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Abstract: In this study, we simulate the railway crash accident that occurred at the Sangwangsimni station on the Seoul
Metro Line #2, and we propose a solution to minimize the damage. We use LS-DYNA, which is the commercial
software employed for collision analysis to perform 1-D and 3-D simulations for the recurrence of accidents. By
performing 1-D simulations, we analyze the load, displacement, absorbed energy of the couplers, and acceleration of
vehicles, and we evaluate the safety in accidental collisions. By performing 3-D simulations, we analyze the
deformation of the car and over-ridding. We propose methods to improve the safety in collisions involving railway
vehicles, and we perform collision accident simulations to determine improvements when applying a high-performance
energy absorber to the front car.
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Fig. 1 Train sets of accident vehicle (a) Following train
(b)Proceeding train
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Fig. 2 Damaged area of following train (a) Driver’s cab
(b) End structure (¢) Gangway door
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Fig. 3 Damaged area of proceeding train (a) Driver’s cab
(b) End structure (c) Cross beam
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Fig. 4 1D Finite element model of collision accident
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Fig. 5 Load-displacement curve of single type draft gear
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Table 1 Weight of accident train
Car No. |System |Weight(ton)
Empty Working |Total

1 MC1 41.5 46.8 440.2
2 M2 41.5 472
3 T1 32 37.7
4 T2 32 37.7
5 M1 41.5 472
6 M3 41.5 47.2
7 T1 32 37.7
8 T2 32 37.7
9 M1 41.5 472
10 MC2 41.5 46.8
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Fig. 6 Simulation result — Coupler load
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Fig. 7 Absorbed Energy of coupler
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Table 2 Mechanical properties of carbody model

SS41 SPCC
Yield strength(MPa) >235 -
Tensile strength(MPa) [>402 >270

Table 3 3D FE model information

Element 3D Shell 1,821,837 EA
1D Beam 51 EA
Mass 16 EA
Total 1,824,916 EA
Node 1,810,542 EA

MEEE R ] §

£ 3D Shell Model(Car #1,2)

3D Shell Model
(End area of car #3)

1D Beam-Mass Model
(Car #3~10)

Fig. 9 3D finite element model for accident train
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Fig. 10 Stress-strain curves of carbody materials
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[Before Crash]
memm:

[After Crash]

Fig. 11 Train set behavior after crash

[As;rmmetntai undeframe]

[Before crash] [After crash]

Fig. 12 Underframe deformation

[Before crash] [After crash]

Fig. 13 Deformation between car 1 & 2

[Befare crash]

[After crash]

Fig. 14 Deformation between car 2 & 3
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Fig. 17 Deformation of end structure
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F {g. 19 Example of deformation tube
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Fig. 20 Maximum displacement of coupler (a) Proceeding
train (b) Following train
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Fig. 21 Maximum force of coupler (a) Proceeding train (b)
Following train
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Table 4 1D Simulation results

Conventional
model

Proposed
model

Coupler
model

Coupler #1

Draft  gear
type

Draft gear +
Deformation
tube type

Coupler
#2~10

Draft gear type

Max. force(kN)

1,369

1,148

Max. acceleration(g)

2.75

2.63
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