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of One High Speed Freight Car
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ABSTRACT

The development of railway vehicle and bogie involves the proper selection of design parameters
not only to achieve high speed but also to reduce the vibration of the train. In this study an
analytical model of a high speed freight car is developed to find the critical speed. The high speed
freight car can generate the snake motion of the lateral and yawing motion of the car body, the
bogie, and the wheelset. Numerical analysis for the nonlinear equation motions with 17 degrees of
freedom showed the running stability and critical speed due to the snake motion. Also, the
vibration modes of the high speed freight car was calculated using ADAMS RAIL, which showed
that the critical speed have the yawing modes of the car body and the bogie. Finally, this paper
shows that the snake motion of the vehicle can be controlled with the modifications of the design

‘parameters.
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Fig 1. Snake motion of wheelset
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Table 1. Degree of freedom

Name Wheelset Bogie Car body Total
Lateral 1x4=4 1x2=2 1x1=1 7
Rolling 1x4=4 1x2=2 1x1=1 7
Yawing 0 1x2=2 1x1=1 3
Total 8 6 3 17
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Fig 2. Freight car model
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Table 2. Specifications of the freight car

Index Terms Symbol | Units Input
Car Weight of the Car body me ton 16.083
Body Moment of Inertia Roll & Pitching, Yaw Ie Iy Mgm 17.625, 317.26
Boige | Weight of the Bogie ms ton 1.982
Frame | Moment of Inertia Roll & Pitching, Yaw | Is, Iy Mgm 1.05, 1.64
Weight of the Axle My ton 1.309
Axle Moment of Inertia Roll & Yaw Iy Mgm 0.75
Half of Wheel Diameter r m 0.43
Half of Axle Distance b m 0.9
. . Half of ie Distance )4 m 453
Dimension [ 0 ot Spring_ he m 0978
Half of Between 2'nd Suspension Center hs m 0.838
Longitudinal Stiffness Kox MN/m 55457
Ist S/P | Lateral Stiffness kpy MN/m 42323
Vertical Stiffness kpe MN/m 1.6128
Vertical Stiffness Ksz MN/m 3.8791
2nd S/P | Lateral Stiffness ksy MN/m 0.90384
Bolster Stiffness ke MN/m 0.06779
Damper Vertical Damper Coefficient Csz MN/m 0.11072
Lateral Damper Coefficient Cy | MN/m 0.18454
Contact Lateral Track Stiffness ko MN/m 146
Rail-flange Clearance il m 0.009
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(a) Lateral displacement, v=98km/h
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(b) Lateral displacement, v=100km/h

Fig 3. Numerical results for the lateral displacement of the car
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Fig 4. Root loci(wheelset)
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Fig 5. Stability analysis
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{a) Spake motion of wheelset(11.28Hz) (b) Snake motion of bogie(5.96Hz)
Fig 6. Simulation results of the snake motion
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