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Robust Adaptive Control of Medium-
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Abstract:

maglev trains, we investigate the suspension control

In order to ensure the suspension stability of

problem of medium-low speed maglev vehicles under the
disturbances of nonlinear magnetic fields and track
irregularity in this paper. Firstly, the dynamic and static
magnetic field characteristics are analyzed based on the
finite element method, and a suspension force model
considering magnetic saturation and eddy current effects
is established. A mathematical model of a single

suspension unit is built on the basis of the suspension
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force model. Then, a robust adaptive control method is
proposed, which flexibly adjusts the control parameters
through the adaptive law in the framework of generalized
PI control. The Lyapunov method is used to prove that all
signals in the closed-loop system are ultimately uniformly
bounded. Finally, simulations under various operating
conditions are conducted on the whole vehicle dynamics
model to verify the effectiveness of the proposed control
method. It is shown that air gap tracking errors under the
robust adaptive control are both reduced by over 70%
under sine and random disturbances, and compared with
the traditional PID control, the maximum differences of
air gap tracking errors between the front and rear
suspension points of the same suspension module
decrease from 1.571 8 mm and 1.227 8§ mm to 0.195 2 mm
and 0.396 2 mm respectively under the condition of

vertical curves.

Keywords: maglev vehicle; magnetic saturation; eddy

current effect; robust adaptive control

TGP A G2 R LA oA fioh W75 /0N L ) e LA K.
R AN A 52 T . Bl GBI 47
BT R I s AT, B IP i H Rt 52 6%
HFZ A, X F2 2 T FE R X 8 A 2
B e EE 22 TR s Ikn . Hik, 8 iz
ﬁf‘ﬁﬁ?{%ﬁ%ﬁ% TR A

H Hi 38 R R Tk S5 AT R TT o i e ar
BVR NIRRT O TR R R T
TRz b, Wi S8 R 2K A R
BT v DA R0 oy BN B (A 3 T 24 H
TR, AR FRIF SIS BT T g
X — [, Ni S 3T BR o Fridk Sk
N T AR ) TR R R T R

> RAN S

=

5



H11M

TR R, A ST R AR LR I T IR B T 5 M 3 O 1777

PEA PR, A R T B S A g
Schmid 45 R WG F LR T 2% FERE AT A
RETIER, FEAE B SR bR T — PR T AR LR
BTG 42 ) 75 58, B e 1 B iF R GAEAT T A
PRGN BR TR ARSI, Sh AR
Y R B EIF IR, Yang 550 AT 5
BRTC 73 A W5 T R T TR A, IRt 1 —
B A5 A8 5 58 ARG AR T8 0T S T

BT PEH R G N B AN R S R G, X
TR AR L et SR ARG I B e 2
ULARRZ BIRZ 2 H B RTE . 1EB IR A i
W, K2 HWT 5 8N B F A 7 AL 2
JFT T T AR P i AR XL, (H RN -0
AR AE I P EA PR PERE AL . B RES
LA A AR il Sk A B P R G
TR o BRERAGE SR — Tty fi s JBE 2 )
B S , AR T G BRARSh . Sun &
SR FH A 1) pRESORH 22 I 245 o 22— RO D048 R N R
JEE A & P 45 58 TP T 4 ) 11 TS 00 2, A AT
P EPHR I RS e 7RI RGP TLRE
N T AR RSN N LB TE R GG B
Wang 55 B 17 SCHEAI-FR 73 (PT) LI A 4
IS T4, IR T 7 [ P i) 4% o] i PRI 2R 4
L RE S SRR A TERE

BUA AR RE AR L T A A A RS LG
BN B, AR S 2 A7 00T 2 th B2 A
JERRER IR . BEXTX — R, AR SCHR T —Fh %
JEZNZS S A WO 1 HL R AR I A e Al
B AE RS D72 AR s TN RLE AT
FAFRENE . 15, JENL T T ] 2 R
L5 PRSI FL RS IR 5 SR, BT T B LR
PEaS  TEAN T 2O R R S B T 00 T B v B P
RGN ARLNE U AL K SN AR Y
BN s R, g I B LS A TR A7 ] 45 0 H]
TR BN Sy iR AR A o M RE A B 4 B 2
O 4 75 T 2 IR T a4 il 4 P S

1 IR NER

BT T E i AR Z A B TR AR AN, &
RS R E A SR TR AL, BT A T L ik
FNEABIREE L E LoR . BAEIER 4
AR IBI AR, B 212k Pl 20— 2H F /N P74 o B
Tho HAANRTRAIH [ 2 4 SR IT NI % 4, AH

TR RS T Al A SRR Bl S B R ]
VUNE R 8179 Asekis R U B Al BT

PG
SHYE fc“;
CERT37S
Fe

1 BiFEE

Fig.1 Levitation model
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Fig.2 Comparison of electromagnetic force

between calculation results and FEA results
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Tab.2 Geometric parameters of dynamic model
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Tab.4 Index results under two working conditions
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