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(a) Cab skin and reinforcement bars (b) Underframe, boundary heams. (c) Draft sill

draft sill and coupler
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Fig. 1 The finite element model of a head car of a high-speed train
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SHELL 163 ’ Table 1 Material properties
SOLID 164
E/GPa v o,/ MPa G/MPa o/ (kg s+ m™?)
° ’ Q235 210 0.3 235 2 100 7 800
’ 26 A6NO1 70 0.3 250 573 2 700
’ 45 , A5083 62 0.3 150 1610 2 700
o ATNO1 66 0.3 290 1232 2 700
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20 m/s ’ ’ Fig. 2 Structural deformation of the head car crashing a rigid wall
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{a) v=10m/s, t= 300 ms (b} v=20rm/s, t= 300 ms
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3 ’ Fig. 3 Structural deformation of the draft sill crashing a rigid wall
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Fig. 4 Force on the rigid wall Fig. 5 Energy absorbed by the draft sill
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Table 2 Improvement schemes
¢/mm r/mm d/mm
1 7 20 5
2 7 20 5
3 8 35 5
6
4 8 35 5
Fig. 6 The draft sill and the energy-absorbing tubes
in the improvement schemes
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Fig. 7 Energy absorbed in the different schemes
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Fig. 8 The force on the rigid wall in the different schemes
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Fig. 9 The deformation of the draft sill and the energy absorber in scheme 4



(a) v=10m/s, =300 ms (b) v=20 m/s, =300 ms
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Fig. 10 The deformation of the cab in scheme 4
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Energy-absorbing structure design and crashworthiness analysis
of high-speed trains

Li Song-yan., Zheng Zhtjun., Yu Jtlin
(CAS Key Laboratory of Mechanical Behavior and Design of Materials,
University of Science and Technology of China., Hefei 230026, Anhui, China)

Abstract: A finite element model was established for the head car of a high-speed train and its crashing
progresses with a rigid wall at different speeds, simulated by using LS-DYNA software. It is found
that when a crash occurs the draft sill deforms mainly in the Euler bending mode, which is harmful to
buffering and energy absorption. Based on the understanding from the crashworthiness analysis of the
original design, we propose to redesign the structure of the draft sill through adding square tubes with
round corners as energy-absorbing tubes, which are either filled with aluminum foam or not. Two dif-
ferent sizes are chosen, thus four schemes are formed. The results of numerical simulation show that,
compared to the original design, the energy absorption capacity in all of the new schemes has greatly
improved, and the peak force on the rigid wall decreases in a certain extend. The scheme with the
tubes having large radius of round corner, thick thickness and aluminum foam filler has the most obvi-
ous improvement,
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high-speed train



