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Fig. 8 Dynamic response curve of levitation gap based
on ADRC (L =24.768 m, v = 600 km/h)
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Table 3 Control effect comparison of levitation gap errors mm
LB 100 km/h 200 km/h 300 km/h 400 km/h 500 km/h 600 km/h 660 km/h
L=24m 0.53 0.99 1.48 1.90 2.36 2.77 3.01
a=1 mm L=48 m 0.26 0.52 0.75 0.99 1.23 1.44 1.52
L=72 m 0.22 0.33 0.50 0.69 0.76 0.95 1.02
LQR
a=1 mm 0.51 1.21 1.49 2.01 2.30 2.67 2.85
L=24 mm a=2 mm 0.83 1.50 2.33 2.89 3.45 3.98 4.12
a=3 mm 1.66 2.35 3.30 4.18 5.06 5.79 5.90
L=24m 0.04 0.08 0.12 0.17 0.23 0.31 0.37
a=1 mm L=48 m 0.03 0.04 0.06 0.08 0.11 0.15 0.18
L=72m 0.02 0.03 0.04 0.05 0.07 0.10 0.12
ADRC
a=1 mm 0.07 0.13 0.19 0.23 0.28 0.31 0.32
L=24 mm a=2 mm 0.08 0.15 0.22 0.29 0.33 0.39 0.42
a=3 mm 0.17 0.20 0.28 0.35 0.41 0.49 0.52
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Levitation control method for high-speed maglev trains

considering periodic track irregularities
LI Zikang', WANG Zhiqgiang"*°, LI Xiaolong"”*, LONG Zhigiang" >’

( 1. College of Intelligence Science and Technology, National University of Defense Technology, Changsha, Hunan 410073, China;
2. Hunan Provincial Key Laboratory of Electromagnetic Levitation and Propulsion Technology, Changsha, Hunan 410073, China;
3. Engineering Research Center of Railway Industry on High-speed Maglev Technology and Equipment,

Qingdao, Shandong 266111, China )

Abstract: As an external excitation for high-speed maglev trains (HMT), track irregularity is a critical factor degrading stability of
their levitation control systems. Adjacent electromagnets jointly provide supporting force via the levitation frame, and these lap-joint
structures constitute the minimum levitation units of HMTs. This paper aims at improving robustness and tracking performance of these
lap-joint levitation systems. To this end, relevant optimization algorithms were studied and a lap-joint levitation system model was estab-
lished, which incorporates periodic track irregularities. A nominal controller was designed based on a fast current loop and linear quadrat-
ic regulator (LQR), and the influence of train speed, track beam deflection and span on the levitation system were analyzed. To address
deficiencies in the nominal controller, an optimized control strategy based on active disturbance rejection control (ADRC) was devel-
oped. Controller parameters were configured using a bandwidth method, and the stability of the resulting closed-loop system was verified
via the singular perturbation theory and Lyapunov theorem. Simulation results indicate that the proposed ADRC-based controller exhibits
excellent tracking performance across the full speed range and under complex track conditions, providing an engineering reference for
anti-disturbance control design and robustness improvement for HMT s levitation systems.

Keywords: high-speed maglev train; lap-joint levitation system; track irregularity; linear quadratic regulator; active disturbance

rejection control
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