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Research on Dynamic Response of High-speed
Maglev Train Track Irregularity Based on UM
Simulation Software

WANG Shuhong, GAO Feng, GAO Dinggang, DU
Zhiyong, DONG Dashan

Abstract  Considering track irregularity factor, a track
irregularity dynamic research strategy based on UM simulation
software for high-speed maglev train is proposed. Firstly, the
range of irregularity change amplitude and the increase amount
at the left and right measuring points are measured under real
working condition with the maglev train of running speed at
300 km/h and 430 km/h. Then, the track irregularity spectrum
is imported into UM. Through an established high-speed

maglev train model, the feasibility of high-speed maglev train
running on this line is simulated based on UM. Finally, the
irregularity condition is extended to the current standard
maximum amplitude (-4.3 mm, +3.8 mm). The simulation
analysis shows that the high-speed maglev train can still run
safely when the running speed is 430 km/h and 500 km/h. At
a running speed of 600 km/h, the high-speed maglev train can
run safely when irregularity amplitude is increased to be 1.1
and 1. 2 times of the original value. When irregularity
amplitude is increased to be 1. 3 times, the maximum
suspension gap value will exceed the lower limit by 18 mm,
which causes the high-speed maglev train failing to run safely.
Key words  high-speed maglev train; track irregularity;
dynamic response

First-author’s address
Co., Ltd., 201112, Shanghai, China

Shanghai Composites Technology

BUEAFITUE S 4% 31 (4 32 2P0, X5 51 4=
022 A RRUE 1R 0 3fe 7 i T R LA H BRI
B s A7 IR S (AT e B 0 1 7 RN 1 Bl 2
ROV WA, h 5 | e B 8 4R Sl 00t B ™
o [HI, A0 R S TR 5 4 A BB AN S I
HATIRAIIE

BUE A RS B BB TR 22 | R AR 22
R TTL A 257 A 3R 2 5 BUHUAE S 1 T[] A, 32 T ) 1
PRI A BT RGN RE P A AR R o SCHR L 1] T4
BT T HUE AT T P 8 1R BE 15 i, i i 4
H A UUAL T LA ® 40, HR ) PP (B RIHT) 45
WAL AT AR A AL, HEMTHERR 40, o4 T 1

# [/ R B E WP AR H (2016 YBF1200602 ) 5 % 97 58 it 7% 40 7 Su 48 )0 1 49 B i S 90 25 00 H (2018 TP1035 ) 5 i /e 49 B 43 8 37 3 Jal 1t

(2018GK1010)
s SBARVER

- 69 -



JE R BRIR Sl , SCER[ 2 ] 2 F FE I oo fE 2, 4
b B & R S O . AR SEPRIs AT, BETE
RGMIFE R T 32 BB AT 52 0 A1, i 25
8 IR A AN B P AN [ T 2 Bt AN (] 7 sl A e o
SCHRE3 T HEH T — Pl T e ORGP 32 1 7 14 00 £
BRI SCHR[ 4] 52t —Fh B TAZ IR 2R 0
MIPEACHESE I T HOHE BE AR AS 1 A [ 5 T 19 d
FEAL AR B, A RN T A 1 T ) B %) v 25 s
JE RS, N HE & T iR RGN s A PR
SCHRLS T4t —FhHE T 1 3 O 10 5 i 10 ) R i 158
e, SEPL T B (H) 5 7 0 AR

UM ( Universal Machanism ) {5 B {4 2 fy i %
WA B [ 57 KA R Wit R 2K R S8 1%
YA, B N TR TR B0E R e XA
% BT AL S R AL AR N SR AR, AR Sk
Vg SR 7 ) A AR 3 ok 4 ) R T T 1) B
R, T UM 7 B O S5 K e 1 G 77
POV IE HEA T 20 1 4405 B, D98 HAE A [a) 3
DL RS T , % 2 )iz 3l PRt iy 52 . AR
SCHFSE AT Ay I 8 G 7 s A IR B B AL A

1 SEEZIEDNFEE

o RIS A R AR AN 1 TR
N 2 R

B

o
TS LR

BT LB
BT BEITH 80T RS

Fig.1 Maglev train suspension system structure
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Fig. 2 Installation clearance of stator core
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Tab.1 Position deviation and dislocation

A SV RPN/ mm L
MR TR e pgsny s 2 e/mm
X 2.0
psmalii] Y 2.0
z 0.4 0.6
i X +1.5/-5.0
Fm Y 0.4 1.0 1.0
m z 10.0
X
T
gom 16.0
z 0.2 0.6

