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Study on Smith Predictive Linear Active Disturbance Rejection Control of

the Electromagnetic Levitation System with Time Delays "
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Abstract Time delays (TDs) in the active electromagnetic levitation system significantly affect the run-
ning stability and ride comfort of Maglev trains, so it is a critical issue for the technical reform of the
speed-up electromagnetically suspended Maglev trains. In this paper, a Smith predictor is employed to
compensate for the TD in the electromagnetic levitation system. Simultaneously, a linear active disturb-
ance rejection controller (LADRC) is introduced to estimate and compensate for the errors between the
predicted TD and actual TDs as internal disturbances. In this way, we developed a Smith-LADRC levita-
tion controller with the time-delay compensation and active disturbance rejection capabilities. Subse-
quently, vertical dynamic response of maglev vehicles adopting respectively PID, LADRC, Smith-PID,
and Smith-LADRC control algorithm are simulated, and the TD thresholds for stable levitation are com-
pared. The results confirm that the Smith-LADRC levitation controller exhibits the stronger time-delay
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compensation and anti-disturbance capabilities. Finally, the influence of Smith-LADRC controller pa-
rameters on dynamic performances of maglev vehicle is investigated. By balancing the TD stability mar-

gin and the fluctuation amplitude of levitation gap, optimal ranges for the controller bandwidth, the ob-

server bandwidth and the controller gain of LADRC are presented.
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Table 1 Parameter values of the single point levitation system
Parameter Symbol Value
Rated levitation gap Zq 8mm
Rated current 7, 25A
Number of coils N 360
Effective area of the magnetic poles S 0.024m”

1.2 BB R WERE F 3R A

2D A AL I 7 R /N5 8 7 T B R T R
BU T8 DR TF 0 L R I R G A e E Y T AR
SR  NNS  ER v SN A S e
B il FL R 7 R/ D2 AR R G R Y S I T
M B SR FARAS R HEAT R st s ol B6F  FL G AR
PR JR 5 | 1 L O B AR B TR VR o R S
PR B HE B DRt — R FH R g o) R AR B T
P il 28 G0 o0 ik A fRL B RN B R AN F R G AT
BV g A I B AT A £ P A 3 PR R G
DA NISE TN WA TR S VAR N I RS R
T EAE— LB Ry

Bl 2 25 T B B R B TR i R G T HE L. A
S PR TR A7 R — R I PIDR i 53k, Hod



TR B

2024 45 22 %

Electric current loop

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Position loop

Bl 2 XU R g i R e U HE IR

Fig. 2 Block diagram of double loop cascade control system
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Table 2 Parameter values of vertical dynamic model of
maglev vehicle
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Parameter Symbol Value
Mass of the carriage m, 21 500kg
Mass of the levitation bogie my 2000kg
Pitching moment of inertia of the carriage J. 71 375kg- m?
Pitching moment of inertia of the levi-
. & . J¢ 1800kg - m”
tation bogie
Stiffness of the air spring K, 100kN/m
Damping of the air spring C,, 5000N-s/m
*x3 BEEHSBESHE
Table 3 Parameter values of the levitation controllers
Controller unit Parameter Symbol  Value
Current loop Proportional coefficient K, 300
Proportional coefficient K, 6000
PID Integral coefficient K; 1000
Differential coefficient K, 70
Controller bandwidth w, 170rad/s
LADRC Observer bandwidth w, 12 000rad/s
Controller gain by 2.5
Smith predictor  Predicted time delay [ 6ms
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a Smith predictor under different time delays
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