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Numerical Simulation of Dynamic Behaviour
of a Gauge-changeable Freight Wagon
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Abstract

In order to transport cargo rapidly and safely from the trans-Korean railway to the trans-Siberian railway having
a different gauge, a gauge-changeable freight wagon can be used. Because the wagon is expected to run in South
Korea, North Korea and Russia, it should have good dynamic performance in these railways. In this paper, the dynamic
characteristics of a gauge-changeable freight wagon was analyzed numerically using ADAMS/Rail in each condition
of the railways having different gauges and rail profiles. The wagon makes use of load sensitive friction damping and
has highly nonlinear behaviour, which is modeled in detail as the full nonlinear dynamic model. It is shown that the
running behaviour of the wagon is sensitive to changes in the rail gauge and profiles, however the assessment
quantities from the point of view of safety, track fatigue and running behaviour are less than the limit values.
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Table 1. Input data for modeling a GC-freight car

Index Terms Units Input
Mass kg | Tare: 8,900, Laden: 58,935
Tare:
Car
Moment of | | 3 304 1y:49.472 12:47,177
Body Inertia kgm
(1/2-Body) Laden:
-Lody 1x:25,000 1y:370,000 12:390,000
. Mass kg | 1,337
Bogie v ;
Frame omen.t © kgm® | Ix: 833 Iy: 633 Iz 1,408
Inertia
Mass kg 1,572
Standard Gauge (1435 mm):
Moment of Kom? Ix: 661 ly: 103 Iz 661
Inertia & Broad Gauge (1520 mm):
Ix: 706 Ty: 103 1z 706
Axle Diameter of m lose
Wheel ’
Length m | 2.027
Tape Circle m (Std. Gauge) 1.502
Distance (Broad Gauge) 1.587
Mass kg | 100
Axle v .
Box oment o kem® | Ix: 25 Iy: 25 Iz 25
Inertia
tare S/P:
Lst . kx: 0.7 ky: 0.7 kz 0415
S/p Stiffness | MN/m laden S/P:
kx: 0. ky: 0. kz: 0.660
Side .
Stiffness | MN/m | kz: 2.16 MN/m
bearer
Axle Dist. m 1.8
Bogie Dist. m | 870
Sidebearer
Ete. | Distance m | 1450
Friction
Coeff. 0.4
(wheel-rail)
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Fig. 3. Gauge-changeable bogie and freight car models
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Fig. 4. Wheel tread profile
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Table 2. Condition of tangent tracks for simulation

Index Rail Gauge(mm) | Rail Inclination
South Korea KSSON 1435 1/20
North Korea 250 1435 1/20

Russia P65 1520 1/20
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Table 3. Condition of curved tracks for simulation

Index Unit | South Korea | North Korea | Russia
Gauge mm 1,435 1,435 1,520
Rail Name KS50N =50 P65
Inclination 1:20 1:20 1:20
Radius of m 300 300 300
Curvature
x
Length of 700 600 500
transition curve | cant
Cant mm 110 100 130
Slack mm 12 18 20
Max. Speed |\ 78 75 65
in Curve

Table 4. Properties of track irregularity

Index Left Rail (mm) | Right Rail (mm)
Standard Deviation
. 22
(Vertical Alignment) 233 7
Standard Deviation
(Lateral Alignment) 152 1.53
Max. Vertical Alignment -11.7, 9.93 -10.08, 7.70
Max. Lateral Alignment -8.08, 6.39 -8.73, 6.18
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