%536 % 4 9 W o ML M TR Vol.36  No.9
2025 4 9 A CHINA MECHANICAL ENGINEERING pp.1925-1933

BEXF Hb 2K 4 0 52 B0 A LB L ART AS I
U R o B

FERAL F AT ML AmE BEEFE
L O RBRFMERBEEAALBELEZE T, A4, 610031
2.7 M AR Z AT IR R A A R3] ), 510010

BWEASALX A EBROGLID P, AE T KRIE AT R -FIRE F 45 -F 4200454769 %
KX FZ,HN S s A FHRMESIMPACKZ =7 A X UM E43) ) FAR R R T il JUAT R -F IR *F £
W ) FHAEG TR, 0N THRETATRFIRBE AR KEE, EREAN.FHELAXBRGHRBITH F14K
MBI 2Hz £ FRA R . 5 R LA AL 10~13 m ik K448 69 3 é) R -F R 48 £ 5 i JUAT R -F IR
BBEEKECAEIEHEME FEREBESME R T, & R FIRATE AR S Ao £ AR AE &) Ao ik B v 3%
MR A R E A T ALK BAMK E A G RS, e R PR R K K& A 10~13m . 17~20 m, &R -F
IR AR % KB A 5~8 mA» 12~17 m, 42 oy Fo 2K B R PR SR K KB ) 5~8 m A= 15~20 m; il JUAT R
TR AR ELE IO~ mBABRE KK EZE £ L CRBRELE,EIS~20mBAREKKEEIRS
RN Sk R L S i

KW HZAL W3 T2 PR s U TL A AN S T s 0% I 5 A ) S B

RESES U213.2

DOI1:10.3969/].issn.1004-132X.2025.09.003 FR R (RIRRS)#RIRE (OSID):

Sensitive Wavelength Analyses of Track Geometryic Irregularities for Metro
Vehicle Swayings

QI Yingjie'! LIWei" LIU Zenghua® ZHOU Yabo' WEN Zefeng'
1.State Key Laboratory of Rail Transit Vehicle System, Southwest Jiaotong University s Chengdu, 610031
2.Guangzhou Metro Design & Research Institute Co., Ltd., Guangzhou, 510010

Abstract: Aiming at the problems of LIMs metro vehicle lateral swayings, correlation analyses be-
tween the characteristics of track irregularities and the stability indicators of the vehicles were studied. The
dynamics software SIMPACK was used to establish a dynamics model of the LIM vehicles. The influences
of track irregularity on the vehicle dynamics performances were simulated and the sensitive wavelength
ranges of track geometric irregularity for the LLIMs vehicle swayings were analyzed. Results show that the
low-frequency lateral swaying of carbody occurs at about 2 Hz when the vehicles are travelling at high
speed in a straight line, which is related to the lateral track periodic irregularity with wavelengths of 10~
13 m. The suspension mode frequency of the vehicles determines the sensitive wavelength range of different
track irregularities. Alignment irregularity has the most significant influences on the wheel-rail lateral
forces and the lateral accelerations of the carbodies. For the carbody lateral swayings, the sensitive wave-
lengths of alignment irregularity are as 10~13 m and 17~20 m. The sensitive wavelengths of vertical ir-
regularity are as 5~8 m and 12~17 m. The sensitive wavelengths of both twist and crosslevel irregularity
are as 5~8 m and 15~20 m. The excitation frequency of track irregularity with a sensitive wavelength
band of 10~13 m is close to the frequency of the upper sway mode of the vehicles. The excitation fre-
quency of track irregularity with a sensitive wavelength band of 15~20 m is close to the frequencies of pitch
mode and roll mode of the vehicles.

Key words: linear induction motor(LIM) ; vehicle dynamics performance; track geometric irregular-
ity ; sensitive wavelength; lateral swaying
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Fig.1 Arrangement of vibration accelerometer
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Fig.2 Lateral vibration acceleration history
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Fig.3 Spectrum of lateral vibration acceleration
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Fig.4 Sperling index distribution of carbody
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Fig.5 Measured track geometric irregularity
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Fig.6 Harmonic excitation input function
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Fig.7 Vehicle dynamics model
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Fig.10 Lateral acceleration response of carbody
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Fig.11 Lateral sperling index of carbody
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