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Motion Stability of High—Speed Maglev Train on Curved Track
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Abstract : Motion stability of the high—speed maglev vehicle under steady aerodynamic load was studied. The dy-
namic model of the high—speed maglev vehicle on the curved guideway considering influence of aerodynamic
loads was established. The critical speed concept of the maglev vehicle considering aerodynamic loads’ effect
based on eigenvalues was presented. Vehicle speed, control parameters, and aerodynamic coefficients to make
the critical speed of the high—speed maglev vehicle change in the critical state were also analyzed. The results
show that when the system reaches the critical state, it has two critical speeds. Under the conditions in the criti-
cal state, the position control parameters vary from 20 000 kN/m to 2 000 kN/m, and aerodynamic coefficients
vary from 0.006 to 0.001, and the critical speed gets larger. The first critical speed occurs when the aerodynamic
force is upward, and the second critical speed occurs when the aerodynamic force is downward. Instability is
caused by the change from the equilibrium position for the curved guideway and wind loads. Aerodynamic down-
ward force and centrifugal wind loads is not good for stability, but aerodynamic upward force and centripetal
wind loads improve stability. The horizontal angle can be matched with the centripetal force, but the vertical an-
gle is allowed to be set in a small range.
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(b) The forces of a train
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Fig.1 A mechanical model of high-speed maglev at a
curve line
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Tab.3 Statistical table for the critical speed A ,B,, B, with
an upward and centripetal aerodynamic force

km/h

Aerodynamic  Critical speed  Critical speed Critical speed

coefficient A k=20 000 B,,k=5000 B, k=2 000
0.01 620 805 506
0.02 520 820 533
0.03 519 838 565
0.04 522 858 600
0.05 530 875 640
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Tab.4 Statistical table for the critical speed B,,B, with

horizontal angle km/h

Horizontal angle Critical speed B, Critical speed B,

0° 542 504
2° 589 410
5° 655 -
8° 709 -
10° 745 -

®5 MESERATHIGFERE B,B, KR
Tab.5 Statistical table for the critical speed B,,B, with

vertical angle
km/h

Vertical angle Critical speed B, Critical speed B,

0° 500 500
1° 540 455
2° 578 406
3° 613 350
4° 646 278
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Tab.6 Statistical table for the critical speed A ,B,, B, with
a downward and centrifugal aerodynamic force

m/h

Aerodynamic ~ Critical speed Critical speed ~ Critical speed

coefficient A ,k,=20 000  B,,k,=5000 By,k,=2 000
0.01 630 775 463
0.02 523 761 445
0.03 522 748 430
0.04 522 735 416
0.05 526 725 403

x7T MEKFERZUIGREE B,,B, RIS
Tab.7 Statistical table for the critical speed B,,B, with
horizontal angle km/h

Horizontal angle Critical speed B, Critical speed B,

0° 542 322
2° 488 256
5° 395 91
8° 275 -
10° 150 -

*8 MEEZERIGFREE B,,B, NS KRG
Tab.8 Statistical table for the critical speed B,,B, with
vertical angle km/h

Vertical angle Critical speed B, Critical speed B,

0° 321 335
1° 550 -
2° 580 -
3° 615 -
4° 646 -
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