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Research on Fuzzy Sliding Mode Control for Three-Track Electromagnetic

Levitation System

LIU Yi, LIU Guoqing” , JIU Fangheng, SHEN Hao
(School of Electrical Engineering, Southwest Jiaotong University, Chengdu 611756, China)

Abstract: To address the challenges posed by multiple
coupling points and high difficulty in controlling levitation in a
three-track electromagnetic levitation system arranged in a
triangular prism configuration, a fuzzy sliding mode control
method was proposed to achieve independent control of each
coupling point. Based on the specific structure of the three-
track electromagnetic levitation system, a decoupling analysis
of the rotational motion of the system model was conducted to
obtain control variables that could independently control the
rotational offset angle and the levitation air gap height. Fuzzy
input, output, and rules were established, and the fuzzy
control variables were integrated with system errors for sliding
mode control, enabling the system “s levitation error to
converge rapidly to zero. To verify the effectiveness of the
fuzzy sliding mode controller in controlling the system “s
levitation, both simulation and experimental models were
developed. The results showed that compared to traditional
control methods, the fuzzy sliding mode control had a faster
response, stronger anti-interference ability, and was
beneficial for vibration control during the levitation process.

Key words: magnetic levitation system; fuzzy sliding mode
control ; levitation control; response speed; anti-interference
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Fig.1 Diagram of three-track electromagnetic

levitation system
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Fig.3 Block diagram of fuzzy sliding mode levitation control system

S €1 0~Ca2 0~C 0 ézpu) N éd)LO N é170 5390 H Cp1 ~
Canp €.\l € e, HIPIE,
& SUIRFS 1 S BT 125 FE 1Y Lyapunov PRECH

1
Vir = ?Szzi)]
1 2
Vir = ?Sq)z (13)
1
V. =—s’
2
X VF B 2 B Lyapunov BREL VZ JEIt.
. . 1
Vz :sz .‘éz :Sz|:m3 .éz _Fz(t) -G +E1(t)j|(14)
m

A,
ﬁqj:E1(t>: _g_go
R
K(1) = max( [E(0) ) +mm > 0 (15)
W (15) Il rhoAN B e BE L 3t
BRI ¢, o, .oy IEEHIE N

J. .. ) .
€ :LXCOS¢1[¢)I +meg —Fq (1) +
Ky (t)sat(sq) ]
C = Lycésdb[@z tmyeq —Fg(1) +

Ky (1) sat(sq,) ]
ey =mlmye, —F.(t) +Ksat(s))]  (16)
2 s sar ARATRREL, LI/ R G BHR
EEXT (16) il ¢, e, vey RTRIAHHE
PE LA Ky Ky, K., 30 3RO 4 ] 8 X A1
TR, AR W B 77 7E 25 ss<0, AT LA
W ASTR 2 i ) B A E SUA

=s_ s

2 =Sg1 “San (17)
Ph £y R 6 T ASOR 45 ] 4% B0 F A £y, AT R
E U AL .
(1) s £, <0, W K, N iZi/)
(2) WS £, >0, 0 K, NiizdE K,
RO i A an ASTRIAE f, T LU SR
f, = {PB PS Z NS NB} (18)
TROR 4 i A R ST AR AK, AT DA SR
AK, = {PB PS Z NS NB} (19)
R PB HIEI K PS NIE[ /N Z S ZERO; NS
NI I NB A SR
BRI T P A SR T B2 eR BN 1 4 s, A
R4 ] e o SR B pR AN 5 R

1Lo/NB NS zZ PS PB

0.8

N 0.6
[EE

w 0.4
02

0.0
-15 -10 -5 0 5 10 15
BRI
B4 EHEGHAANREERY
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The

system based on fuzzy sliding mode control can

three-track electromagnetic levitation

achieve independent control of each coupling point,
providing superior response speed, anti-interference
This study

conducts an in-depth analysis of the rotational motion

ability, and greater levitation force.
of the system model based on the specific structure of
the three-track electromagnetic levitation system. By
decoupling, the two key control variables, namely
the rotational offset angle and the levitation air gap
height, are separated, thereby enabling independent
control.

Specifically, the structure and movement
of the
levitation system were comprehensively analyzed,

both  the

equations  was

mechanism three-track  electromagnetic

and a system model including

electromagnetic  and  dynamic
established. Considering the potential uncertainties
introduced by the simplifications in the system
model, the control variables related to the levitation
air gap and offset angle were further determined. The

fuzzy control variables were compared with the system

S4

errors, and the sliding mode surface and control rate
were defined. Based on the sliding mode control “s
existence condition, the rule base and membership
functions for fuzzy control were set. The principle of
sliding mode control was utilized to ensure that the
These

measures successfully achieved levitation control and

levitation error rapidly converged to zero.

suppressed potential chattering

The

provided new ideas and methods for the control of

effectively

phenomenon. research findings not only

three-track electromagnetic levitation system but also

offered valuable references for solving control

problems in other similar complex systems.
To verify the effectiveness of the fuzzy sliding
both

were

mode controller in practical applications,

simulation ~ and  experimental  models
constructed. The experimental results showed that,
compared to traditional methods, the fuzzy sliding
mode control exhibited faster response and stronger
anti-interference ability. Particularly in terms of
vibration control during the levitation process, the

method demonstrated significant advantages.
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