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Fuzzy Super-Twisting Sliding Mode Control of Magnetic Levitation System

of Flux Switching Linear Motor

LIU Xiaojie *

, LAN Yipeng

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

Abstract: [ Objective ] The flux switching linear motor
(FSLM) magnetic levitation system is a nonlinear, strongly
coupled, parameter time-varying system. Due to the lack of
an intermediate transmission device in the FSLM, combined
with external disturbances and the inherent end effects of the
linear motor, controlling the magnetic levitation system

becomes more challenging. To improve the control

performance of the magnetic levitation system, an interval
sliding mode control ( IT-
[ Methods ] Firstly, the

type-2 fuzzy super-twisting
2FSTSMC) strategy is proposed.
mathematical model of the magnetic levitation system was
established according to the structural characteristics and
operating principle of FSLM. A nonlinear coordinate
transformation was applied to derive an affine nonlinear
mathematical model of the FSLM magnetic levitation system.
Secondly, a new integral sliding mode surface was designed,
which could adaptively regulate the convergence rate of the
state variables, thereby improving the system’ s response
performance. The super-twisting algorithm was used to reduce
chattering in conventional sliding mode control, resulting in
faster convergence. Thirdly, in order to further suppress
chattering and enhance the system’ s robustness against
uncertainty disturbances, a super-twisting sliding mode
switching gain was rectified by using an interval type-2 fuzzy
system. Finally, simulations were conducted to compare the
IT-2FSTSMC  strategy with the super-twisting sliding mode
control ( STSMC) and interval type-1 fuzzy super-twisting
sliding mode control (IT-1FSTSMC ) strategies. [ Results]
Simulation results showed that the IT-2FSTSMC strategy
significantly outperformed the STSMC and IT-1FSTSMC
strategies. Specifically, the adjustment time during no-load

startup was reduced by 63.5% and 55.7% , respectively.

When a sudden load was applied, the system’ s magnetic
levitation height dynamic drop was reduced by 39.3% and
15% , with a shorter recovery time. When subjected to
uncertainty disturbances, the IT-2FSTSMC showed stronger
robustness, effectively weakening the chattering in sliding
mode control and improving both the system’ s stability and
dynamic performance.  Additionally, the IT-2FSTSMC
outperformed the other two control strategies in suppressing
the end effect. [ Conclusion] The IT-2FSTSMC strategy
designed in this paper significantly improves the performance
of the FSLLM magnetic levitation system, meeting the control
requirements effectively.

Key words: flux switching linear motor; magnetic levitation
system; super-twisting sliding mode control; interval type-2
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