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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 critical state, the posi-
tion control parameters vary from 20 000 kIN/m to 2 000 kN/m, and aerodynamic coefficients vary from 0.05 to 0.01,
the critical speed gets larger. When the real part of the eigenvalue is zero, but the imaginary part is not zero, the
first kind of critical velocity occurs. When both the real part and the imaginary part of the eigenvalue is zero, the
second kind of critical velocity appears. Instability is caused by the change from the equilibrium position for the
curved guideway and wind loads. Aerodynamic downward force and centrifugal wind loads are 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 angle is allowed to be set in a small range.
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(a) Train running plane at the curve—overlapped region
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Fig.1 A mechanical model of high—speed maglev at a
curve line

[ BN ) 3R 25 G O 8 1) B AT 2R KL
2 NESW

IR x=y vy z MEMIREAEL,
b AR E IR V)

x=Ax+B (5)
ay  Gp ap Ay by
@ ap apn  ay by
A= ,B= (6)
a3 Gxn 4z Az b3
Ay Qap A3 Ay b 41

=%k oy, == (ko +k,5(t) ) ,a15=0,
=0, a,=1,a,=0,a,5=0,a,=0,
a3=0,a%=0,a=k.n,

=k yotknés(t) ) ,au=0,a,=0,
ap=1,au4=0;

m.(v/3.6)* . _'_mc(vcos,B/3.6)2
Ra;

Ry

megeosBsina—f/fuotk.yotkséi(t),

2 2
by= mc(l}?ﬁ) cosat mg(vc%sﬁl3.6)
v H

1=

no cosO—

sino+

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

a=k e tken, =k ke
3 (5) A0 Tk B 26 1 D AR AR ) S BB 2 /N T
T MR 57 W R U AR SRR AR A SRR SRR
a>0,a,a,>0 (8)
FEH ZHO I R E (T E . RS
VI G Y B Sy GO RN RN RS < G
(ky—u,)” (k,,zo—zun)2 0

yoz 20
o,
k) ) ’ k ) ’
( ,yyozu) L pzzozu) 0 (9)

U B P i S8k, [ 5E A KR T D B
yo 9z PRFFAZ , RIEK (1), 43 %A,
il AL 1o BRAE AR AL, T B TR G - £ A
B, A R G (1) HROT S A A5 80 (uo,
yo) Ml (uo,z0) o V- 137 5 B BACAE 52 0 2 P 3 R G0 1)
FEAE AR ¥, o 52 i 2 X (7) R AR A9 R 2 100
IR | B O SIS AR PR AR s TH I AR E |
T R E R e . I, Ush 32 e B R E R G
i B R 1

B R RYSE N, st wsgn . AR, P
L E (Lo, y0) B (1o, 20) BEF M JEWARL . X BEIRE
IR BRI, WIPE S 0 #6074 3R G2
SEHY . WEARE BB B R G RRE TE S A
MBS, MR A AH BEH BE AT,
PRI SRR e R AR 2K (8) o SR, BEA LAY
B, R Bh g R R — A B 2 RO A e
FERRE W SR . IR BEIF T R GEY 2 ORI R ARk
KT,

MR A8 BT A 23 AT, BT R B 38R M s e B
ok, ISk 23 B 2433 A IR BEIF E AR e, T
R— BT A s o —
(L AR, R A R ) A (L S BT 0 25 T % & TE &
GUIRE] TN AR 0 30 A, XA Y
PRIl 7t

A (5) FaAE B9 78 2 46 1 LT e Ak (L 1) S5 BT 70
INTE TR TR R A SR %5 T % )

http://www.cnki.net



(C)1994-2023 China Academic |

514

AR, G5 g L R R A i S R 29

WAER N A=a+iB #7& FEAE T #E2(7) B AR (o F1I
B AR LA) o W HARAREAE 7 # 20 SERHR 43 F
G X
[ -, =0
—B+a, =0 }

MEFEE A 0 SEECGR 5055 T & LT R G
AL B AR E A I SRS o FRE T RE Y 4 DMRAIEAR
A B — X B0 17 BOR R AN SEROR . R GE AR e T
A LU P2 I AR

1) 55— 280m FURA L PR IEAR () SE BG4
Z. W, a=0,A=£ B, BF RGN 13155 X
(Hopf 43 ) kA o X HIZE ST Z 54 TAEH
T AR FR PRIz Bl i A RSB

VA

(10)

a,=0,a,= 3’ (11)

AR T I P 0 e n o
2) B RIm VRS  SEBURAE M SE T L e,
a=B=0,A1=0, K, P FS0No XA T, FHHE
TFREVEAIN I KBS MRS ATa e, Wik
(9)2EH a,=0, X FPIE BT H I T B 0,

Al U aritical-By o

3 HESH

AT EF RGN EN, HHET RS
S E 1, EEWE 2, SHHBEEERN
2SS AR ME (BS EN 14067-6.2018) , 71

®1 WHESH

Tab.1 Magnet parameters

o/ (NIA®)  yo/m  zo/m N,  RIQ A,/m? mJkg
4mx107 0.01 0.01 320 10.0 2.0 2.1x10*
x2 SHEH
Tab.2 Aerodynamic coefficient

Degree/(°) C, Cs
1 -0.23 -0.001
10 -0.25 -0.63
20 -0.16 -24
30 0.02 -3.8
40 0.52 -53
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Fig.2 Changing curve of the real part conjugate
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Fig.4 Changing curve of the real part conjugate
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Tab.6 Statistical table for the critical speed A ,B,, B, with
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Tab.5 Statistical table for the critical speed B,,B, with m/
vertical angle Aerodynamic  Critical speed Critical speed Critical speed
km/h coefficient A ,k,=20 000 B, ,k,=5000 B,,k,=2 000
Vertical angle Critical speed B, Critical speed B, 0.01 630 775 463
0° 500 500 0.02 523 761 445
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