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Capsule Train Dynamic Model Development and Driving
Characteristic Analysis Considering the Superconductor
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Abstract A magnetically levitating capsule train, which runs inside the sub-vacuum tube, can reach
ultra-fast speeds by dramatically reducing the aerodynamic drag and friction. The capsule train uses the
superconductor electrodynamic suspension (SC-EDS) method for levitation. The SC-EDS method has
advantages, such as a large levitation gap and free of gap control, which could reduce the
infra-construction cost. On the other hand, disadvantages, such as the large variation of the
levitation-guidance gap and small damping characteristics in levitation-guidance force, could degrade
the running stability and ride comfort of the capsule train. In this study, a dynamic analytical model of
a capsule train based on the SC-EDS was developed to analyze the running dynamic characteristics. First,
as important factors in the capsule train dynamics, the levitation and guidance stiffness in the SC-EDS
system were derived, which depend non-linearly on the velocity and gap variation. A 3D dynamic
analysis model for capsule trains was developed based on the derived stiffness. Through the developed
model, the effects of the different running speeds on the ride comfort were analyzed. The effects of a
disturbance from infrastructure, such as the curve radius, tube sag, and connection joint difference, on
the running stability of the capsule train, were also analyzed.
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Fig. 2. Capsule train vehicle with
superconductor magnet[1]
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Fig. 3. Tube guideway with propulsion, levitation
and guidance coill1]

Table 1. Major components of the capsule train and
their weights[1]

Bogie Car body
Superconductor 1,500 kg Structure 4,396 kg
magnets
Wheels 250 kg | Chairs and 800 kg
interior
Frame 1,853 kg PaSTengerS and 2,000 kg
uggages
etc. 1,056 kg etc. 9,868 kg
Total 4,759 kg Total 17,064 kg
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Table 2. Specification of the SC-EDS system[1]

Lateral length of superconductor magnet(7,,) 1,100 mm
Vertical length of superconductor magnet(Z,,,) | 400 mm
Supplied current in superconductor magnet(z,) 750 kAt

Electrical gap between superconductor magnet and

null flux coil(g) 150 mm

Lateral length of null flux coil(7,) 720 mm

Vertical length of null flux coil(L,) 290 mm

Thickness of null flux coil(Z,) 30 mm
Number of turns in null flux coil(4V,,,,) 24
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Table 3. Analysis conditions

velocity(km/h) v offset(mm) z offset(mm)

-100, -90, -80, -70,
-60, -50, -40, -30, -20,
-10, 0

50, 100, 150, 200,
300, 400, 500, 1000

-50, -40, -30, -20,
-10, 0
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Table 4. Acceptable curve radius

velocity (km/h) 1,000 800 600 400
radius (km) 85 65 37 25
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Fig. 19. Vertical bogie displacement according
with connection joint difference
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