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Investigation on the Dynamic Characteristics of the Capsule Train
Bogie according to the Superconducting Magnet Electromagnetic
Force and the Guideway Irregularity
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Abstract This paper deals with the dynamic characteristics of a capsule train bogie that utilizes a
superconducting electrodynamic suspension (SC-EDS) levitation. The dynamic characteristics of the
capsule train bogie are affected by the design specifications and the operating conditions of the
superconducting magnet mounted on the bogie and the electric rail on the tube guideway. In this study,
to obtain the designs for the superconducting magnet and the electric rail for basic performance, the
levitation and guidance stiffness in the bogie primary suspension system were derived by considering the
SC-EDS levitation method. Based on this derivation, a dynamic characteristic analysis model was
constructed. Through the simulation that used the constructed model, the dynamic characteristics of the
bogie were investigated according to the major operation conditions such as the superconducting
magnet's electromagnetic force and the guideway irregularity. The investigation results showed that
proper adjustment of the electromagnetic force and a smaller guideway irregularity lead to improved
dynamic characteristics of the bogie. It was also found that the imbalance of the electromagnetic force
and the guideway irregularity both made the bogie's dynamic characteristics worse, especially the

dynamics of the roll direction.
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Table 1. The parameters of the capsule train bogie model

m 1,400 kg 1, 211 kg'm?
1 935 kg'm’ h -0.014 m
w 0.375 m b 0.405 m
z
i
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Fig. 10. Dynamic analysis model for the capsule train bogie
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Fig. 11. Guideway irregularity

724

2.3 ol 2 J1E

Fig. 12+ that 554 oA A7) 2n 4= A
A9l 71ako] 320 kAt ©]i, F&KEr7E 1,000
km/h & wf ThRQ] $2], £, 1], & HWFo| HAS
UERAT Fig. 139] £ (150, 200, 300, 400, 500,
1,000 km/h)Z dxPE9 =7]19] RMS(Root Mean
Square) %= HlwsA Uehl=t], ¢4 9 $73 ¥
9] A% FAdo] g AlFE AJF(150 km/h)olAe] ¢
7} 331, 9F 300~500 km/h £=71A= H7F 4ot
o7t 1 o] Follis thA] S7oks FAIE ol ol #
4 2700l 244 9 R Bdo] SEoHA] got tiAbA
A7F 3A YA, £ F7tel wek o] F7hstod
HA7E AAF o APt Lo R FFho) wet
oA S7Fel= Ao2 watET) =, Fig. 83 Fig. 90014
ZRIg 5= l=o] FAdo] 9 AlRE]= A%<l 150 km/h
olA ZAgol wi- Zom £ Ftof wat AXA e
7} 400~500 km/h ©]%7} =H dAaRl=d]|, 4ol
oA gFod A E AXA "ot E3L ojeks
AR &7t SIS izt 7heiR]s A%l AA
2= ARAE Aol 7] wiEo] ojek 22 a9l
o] B3ty o= 223 Ang wWotEch X9 & ¥
9] 7% 400 km/h HFo|A #A&59] Eolxo] LAsh=
o] ol o] &&= FolA mA|et & Wt IAH If
e Bt ek Zoa wekEnh

Vertical
20 20

£ £
E o EO/\/\/\/\/\/\/\/\/\/\)

20 -20
0 (]

Lateral

Pitch Roll
0.0: 0.05

2 0.01
° 0
-0.01 -0.05

0 2 4 6 8 0 2 4 6 8
sec sec

Fig. 12. Dynamic characteristics of the capsule train

bogiee (320 kAt, 1,000 km/h)

Vertical Lateral
6 8
. _—o f e
a —e. A 6 Q —e
E Neo—o— =S 2 \\ /
£, £ v/
b  J
0
100 400 700 1000 100 400 700 1000
km/h km/h
Pitch
003 = - Roll
0.02 7\ ©0.02 —-—
2 N N g R 5 )
So001 [ e T o001

100 400 700 1000 100 400 700 1000
km/h km/h

Fig. 13. Dynamic characteristics of the capsule train
bogie according to speed (320 kAt)



2R A4 714 @ slolglo] BHL0] BE ALEA Hae] FEY NI

Fig. 14+ ZAE A& 7130 e i3} 554
Hwgh Ayjoltt, AL A AlRREe] A 7|AHE
(320 kAD) HH], 10% #4 9 571 = 7122288 kAt,
352 kApol gt AE B|wslgct. 7|Akgo] W 7
9, FAhgo] Hotar ol weEt 712 HYH A 2)
g ARy 743 kol ®ish, ol=gh 8]lo] FFH o
2 283 A= gix] 5540] YA =t Si4
237}, ro] e iR A= 288 kAt, 320 kAt,
352 kAtollA 25 A2 GARH Uep AT, AA41E
Q1 ¥9]9] F27]% Table 291 H&l5te] vlwst A3 o]
320 kAtoIA 71 235 & 4= Qlrk wEbA 2HE 2%
219] 7|12kg0] 320 kAt & wjo] At 55/do] 288 kAt
352 kAol Hlof 943k & 4= Qlth
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Table 3. Average percentage of bogie displacement
change according to guideway irregularity

increase
Guideway
irregularity Vertical Lateral Pitch Roll
increase
5% 5.1% 7.8% 5.4% 5.8%
10% 10.1% 16.2% 10.7% 12%
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