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ABSTRACT

The hyperloop capsule vehicle employs an Electro-Dynamic Suspension(EDS) magnetic levitation

system utilizing non-contact superconducting electromagnets. This system exhibits the characteristics

of a nonlinear suspension system, primarily determined by the nature of EDS, which serves as the

primary suspension. The nonlinearity of this primary suspension is influenced by the varying

distance between the guideway and the vehicle, as well as by the capsule vehicle’s speed. In this

study, the effects of semi-active control on the vertical vibrations of a capsule vehicle, operating at

speeds ranging from 150 km/h to 1000 km/h in a levitated state, were examined. The capsule

vehicle was modeled as a 9-degrees-of-freedom system, incorporating vertical, roll, and pitch motions

of the car body, front bogie, and rear bogie, respectively. To achieve vibration reduction, semi-active

control was applied by utilizing a magnetorheological damper in the secondary suspension positioned

between the bogie and the car body. The vibration mitigation performance across different speeds

was then evaluated numerically.
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Fig.1 Vertical dynamics model of capsule vehicle
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Table 1 Main parameters of capsule vehicle

Parameter Value
m, : mass of car-body 17 060 kg
my, : mass of bogie 4759 kg
k, : secondary suspension spring stiffness coefficient 37.26e4 N/m
¢, : secondary suspension damper coefficient 3276 N - s/m
L. : length (?f car-body from the center of the mass of car-body to the lateral or vertical secondary 740 m

suspension system

L, : bogie length 440 m
Iy, @ height from the center of mass of the bogie to the lateral secondary suspension system 0.497 m
w,; : width from the center of mass of bogie to the vertical secondary suspension system 040 m
w,, : width from the center of mass of bogie to the levitation EDS system 0.63m
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Table 2 Main parameters of capsule vehicle

. Semi- Reduction

Component Passive i [%]
Qarbody 333x10% | 0.95x 10 71.47
displacement [m]
Carbody roll [deg] 0.0172 0.0091 47.09
Carbody pitch [deg] 0.0014 0.0003 78.57
Front bogie 18.12 x 10| 13.04 x 10* 28.03
displacement [m]
Front bogie roll 0.2637 0.1949 26.09
[deg]
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