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Dynamic Analysis of Wheel-Rail High Speed Train Propelled by
Superconducting Linear Synchronous Motor
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Abstract This study examined the running dynamic characteristics of a hybrid type wheel-rail high speed train, in
which the propulsion method of maglev is applied. A wheel-rail high speed train propelled by a superconducting linear
synchronous motor (SC-LSM) is expected to be superior to a maglev train regarding economical and interoperable
aspects, still having powerful thrust force as maglev. In this paper, regarding the two methods of applying the
SC-LSM to an existing wheel-rail train, to investigate the influences of SC-LSM propulsion on the dynamic
characteristics of wheel-rail high speed train, the dynamic model of train including interaction between the rotor and
stator of SC-LSM is established. Through the simulation using the model, the influence of the interaction between
the rotor and stator of SC-LSM on stability, ride comfort and the effect of guideway irregularity are investigated.

Keywords : Wheel-Rail High Speed Train, Superconducting electromagnet, Linear Synchronous Motor, Dynamic
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Table 1. Relative comparison of characteristics between
proposed methods

Type 1 Type 11

Easiness of rotor/stator attachment Difficult Easy
Cost of construction Low High

Need of magnetic shield High Low

r
Fnownal Fthrust
)
-1 -H0° 0 9 180°

Fig. 5. Typical thrust and normal force as function
of magnetic field angle between rotor]

electromagnet and stator coil

Frorma(N)

_Tf%

g(m)

Fig. 6. Normal force as function of gap between rotor
and stator in SC-LSM
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datel f3(w), WAkb) 2 AR (v)el
wako 2o] 14 AHE AHHSE TS

T = [yuij wwj’ Ypis %p Y 1/)1;5 (5)

Yurjp Lo Ynis Vs Yo 1]

forj=1,2,3,4;i=1,2,

O

v} 2] Al

ofell ek Algl A

o ge 2o,

x= Az + Bu
z=Cx

7| A+ A" 98, BE
25 Yehl L, wét 2= 247 4=
Wtk Al2d" 5435 UER)
Ao mdo
27 dd Abele] HEe
force)o] X3 AHE
2 W o w2 ALke

e A,

L
L

L

m, 4.4x105 N/m

w

1400 kg

3800 kg 167000 N/m

28000 kg 167000 N/m

965 kg'm’ 1.125 m

134 kgm’ 6.9 m

3800 kgm’ loa I'm

9x105 kg'm’® s 1.05 m

96000 Ns/m 23 kN (Type 1)

max

6.6105 N/m 11.5 kN (Type II)
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Table 3. Magnetic field angle effect on critical speed
and ride comfort in Type II train

Critical speed Peak acceleration
6 2 . 2
(km/h) Lateral(m/s”) Yawing(rad/s")
90° 358 0.6752 0.0617
70° 360 0.6171 0.0531
30° 363 0.5376 0.0420
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Fig. 13. Lateral displacement of first wheel set in Type
II train as guideway step variation (V=358km/h, ¢

=70°)
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