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Model-free control of a permanent magnet linear synchronous motor based on
a super-twisting sliding mode observer

SHEN Yanxia, LUO Changxi
(Engineering Research Center of Application Internet of Things Technology, Jiangnan University, Wuxi 214122, China)

Abstract: There is a problem of control performance deterioration of a permanent magnet linear synchronous motor
(PMLSM) when the parameters mismatch and external disturbances exist during operation. Thus a model-free control
strategy for a permanent magnet linear synchronous motor based on a super-twisting sliding mode observer is proposed.
From a mathematical model of PMLSM with parameter perturbation in the dq rotation coordinate system, a novel
ultra-local model corresponding to the motor is established to avoid parameter mismatch. Based on this model and
combined with sliding mode control, a model-free sliding mode speed controller is designed, and the stability of the
controller is analyzed using Lyapunov stability theory. To weaken the chattering of the traditional extended sliding mode
observer to the unknown part in the novel ultra-local model and improve the control accuracy, a super-twisting sliding
mode observer (STSMO) is designed. This realizes online identification and feedforward compensation of the unknown
part. Finally, simulation and hardware-in-the-loop experiment results comparing traditional sliding mode control,
model-free control algorithm based on traditional extended sliding mode observer and the proposed method have verified
that the proposed method can improve the dynamic response performance of a PMLSM control system and has strong
robustness.
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Fig. 1 Block diagram of the model-free sliding mode controller
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