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ABSTRACT

<& 2}), Running Dynamic Characteristics(5~3}
7¥4d), Guidance Stiffness(F17d4d), Electrodynamic Suspension(+F-

554), Levitation Stiffness(F-*¢
ZHkakAl 1}7]3%}6]')

The capsule train is a subsonic high-speed transportation system adopting electrodynamic suspen-

sion using a superconducting magnet. As the capsule train travels in a levitated state by using mag-
netic levitation force at a certain speed, the dynamic characteristics under those conditions must be

considered. In this study, the running dynamic characteristics of a capsule train were studied in the
speed range of 210km/h to 1080 km/h. To analyze the dynamic characteristics of a capsule train
comprising one carbody and two bogies, the equations with 15 degrees of freedom for vertical, later-
al, roll, pitch, and yaw directions were derived. Based on the characteristics of a side wall EDS sys-

tem, the effects of running speed, levitation coil pitch, and vertical and lateral displacement were

taken into account for the levitation stiffness and guidance stiffness, which function as primary sus-

pensions of capsule train. In addition, irregularities of the guideway in the vertical and lateral direc-

tions were considered in the analysis. Finally, the displacement and acceleration of capsule train were

analyzed in terms of specific frequencies and those magnitudes.
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Fig.1 Dependence of the levitation spring coefficient
on y and z(v=140m/s, static)
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Table 1 Main parameters of capsule train

Parameter Value Parameter Value
m, 10 467 kg Ly 10 000 kg-m?
m, 16 361 kg Ier 16 700 kg-m?
L. 18 m Iy 612 000 kg-m’
L, 0.45m Iep 1040 000 kg m’
bair 7.4m Ty 1 190 000 kg'm®
huiny 0.497 m Ly 970 000 kg m’
haire -0.102 m ks 372 600 N/m
hgug 0.07 m kq 166 700 N/m
Wair 0.4m Cp 2450 Ns/m
Wiy 0.63 m Cpl 400 Ns/m
P 0.45m Cs 3726 Ns/m
Csl 1677 Ns/m
u k= Av+Bu
y=Cx+ Du
ity (Right) 3
Vehicle model ity (Lel) @
’—‘ Imegularity (Right)

@ toou Side Imegularity (Left)

Ei”::; Irregularity Model (Right) ey SaTereIan
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Table 2 Result of frequency analysis (displacement)

Frequency | Vertical | Lateral Roll Pitch Yaw
(Hz) |[F|R|C|F|R|C|F[RI|CI|F|R|C|F|R|C
0.46 o |o
0.67 o |o
0.9 o |o
1.03 o
1.1 o o
1.64 o o
6.13 o |o
6.88 o |o

9.25~10.18 o |o
14.5 o |o o |o
15.01 o |o

F(front bogie), R(rear bogie), C(carbody)
£ x10*

(0]

2 )

§ol~—nr

s 5 20 25 30
Frequency (Hz)

N (a) Front bogie

£ x10™ ‘ i

% . -

= 5 10 15 20 25 30
Frequency (Hz)

. (b) Rear bogie

E  x10*

©
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Fig. 6 Displacement of bogies and carbody (lateral
direction, v =810 km/h)
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Table 3 Result of frequency analysis (acceleration)

Frequency Vertical Lateral
(Hz) F | R|C|F|R|C
9.25 ~ 10.16 o o
14.15 o o
15.01 o o
F(front bogie), R(rear bogie), C(carbody)
N’; 1
E
Sosft
3
.‘é
g
S o0 w e I
0 5 10 15 20 25 30
Frequency (Hz)
(a) Front bogie
N:-\,; 1
E
Sosf
2
e
g
S o w 1 I
0 5 10 15 20 25 30
Frequency (Hz)
(b) Rear bogie
Fig. 14 Acceleration of bogies (lateral direction, v=
810 km/h)
WAT) Fig. 13 538 422 Waka} 8 Wk 71419
RMS o] 237} oS- fafelA e A 8l

v
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2 7o el
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