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Dynamic Modeling and Nonlinear Control
Research on Magnetic Suspension Systems of
Low-speed Maglev Train
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Abstract: The low-speed maglev train presented by National
Maglev Transportation Engineering R&D Center was regarded
as the research object. The design of magnetic suspension
control (MSC) system under disturbance, nonlinear and time
variant was discussed. Firstly, the nonlinear dynamic model
of the MSC system was derived and the simulation platform of
the MSC system was established. Next, the linear PD control
designed. The

performance depended on parameters and its robust is weak.

law was simulation results show its
An improved sliding mode controller is developed to improve
the robustness by utilizing exponential reaching law and

variable boundary layer. The Lyapunov method was employed
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to prove its stability. The sufficient simulations show that the
presented control method has good dynamic performance,
high control accuracy and strong robustness without
chattering. Finally, the experiment verified the effectiveness

of the improved sliding mode controller.

Key words: low-speed maglev train; sliding mode; variable
boundary layer; Lyapunov method; train experiment
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Fig.1 Configuration of the suspension system

2 BERREER

H:F Euler Lagrange IS BF RS R 3 12
i, Euler Lagrang (E-L) F K — R XX W0
T

AL ATD g g
K qiqs MQ: ARG n GBS AT AR
BT SGREERT 7, B « RAEEG T W RS S
8.V ARGHEE. E X HBEF A L=T—V.

ELzsh hBalEHhE R
d AL, L _ o ..o ..
&(a_ql _a_ql—Qz i=1,2, o (2

BRG] LR ¢ =20 (D g1 =20 (1),
g2 =1 () MIRER T R GBI RE AN EVBE 1] LIRS R

JT - %LM(xm(t))ifn(t) T %mmo .

[V =—mgxn(t)
hiAg B B BRI ARR N

L = 4 LuCan ()i (D) + gm0 + megza (1)

€y
A L (o () S FE R ER LR PB B A RUCRLUR L, 2R T
BFEEBR xm () B REER.



HEo5H

AR 4 AR TES) FBIE R GBI AR R AR L1 743

— Ho NanAm
Ly (xn () 22 (D) %)

BBERRNT X AN Q=1 M Q=
U (1) —in (DR,
. th E L R — AR T 7S

da A by T8
oL oL .
9 @
d oL. .
&(a—él) = mx () (6)
d,aL, aL _
dt(aql) 8(11 fd
- _ fa w0 ARNGE
Fn() = Tl g e
Zill
L
2 — O
an
§§-=:af%w — LuCan (8))in (2)
2 m
i % . EOAmN?nim ° %
dt(a{h) - 242 T+ L dt e
d,oL. aL _ .
435, " ag  Um T inkn
din, _ 220 (Dt 224inRy —l—l—mx

dt - ,UONgnAm IuoNtznAm Tm "

MANEZRGERE R v1 (D) =20 (1) 5 2 (1) =2 (D)
oy (O =in (@O, MHEEFRZFEHRREEEERER
A

Y () =1, (1)

: _ OAmNth % (t) z l

P (D= E‘ZZZ“[ngESJ +gt--fs .
. _y Wy | 2y (D) |

y3(t)_ yl(t) ,uoNtznAm

fﬁﬁmiﬁﬂﬂ ye = (yle 9y2e 9y3e>T: (Iref ’ O?“/;Iref)’r %‘H

e AR s, P o= — I BT S RS

1o NB AL
GIHT RN R AL AR A 4
21 () Y1 () — yie
2(1) = |z ()| = y2 () €
23 (2) 5 () — Ve

TE S v() =t () — e IR AR AR AR e, W]
BE5ROEFEUHRGERETBIFRIBR:

2 (D) =2; (1)
Qaeitz1 (N2 Dg
(zl (t) +Iref>2

2 iex i 25 (1)) 25
1 (21 (1) F 0

L2
(w(t) —z3 (DR

XS F gk A X LS — R IE L
M EERE RS SRR K (10 £RIEL A
Ayt SR R R R Bl R AL I A RS
— B P R SRIER M R GRS LB
H L — MR 2R 1 2R 5 BT DU 280 B AR DG IS B S5 )
FHASERY , (G 2R AR O R M S A SRR 2 Ak B
Z RIS

3 HEFART

R 7T R B UL R RAE, R E
AR E A 2 B,

éz =

ey Ly, (10)
kel (Dt xe) |

2 (Ot omg

5% GBS
i
X
R
BEFI%E —\ itk
BIERAMIR
—

2 AETFAIhRESEN
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