs. displacement curves of the

square tube, the concave dodecagon tube and square tube, the concave dodecagon tube and

the concave icosagon tube (a = 10°) the concave icosagon tube (a = 10°)
x2 WA « = 10° BF, FE M A KM iR AE R R ok BE
Table 2 Crashworthiness of tubes under oblique loads for @ = 10°: the square tube,

the concave dodecagon tube and the concave icosagon tube

profile MCF/kN IPCF/kN EA/] SEA/ (kJ/kg) CFE/%
square 5.48 9.85 575.92 4.74 55.63
concave dodecagon 11.89 17.57 1 249.97 10.29 67.67
concave icosagon 8.77 22.74 922.18 7.59 38.57
__J__: N
6 4 e

AR SCRIEGE T 1M T e A5 o v o AR T AR 3 — %o S o iy FH 28 0 2 1 ) A 5 T 5 45 L 45 2R 45
T IR RN A A i ) i A AR 3 S I IS 1 R b o A 1 T A [ T R A
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