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永磁直线同步电机的固定边界层滑模控制

张希，陈宗祥，潘俊民，王杰

上海交通大学电气工程系

摘要： 为了解决永磁直线同步电机(permanent magnet linear synchronous motor，PMLSM)运行过程中对系

统参数扰动及端部效应等不确定因素敏感的问题，提出了一种PMLSM的非线性鲁棒控制方法。利用反馈线性化的

思想，对PMLSM数学模型进行变换得到包含不确定因素的准线性化且解耦的模型。采用msat函数的思想方法，设

计了固定边界层滑模控制器，确保系统鲁棒性。同时给出了力观测器的设计方法估计新模型中未知的负载力。不需

要知道系统参数的精确数值，通过确定其范围就可以使控制器得到良好的鲁棒性。仿真与实验结果均验证了文中所

提出方法的正确性和控制策略的有效性。
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Fixed Boundary Layer Sliding Mode Control of Permanent Magnet Linear 
Synchronous Motor

ZHANG Xi, CHEN Zong-xiang, PAN Jun-min, WANG Jie 

Department of Electrical Engineering, Shanghai Jiao Tong University 

Abstract: The permanent magnet linear synchronous motor(PMLSM) is sensitive to various disturbances 
such as the load disturbances, parameter perturbations, end effect and so on. A new nonlinear robust 
scheme of PMLSM is proposed to overcome this trouble. A quasi-linearized and decoupled model with 
uncertainties is derived from the mathematical model of the PMLSM by using the conception of feedback 
linearization. A fixed-boundary-layer sliding mode controller using the msat function is designed to 
guarantee the robustness. Design of a force observer is given to estimate the load force unknown in the 
new model. The robustness of the controller can be obtained by using the parameters’ boundaries 

without the precise values. Both the simulation and experimental results demonstrate that the approach 
proposed in this paper is correct and the controlling strategy designed is effective.

Keywords: permanent magnet linear synchronous motor   feedback linearization   fixed-
boundary-layer sliding mode controller   msat function   force observer   
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