TESCBRR R, 20 L=24 m, [A]A25 1k 4 de
FEEE, W Z J7 AR A (—4.3 mm,+3.8 mm) .
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Tab.2 Statistics of the measured suspension gap

e i e A s
e M 7.380 15.350 8.600170
H3300 km/h g 7.000 15.310 8.60076710
Emme M 6.930 16.560 9.100771%
Jp 430 kb g 7.130 15.570 9.100*5:470
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Fig.3 Irregularity spectrum of a long stator maglev induction
surface
12F m AT AT A
o 11 \Z- G B be s ‘5
g10 | ‘
@ 9 ‘ \ il
= 8 | 4
g 7 ‘
4 6 om /e LR A
5 om /L UG BIF
0O 1 2 3 4 5 6 7 8 9 10 11 12
5T /s
u a) IZ1T 18 9 300 km/h
13} omZEPHTEF A om APUTEE A
Eif emAUn Kgd  om AR B
! ;
1 | ! I

4
i ] /s
b) B AT 430 km/h
B4 AR ATHEET 5 E] B ) A 4]
Fig. 4  Time-history diagram of suspension clearance at

different running speeds
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Tab. 3  Statistics of simulation suspension clearance at
running speeds of 300 km/h and 430 km/h

T W B[R] B BFAR B

] S RUME/mm R R/ mm JEFER/ mm
+3.640
e M 5.160 12.240 8.600%350

A 300 km/h .

H Mg 4.550 11.850 8.60073 220
ey M 5.200 13.560 9.1007% 55
HB0kmh 5.930 13.560 9.100*44%0
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Tab. 4  Statistics of simulation suspension clearance at

running speeds of 500 km/h and 600 km/h

ST R ) LU
f/ME/mm i K{E/mm J3h{EFl/mm

i M 5.770 14.500 9.50073%%

H500 km/h 6.170 13.680 9.500"33%

——1 5.620 16.360 10.000°$3%

Jy 600 km/h g 5.580 15.870 10.000*3370
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Fig. 5 Amplitude diagram of left rail clearance at running
speeds of 500 km/h and 600 km/h
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Tab.5 Amplitude of amplified irregularity spectrum
AN (LY ./ mm

HORAT v o
1.0 (-3.110, +2.820) (-2.700, +2.660)
1.1 (-3.421, +3.102) (-2.970, +2.926)
1.2 (-3.732, +3.384) (-3.240, +3.192)
1.3 (—4.043, +3.666) (-3.510, +3.458)

AR 6~ 8, HETE S 2 M8 17 U 43 5
430 km/h 500 km/h F1 600 km/h B, A= I i {8 ik
KI5 T ) B R (A2 Ak an 18 6 R, Il 6 W]
A1, HAE AT R 430 km/h AT 500 km/h A E
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Tab. 6 Statistics of suspension clearance after

amplification of irregularity amplitude at

running speed of 430 km/h

BE gy BEER SREEREER
iy = f/MA/mm KA/ mm 3% 305 [l mm

M, 4.840 13.910 9.10074519

L1 My 5.620 13.940 9.10073 30

M, 4.490 14.260 9.10073.%

12 M, 5.400 14.320 9.100%3%

M, 4.140 14.620 9.100735%

13 My 5.000 14.700 9.10073%%

R7T YHIZITIHEEA 500 km/h FEAEIRIEEBEXERE
FE RS HE

Tab. 7 Statistics of suspension clearance after
amplification of irregularity amplitude at
running speed of 500 km/h

K g TR BT BIFER
£ P UME/mm K {H/mm b/ mm
o M, 5.560 14.990 9.500"3 500

My 5.950 14.040 9.50075 3%
- M, 5.350 15.490 9.500*37%
Mg 5.730 14.380 9.500735%
i M, 5.170 16.000 9.500753%
Mg 5.560 14.630 9.500"3 530

*8 HIE{TIEEA 600 km/h Bt H) R EIFIBEM K EHE
FEBRGITE

Tab. 8 Statistics  of

amplification of irregularity amplitude at

running speed of 600 km/h
ST BT AT
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1% f/ME/mm g KAE/mm P35/ mm
O M, 5.540 16.890 10.00075:5%
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L M, 5.230 17.380 10.000733%
My 5.220 16.710 10.00075740
M, 5.140 18.030 10.000:%930
3 Mg 4.910 17.190 10.000" 2500

3K A 2SS S {184 A 22 1.3 AR5 AT 1] it e {2 ) de
KAEZHE TR 18 mm, A 2 & iafi 2R,
T TR S ZEFE L 600 km/h (1432 47 8 42 4
AT, T AR A AR SR ) 1.2 A5 LA, B
(-3.732 mm,+3.384 mm) ,

WO N B
— T

00 350 400 450 500 550 600

R /(km/h)
K6 izfrifE A 430 km/h 500 km/h F1 600 km/h B} A3
IR (EL A i s 1] it
Fig. 6 Suspension clearance after amplification of irregularity
amplitudes at running speed of 430 km/h, 500 km/h,
and 600 km/h
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