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Electromagnetic Performance Analysis of Long-stator Linear Synchronous Motors for Superconducting
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Abstract: The power system of the superconducting electrodynamic suspension maglev train adopts a long-
stator linear synchronous motor. Its operational stability is susceptible to disturbances such as uneven tracks, curve
passage, and crosswinds, which result in alterations to the train's attitude. The air gap between the superconducting
magnet and the propulsion coils fluctuates, thereby altering the electromagnetic force characteristics. To explore the
mechanism of the effect of air gap variation on traction performance, firstly, a mathematical model of the
superconducting linear synchronous motor was established based on the space harmonic method and verified the
accuracy of the model through finite element analysis. Furthermore, the dynamic response characteristics of the
motor air gap magnetic field and traction force under multi-degree-of-freedom disturbances, including vertical,
lateral, pitch, roll, and yaw conditions were systematically analyzed, the correlation between air gap variations and
traction force fluctuations was revealed. The findings provide a theoretical foundation for developing active control
strategies and optimizing dynamic stability in the superconducting electrodynamic suspension maglev train.
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Tab.l Parameters of superconducting linear synchronous motor
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Fig.1  Cross-section of the EDS train
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Fig.2  Structure of the propulsion coils and superconducting magnets
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Fig.3  Three-dimensional finite element model of
superconducting linear synchronous motor
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Fig.4 The magnetic flux density calculated by space
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Fig.6  Schematic diagram of different relative positions
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Fig.7 Magnetic flux density with different vertical offsets
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Fig.8  Propulsion force with different vertical offsets
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Fig.9 Propulsion and fluctuation values with different vertical offsets
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Fig.10  Magnetic flux density with different lateral offsets
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Fig.11  Propulsion with different lateral offsets

3.3 BEREFHIN IR S
) i frad i, ek A B 25 B 1Y
Mo 2R R, & S ECER L R . K SRR

10.0 ==~ 13

O
n
T
B
ﬂ
\ &
/\
| |
N
A\
\
| |
1
251 1150 %

o0

w
w

\

#5| J1/kN
© \
= :
T

\\.
N o

\. :v‘

%
\
\

B

i

&

&

&

1
>

d -1 9
4
d
k/
8.0 L L L 8
=20 -10 0 10 20
H 14 B y/mm

B2 RIRIE R i 5] ) B )
Fig.12  Propulsion and fluctuation values with
different lateral offsets

HroC T B s L T A 6 TR B R
R IR RS F BE A 20~8° ST AZ A AN Af
HL AL %) G SR 0 5 B RN 22 5| g R HLpe sl 1R 132K
AN TRIRFAVD #5107 1) i % 7 56k B, It o O A0 1
BN, R TR B U0 TR R A [, L A sk /) o

Pl 14 F1 &L 15 Sk b8 5 G AR AR A0) O A% Ry 2°~8°
B ELHLAG 22 5| 3 Fn i s e o Y IR % ok 20
iF, 2251 1 349 (8 4 9.2 kN, I 81 4 10.87%.
RS S 8ot , A2 5| 1 BF- A R 7.9 kN,
Bl 134.18%, SN EIE N T 11.3 4%, Ktk b
R S R A OREACD 7 B A B4, rRL ML 51 T 9 - 3418
W T HLZE 5] ) BB Sh I, X RS is TR
FE P A S
800
600
400
200

0
-200

H %0 5 S /m T

-400 MRS 8
—_600F R ES4°
-800}- el 0°
~1000 1 1 1 1 1
0.0 0.5 1.0 1.5 2.0 2.5

{7 ¥ /m
P13 AN [ AV 5 X o7 e i e
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Fig.15  Propulsion and fluctuation values with different pitch offsets
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Fig.16  Magnetic flux density with different roll offsets
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Fig.18  Propulsion and fluctuation values with different roll offsets
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Fig.19 Magnetic flux density with different yaw offsets
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Fig.21  Propulsion and fluctuation values with different yaw offsets
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