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Running Safety Analysis of Railway Vehicle depending on Rail
Inclination Change on Actual Track of Subway Line No.3 in Seoul
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(Received November 1, 2014 / Revised January 11, 2015 / Accepted June 13, 2016)

Abstract : It is very hard to analyze the train derailment safety quantitatively at the curved section because of the diversified affect
parameters including the complex interaction between wheel and rail, the train conditions such as the shape of wheel, suspension system,
the track conditions such as the radius of curve, cant, transition curve, and the operation conditions, etc. Two major factors related to the
running safety of railway vehicle are classified as the railway vehicle and the track condition. In this study, when the railway vehicle
passing through curves of actual track condition of subway line NO.3 in seoul (Yeonsinnae<>Gupabal), the effect that has influence on
running safety depending on rail inclination. The analysis result of 1/40 rail inclination condition is more favorable on running safety than
other rail inclination conditions because derailment coefficient and wheel unloading ratio are the lowest.
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(a) Vertical rail (b) Inclination rail

Fig. 1. Effect of rail inclination on wheel—rail contact,
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Fig. 2. Interacting force between the wheel and rail,
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Table 1. Specification data of Tc car

Index Parameters Units Value
Length m 19.95
Mass of empty car kg 24670
Rolling moment of inertia kgm’ 60000
Car body —— N 2
Pitching moment of inertia kg'm 817500
Yawing moment of inertia kg-m2 817500
Height of center of gravity above the rail| m 1.796
Bogie frame mass kg 2030
] Rolling moment of inertia kgm’ 1570
?Ogle Pitching moment of inertia kg~m2 970
rame
Yawing moment of inertia kg‘m2 1730
Height of center of gravity above the rail| m 0.48
Wheelset mass kg 1690
Rolling moment of inertia kg-m2 850
Axle Pitching moment of inertia kg~m2 850
Yawing moment of inertia kg‘m2 30
Wheel diameter m 0.43
. . Distance between bogie centers m 13.8
Dimension —
Distance between axles m 2.1
] Longitudinal stiffness kN/m 4100
Prlmary Lateral stiffness kN/m 3000
suspension
Vertical stiffness kN/m 910
Longitudinal stiffness kN/m 120
Secondgry Lateral stiffness kN/m 110
suspension
Vertical stiffness kN/m 320
Damping | Lateral damping kN-s/m 940
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Table 2, Specification data of T car

Index Parameters nits Value
Length m 19.5
Mass of empty car kg 18630
Rolling moment of inertia kg~m2 45300
Car body 3
Pitching moment of inertia kg'm” | 617500
Yawing moment of inertia kg~m2 617500
Height of center of gravity above the rail| m 2.103
Bogie frame mass kg 1840
Rolling moment of inertia kg~m2 1420
Bogie frame | Pitching moment of inertia kg~m2 880
Yawing moment of inertia kg~m2 1570
Height of center of gravity above the rail| m 0.48
Wheelset mass kg 1690
Rolling moment of inertia kg~m2 850
Axle Pitching moment of inertia kg~m2 850
Yawing moment of inertia kg~m2 30
Wheel diameter m 0.43
) ) Distance between bogie centers m 13.8
Dimension
Distance between axles m 21
Longitudinal stiffness kN/m | 3300
Prmary f pteral stiffness KNm | 2100
suspension
Vertical stiffness kN/m 820
Longitudinal stiffness kN/m 104
Seconde}ry Lateral stiffness kN/m 100
suspension
Vertical stiffness kN/m 269
Damping | Lateral damping kN-s/m 94

Fig. 3. Vehicle model,
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Fig. 4. Wheel profile(S1002). Fig 5. Rail profile(60kg Rail).
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Fig. 6. Radius of curvature of Gupabal<>Yeonsinnae section,
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10. Analysis results of Gupabal<>Yeonsinnae(down) section,

Gupabal->Yeonsinnae

R % —m— Limi

-g —e—1/20

2 —A—1/30

o —v— 1/40

o 0.1

o 3

=}

g

Q

(8]

< 0014 \

o E

=

3

(3]

S

n‘:1E‘3'|'|'|'|'|"'|'|
00 01 02 03 04 05 07 08

Unloading Ratio(dP/P)
Yeonsinnae->Gupabal

5 3 = Limit

-g —e—1/20

3 —a—1/30

o —v— 1/40

o 014

© 3

>

£

3

Q

[&]

< 0014

o E

=

5

(0]

S

n’:1E‘3'|'1'|'|'| |
00 01 02 03 04 05 07 08

Unloading Ratio(dP/P)

Table 3. The maximum value of Analysis results

Inclination Change (Q/P)max (AP/P)max
1720 0.62 0.54
Down 130 0.56 0.47
1/40 0.55 0.46
1120 0.72 0.65
Up 1/30 0.69 0.49
1/40 0.55 0.45
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