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Abstract: In this study, we derived an theoretical equation, using a simplified spring-mass model for the rolling
stock, to obtain the overriding behavior of a leading vehicle, which is considered as the main factor in train
accidents. To verify the derived equation, we created a simple 2D model based on the theoretical model, and a
simple 3D model considering the characteristics of the power bogie. We then compared the theoretical results with
the simulation results obtained using LS-DYNA. The maximum relative derivations in the vertical displacements
at the first end-buffer, which is the most important point in overriding, were 3.5 [%] and 1.7 [%] between the
two results. Further, we evaluated collision-induced overriding displacements using the theoretical equation for a
rubber draft gear, a hydraulic buffer under various collision conditions. We have suggested a theoretical approach
for the realization of overriding collision accidents or the energy absorption design of the front end of trains.
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Table 1 Data of the collision model

Force [kN]
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Parameters Values
my 56876 kg
My 34500 kg
kyq 10 kN/mm
Simulation
—— Theo
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2 Comparison of results by simulation and the
theory for the collision of 2 masses
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Fig. 3 Theoretical model about over-ride of a leading
vehicle
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Fig. 5 Free-body diagram of the front bogie
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Table 2 Input parameters

Parameters Values
my 34,500 kg
My 56,876 kg
my 6,922 kg
1, 2.075x10"  kg'mm’
L 9,510 mm
l 7,000 mm
h 700  mm
|4 11.111 m/s
k, 10 kN/mm
K1y 30 kN/mm
ky 40  kN/mm
. 20  kN/mm
ko 20 kN/mm
C1y 10 kN-ms/mm
Cy, 20 kN-ms/mm
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Table 3 Comparison of the first peak value by the
theory and the 2D simulation

Times Values Deviation
[ms] [mm] [%0]
Simulation
(only Spring) 179.1 91.1
Simulation 0.3~0.5
(with Damper) 179.2 88.6
Theory 179.0 90.1
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Fig. 8 Comparison of results by the theory and
2D simulation

Fig. 9 Simple model for 3D simulations
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Table 4 Comparison of the first peak value by the
theory and the 3D simulation

Times Values Deviation
[ms] [mm] [%]
Simulation
(only Spring) 180.7 80.1
Simulation 33 ~39
(with Damper) 178.4 78.3
Theory 179.0 90.1
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. 10 Comparison of results by the theory and the
3D simulation
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Table 5 The masses of vehicles

Vehicle masses [kg]

P car

56,87

6

MT Car

34,50

0

T Car

27,00

0

Table 6 Data of the vehicles

Vehicle strength

[kN]

Stiffness
[MN/m]

P, MT, T Car

2,000

100
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MT1

Tl

T6

MT2

P2

Fig. 11 The formation of a train
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Fig. 14 The impact force acting on the leading
vehicle equipped with a rubber draft gear
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Fig. 15 Vertical displacement of the first end-buffer
under the 15° and 15 km/h conditions
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Table 7 Vertical displacements of the first end-buffer
of the vehicle equipped with the rubber draft
gear under different collision conditions

Collisi Collisi Max. vertical
othision | LOWSION | gichlacements [mm] | Deviations
speeds angles (%]
k h o 0
[km/h] (1] Simulation | Theory
0 -7.45 -7.45 0
10 5 27.05 27.20 0.55
15 70.34 70.42 0.11
0 -9.74 -9.72 0.21
15 5 35.44 35.25 0.54
15 91.65 91.18 0.51
0 -10.54 -10.51 0.28
30 5 52.90 52.01 1.68
15 125.19 123.55 1.31
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Fig. 16 Property curve of the hydraulic buffer
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Table 8 Vertical displacements of the first end-buffer
of the vehicle equipped with the hydraulic
buffer under different collision conditions

Collision | Collision | , Max. vertical
displacements [mm] | Deviations
speeds angles (%]
o 0
[km/h] ] Simulation | Theory
0 =247 -2.48 0.40
10 5 12.63 12.57 0.48
15 30.06 29.98 0.27
0 -5.75 -5.76 0.17
15 5 23.39 23.28 0.47
15 58.05 57.83 0.38
0 -10.59 -10.57 0.19
30 5 51.66 50.80 1.66
15 121.6 120.05 1.27
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z
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0 50 100 150 200 250 300
Time [ms]

Fig. 17 The impact force acting on the leading
vehicle equipped with the hydraulic buffer
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