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Abstract

Ordinarily, the causes of derailment are clear. However, there have been rare cases where derailment was
caused by multiple conditions overlapping, even though safety was satisfied. One such derailment is flange climb
derailment. To identify the factors causing flange climb derailment, various causes were considered. Since it
would be necessary to conduct many actual vehicle tests to identify the root cause, it is more efficient to conduct
simulations using parameters based on actual railway vehicles. In this study, we calculated the derailment
coefficient using the wheel load and lateral pressure. Railway vehicles were simulated on sharp curves and at low
speed that could cause flange climb derailment. Three types of railway vehicle model and three types of track
were assumed and simulated. The cause of flange climb derailment was clarified by considering the derailment
coefficient under various conditions. As a result, it was found that the derailment coefficient of the entire railway
vehicle reached the maximum value immediately after exiting the stationary curve. In some cases, the derailment
coefficient exceeded the dangerous value of 1.0. Suppressing this maximum value would be an effective way to
prevent derailment accidents.
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Fig. 1 Acting force for wheelset.
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Fig. 2 Acting force between wheel and rail
(outside rail).
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Fig . 3 Acting force between wheel and rail
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Table 1 Common conditions ®.

Length of straight before curve [m] 30
Length of entrance transition curve [m] 45
Length of stationary curve [m] 90
Length of exist transition curve [m] 45
Length of straight before curve [m] 30
Radius of stationary curve [m] 100, 160, 200
Cant [m] 0.125
Gauge [m] 1.067
Level irregularity 0
Speed [km/h] 10, 15, 20
Ratio of stationary wheel load [-] 1
Tread center position wheel radius [m] 0.43
1/2 left and right contact 0.56
point spacing [m]

Bogie frame mass [kg] 1600
Wheelset mass [kg] 1300
1/2 left and right primary 2/2
suspension spacing [m]

1/2 left and right secondary 2/2
suspension spacing [m]

x direction displacement 0
of the center of gravity [m]

y direction displacement 0
of the center of gravity [m]

Anti-roll bar rotation spring 0
constant [Nm/rad]

Distance from bogie center 0
to torsion bar [m]

Carbody equivalent torsional inf(co0)
rigidity [Nm?/rad]

Bogie torsional rigidity [Nm?/rad] inf(o0)

Table 2 Commuter type railway vehicles parameter 9.

Inside pressure wheel weight 0.4
ratio [-]

Flange angle [rad] 65
1/2 carbody mass [kgl 32900/2
Body center of gravity height on 1.8

the rail surface [m]

Vertical primary suspension 1000 X103
spring constant / axlebox [N/m]

Vertical secondary suspension 350 X103
spring constant / one side bogie

[N/m]

Secondary suspension 150X 103
longitudinal rigidity [N/m]

1/2 bogie center distance [m] 13.8/2
1/2 axle distance [m] 2.1/2
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Table 3 Express type railway vehicles parameter % 9.

Inside pressure wheel weight 0.4
ratio [-]

Flange angle [rad] 65
1/2 carbody mass [kgl 42300/2
Body center of gravity height on 1.2

the rail surface [m]

Vertical primary suspension 1000 X103
spring constant / axlebox [N/m]

Vertical secondary suspension 350X 103
spring constant / one side bogie

[N/m]

Secondary suspension 150X 103
longitudinal rigidity [N/m]

1/2 bogie center distance [m] 13.8/2
1/2 axle distance [m] 2.1/2

Table 4 General type railway vehicles parameter 810,

Inside pressure wheel weight 0.4
ratio [-]

Flange angle [rad] 65
1/2 carbody mass [kgl 43000/2
Body center of gravity height on 1.8

the rail surface [m]

Vertical primary suspension 1000 X103
spring constant / axlebox [N/m]
Vertical secondary suspension 350X 103
spring constant / one side bogie
[N/m]
Secondary suspension 150X 103
longitudinal rigidity [N/m]
1/2 bogie center distance [m] 14.0 /2
1/2 axle distance [m] 2.1/2
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Fig .4 Outline of model.
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Fig. 5 Rail and track.
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Fig. 10 Supposition derailment coefficient
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