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The study on the buckling instability of tube type crash energy absorber
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ABSTRACT

There are normally two types of the energy absorbers used in the crashworthiness of trains. The first is a
structure type, which mainly used in not only the primary structures of the train but also the crash energy
absorbers at the accident. The second is a module type, which just absorbs the crash energy independent of
the primary structures and attached to the structures of the train. The expansion and inversion tube are widely
used as the module type crash energy absorbers, especially in the train. The tubes should not be buckled
under the load acting on the end of the tube in longitudinal direction during absorbing the crash energy. The
buckling stability of the tubes is affected by the boundary conditions, thickness and length of tube.

In this study, the effects of the length and thickness of the tubes on the buckling load are studied by
using the ABAQUS, a commercial finite element analysis program, and then presents the guideline to design
the tube. The analysis processes to compute the buckling load consist of a linear buckling analysis and a
nonlinear post-buckling analysis. The buckling modes are evaluated by the linear buckling analysis, as using

these modes, the buckling loads are computed by the nonlinear post-buckling analysis.
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Variables Range(mm) % 1

Radius(r) 100 i j:

Length(L) 200, 300, 400, 500 200
Thickness(t) 2,6, 10 °5% 3 B P % o5

Strain

19 2. Stress—strain curve(TWIP)

3. Linear buckling 3|4

Linear buckling a}41& g7} M3l = stiffdt %52 buckling mode®} critical loadE -3}7]
Al FddY. Sl s ve FE «] buckling mode¥ FA F 7HA=E U¥FolHdr}h. AAE global
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1% 3. Representative buckling
modes. (a) global buckling,
(b) local buckling.

13 4. Three local buckling modes(L=300mm, t=6mm)
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4. Nonlinear post—buckling 34}
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1% 5. Boundary conditions
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5. XA

ABAQUS/explicitZ AF83}] nonlinear post-buckling3]& 433+ 23} global buckling
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- § thickness = 2mm
3000 = . 30004 0 T thickness = 6mm
: thickness = 10mm
g 2000 - g 2000 |
1000 ‘n‘“‘“'”‘“‘“'»rn,\‘n‘n‘wrnr ] 1000 § ‘\\n'“‘”“'“~«~u;»‘\‘x‘nrn
0 2 50 75 100 0 25 50 75 100
Displacement(mm) Displacement(mm)
I3 6. Axial force versus crushing 19 7. Axial force versus crushing
distance (L=200mm) distance (L=500mm)
3500 thickness =2mm |
rrrrrrrr hickness = 6
o] thickness = 10mm ol | ength =200mn
length = 400mm
—————— length = 500mm
2500
g 2000 — g 2000 -
£ 1500 3
1000 1000 4
500 -
0 0 T T T T T
200 300 400 500 2 4 6 8 10
Tube length(mm) Tube thickness(mm)
1% 8. Axile force versus tube length 19 9. Axile force versus tube thickness
¥ 3. Critical load of the tube(kN)
Lmm)
200 300 400 500
t(mm)
2 634.9 578.2 651.2 659.5
6 2034 1714.8 1851 1773.5
10 2916.6 2821.4 2931.7 2838.5
6. 4&
FTEANUAFTREE A= 4 FEANUAFTAZEN B2 A FFEFS A ofst
O AN FREE SelA] Fool HEel WALA folol ATACR FEAUAE 4 & 4 Aok
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NUAFFFHEE 7|22 FHO FRAAWUS Frdo] @ FA2 Wglel mE F=stze wstE
selsts] ga WEATE Sastela, Fuel A L A Faws 3 #2459
o =3, 54 ddseS B UASTREE AAE7] A3 Sy Aowydd gl 71Esksith
Fo7duE Aesu ohed g
O FEAUAE FFate B et duAFFFEE B33 (expansion type)¥ 93 (inversion
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