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摘要摘要摘要摘要： 

针对已有基于虚位移法的无轴承开关磁阻电机数学模型推导复杂的缺限，从麦克斯韦应力法角度出发，

建立了考虑电机磁饱和特性的数学模型。在大电流饱和状态下，该模型有效地描述了电机产生的径向悬

浮力和电磁转矩。利用有限元分析的方法验证了该模型的优良特性。试验结果显示利用该模型能够很好

地实现电机稳定悬浮，表明采用麦克斯韦应力法建模的正确性和可行性。该方法的应用为研究无轴承开

关磁阻电机电磁力分布提供了新的思路。 
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Mathematical Model of Bearingless Switched Reluctance Motors Based on 

Maxwell Stress Tensor Method 

CAO Xin, DENG Zhi-quan, YANG Gang, YANG Yan, WANG Xiao-lin 

Department of Electrical Engineering, College of Automation Engineering, Nanjing University of 

Aeronautics and Astronautics 

Abstract: 

In the light of complexity in derivation of the mathematical model of bearingless switched reluctance 

motors (BSRM) based on the virtual work method, the paper builds a mathematical model considering 

the characteristic of magnetic saturation with Maxwell stress tensor method. The model can depict radial 

force and electromagnetic torque generated in the motor more accurately in the region of magnetic 

saturation. The fine characteristics of this model are verified in finite element analysis method. The 

experimental results show that the motor can levitate steadily in this model. The adoption of Maxwell 

stress tensor method can find alternative means of analysis of electromagnetic force for BSRM. 

Keywords: bearingless switched reluctance motor   mathematical model   maxwell stress tensor 

method   virtual work method   
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