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Abstract

The crash energy absorbers used in the trains normally are classified into two types. The first is the
structure type, which mainly used in not only the primary structure of train but also the crash energy
absorbers at the critical accidents. The second is the module type, which just absorbs the crash energy
independently and attached onto the structures of the trains.

The expansion tube is widely used as the module type of the crash energy absorbers, especially in
the trains that have a heavy mass. Since the crash energy is absorbed by means of expanding the tube

in the radial direction,

the features of the expansion tube have the uniform

load during the

compression. As the uniform load remains in sudden impact, the expansion tube is effective to
decrease acceleration of passengers when the train accident occur. The buckling instability of the
expansion tubes is affected by the boundary conditions, thickness and length of tube. In this study, the
effects of the length and thickness of the expansion tubes under the arbitrary load on the buckling are
studied using the ABAQUS/standard and ABAQUS/explicit, a commercial finite element analysis
program, and then presents the guideline to design the expansion tubes. The analysis processes to
compute the buckling load consist of the linear buckling analysis and the nonlinear post-buckling
analysis. To analysis the nonlinear post-buckling analysis, the geometry imperfections are introduced by
applying the linear buckling modes to nonlinear post-buckling analysis.
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Fig. 2 Crash energy absorber
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Fig. 4 Light collision safety device
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Fig. 5 Boundary conditions
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Fig. 6 Flow chart

Table 1 Level of the variables

Variables Range(mm)

Radius(r) 100

Length(L) 400
Thickness(t) 2,6, 10

1400

1200 4

1000 4

Stress(MPa)

T T T T
00 0.1 02 03 0.4 05
Strain

Fig. 7 Stress-strain curve(TWIP)

(a) t=2mm (b) t=6mm  (c) t=10mm
Fig. 8 Initial shapes of the tube

« (a) ﬂ (b}

Fig. 9 Buckling modes. (a)
global, (b) local

(a) model

(b) model0

(c) mode20
Fig. 10 Representative buckling modes
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Fig. 14 Axial load Fig. 15 Axial load
(t=2mm) (t=6mm,)
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Displacement(mm) Imperfection scaling factor(3%)

Fig. 16 Axial load Fig. 17 Buckling load
(t=10mm,)

(a) Perfect

(b) a=1%

(c) a=5% (d) a=10%
Fig. 16 Final deformation (t=2mm)
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