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Research on Improved Active Disturbance Rejection Control for Maglev

System of Hybrid Excitation Flux Switching Linear Motor

LIU Jubo,

LAN Yipeng "

(School of Electrical Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: This paper investigated a hybrid excitation flux
switching linear magnetic suspension motor ( HEFSLMSM) ,
which is used in maglev trains. The extended state observer of
the original active disturbance rejection control ( ADRC)
algorithm, designed using the traditional fal function, often
leads to issues such as chattering, slow convergence speed
and excessive overshoot. To improve the performance of
suspension system, an improved ADRC strategy was
proposed. Based on the special principle and operation
mechanism of HEFSLMSM, the mathematical model of the
system was derived, including the motor excitation circuit
voltage equation, the magnetic suspension force equation and
motion equation. A new sfal function, which met the criteria
large error, small gain,

of “small error, large gain,

continuous  smoothness,  differentiability  everywhere,

symmetry at the origin,” was designed to replace the original
fal function. An improved ADRC simulation model was
established and compared with ADRC and proportional
integral devivative controllers through simulation experiments.
The simulation results showed that the HEFSLMSM maglev
system using the improved ADRC exhibited significant
advantages in dynamic performance, effectively suppressing
various uncertain disturbances and ensuring the system
stability and accuracy.

Key words:

hybrid excitation; flux switching; maglev

system; active disturbance rejection; parameter tuning
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At present, rotary motors and linear motors are
mainly used as traction systems in rail transportation.
In experiments and usage tests, it was found that
linear motor drive systems offer significant advantages
hybrid

excitation flux switching linear magnetic suspension

over rotary motor drive systems. The
motor ( HEFSLMSM ) magnetic levitation control
system can realize direct drive and frictionless feed,
effectively improving the steady-state and dynamic
performance of the servo system. Considering the
issue of uncertain disturbances in the operation of the
HEFSLMSM system, an improved active disturbance
rejection control ( ADRC) scheme is proposed.
First, based on the special structure and
working HEFSLMSM,  the
mathematical model of HEFSLMSM was derived,

including voltage equation of the excitation circuit,

mechanism of

magnetic levitation force equation and motion
equation. In order to improve the anti-disturbance
ability and tracking accuracy, a traditional ADRC
was designed, in which the external disturbance in

the levitation direction was regarded as the “ Total

disturbance” and the total disturbance was estimated
and compensated.

Since the extended state observer in traditional
ADRC was designed based on the traditional fal
function, it tended to produce issues such as
chattering, slow convergence speed, and excessive
overshoot. This paper proposed an sfal function based
on a sine function, which met the design principles of
“high gain for small errors, low gain for large errors,
continuous smoothness, differentiability everywhere,
and symmetry at the origin”.

Finally, multiple sets of simulation experiments
were designed in Matlab and compared with other
control methods. The results show that, for the
HEFSLMSM magnetic levitation control system,
compared with the traditional ADRC controller, the
improved ADRC controller designed with the sfal
function has faster convergence speed and lower
overshoot. Therefore, the improved ADRC based on
the sfal function demonstrates better anti-interference

capabilities in the HEFSLMSM magnetic levitation

control system.
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