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Small-scale similarity model of maglev-guideway coupling vibration

WANG Hui, SHEN Gang
(Institute of Railway and Urban Mass Transit, Tongji University, Shanghai 201804, China)

Abstract: Simplified as a model composed of single magnet and Bernoulli-Euler beam, the maglev-
guideway coupling vibration system with 5-state-variable feedback controller was designed to
study the dynamics performances of the system in the time and frequency domain. A small-scale
model of single magnet-guideway coupling vibration system was established based on the
similarity theory, its similarity performances were studied, and the similarity relationship of the
dynamics systems was analyzed. Study result shows that the maglev control method, calculating
the controller output with the vibration informations of guideway’s low order mode and magnet,
is effective and can keep the system stable. The step response of the system indicates that the
developed controller can stabilize the system in 0. 27 s with the overshot 2%. The first 3 order
modes can be used to accurately describe the dynamics characteristics of coupling vibration
system. For analyzing the lower frequency characteristics of the system, the first 1 order mode is
sufficient when the large difference among the lower frequencies exists. The small-scale model
obtained according to the similarity theory is coincident with the original model in the dynamics
performances. 3 tabs, 15 figs, 15 refs.
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Fig. 1 Vehicle-guideway coupling vibration model
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Fig. 2 Closed-loop maglev levitation system
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Tab.1 Parameters of vehicle-guideway coupling vibration model
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Fig. 3 Levitation gaps
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Fig.4 Accelerations of electromagnet
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Fig.5 Displacements of guideway
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Fig. 6 Accelerations of guideway
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Fig. 7 Frequency domain responses of levitation gap
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Fig. 8 Frequency domain responses of electromagnet acceleration
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Fig. 9 Frequency domain responses of guideway displacement
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Fig. 10 Frequency domain responses of guideway acceleration
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Fig. 11 Simplified vehicle-guideway coupling vibration model

4.2 HEKRSHERRBEMNEMXER
TESERUR I R G BUE 25 o Bk TR K

TESCH % S X RO B A IR M . oy T RS 5

i B 55 LT SR A R 5 IR Bl ) BUR B o 4 T R L AR



o4 X @ Z W T B F ik 2014 4
x2 FUBEARIRZENERSH . IIVc'l
Tab. 2 Equivalent parameters of vehicle-guideway v= IR + LI — d;l (19)
coupling vibration model ﬂﬁ‘?’ ‘
Bt o B o A, = Ade = MAL = XA A A (20)
- 2.16X10 (N 5o m1) 6.51X10° i s . AT “
it/ ke st K Ivdy 700 N R E RS & T IR S B
B R/ ) iy 7] B

it wui/ esior | EEERETR/ . [ B ) B ‘
N-m b ke P T TP 952 o e o T R R TR R A
AT AT N H BRI AT L. AE RS /N BN 10 mm a8 mm) . R AT DL E )R A
FE AR 56 £ ML BE I AR E N LB R G SR R G gl Sy ANERLN AR SO R A BEHT S R GE R E I Y B

SFERFPEAR TR O I o A SCHE T AR AL B8 23 ) X R
B VB B B 3l g AR S e R T AT T AR LA B
FHARLAL B T8 52 1 A 00 R 5 e AN L AT
PRAIE T BUIE 52 09 P 3l 1 1 A 74 5 AR (DL AL 2 AT ) F
B BUIE B BT (RER50 AN AZ S DT A £ /) L 151
Y H L TE L B H AR BT R P A LS W
SPRE AR . /N FE R 65 v A% 32 B S RO
ARUTE SRR CEA TR e 1228 /) He AR o X
IO T It AR AR ) AR B 2 50

ke [k
my, m,
c c

e e (15)
m. _ my
my, m;

R A, = M/ P B B B A AL B B AR

B0 e 515 AT RLAS B Bl 22 i W EE 5 BE e 1Y

R BI REL A, A A SF T A,
4.3 BEAOMBELXE

TE/N LI RERL v oy T R G B AR RS /N L WL )
SR AN B . T R B B4 =0,
0 2 (8) 75

dg_TZiiPlRl'] PlRlvgiRdzl'zipz'U
d® m,L + m,L L d¢ m2L(16)

B T BRIA A o IO 4 34 A AR AU L ) R
4 MBI AL F T B i) RO RS A8 B B ] £ A 81 B
BIZRE A =1, X (16) 15

PV V0 S Vv SR YO0 0 U Vi Wi

2

ARAL A, = A A AL A, a7
H = 7)1
AP1 - /1,,12
AR = AL (18
1/\"1 - A*z

(e B P 2 7P i L T 5 L I 2 TR G 2R

i B AR RS B A, — L AR B X

A=A, =2, =4 =1 21)
EENOYANCADEIRE:

Ao, = A A (22)

F L HE TN L R R R G A X N

FEHEAR L) L 136 2 9 1L v B 4 AL L 9 %
A, 12 P L BELAR 6L HE 0 3R B A, 0 R
A, =X =X =2p =4,

SAp, = A, Ag
L{LAR
4.4 pEEBIRESRER R L
TE /N B B 50 6 5 I o 8 B 5 o 1 RN
TR E B R YA E I T it B G RN B g T
T 5 A W) AT S B, PR AR B B 451 2R KO0 AR
Pl g 2R e B P . ARG 1.2 R Bl UM B
B R EL A, =2/750.2, =1 15 BN Ho ] 3G 4 2
USRS S 3.
R3 MEHIEESH

Tab.3 Parameters of small-scale model
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Fig. 12 Frequency domain response comparison of levitation gaps
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