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Analytical Modeling and Cogging Torque Weakening of
Permanent Magnet In-Wheel Motor for Electric Vehicles

YANG Jinge', DENG Zhaoxiang®®, ZHOU Yi', ZHANG Heshan’, TAN Tao’

(1. College of Mechanical Engineering, Chongqing University, Chongqing 400044, China;
2. State Key Laboratory of Mechanical Transmission, Chongqing University, Chongqing 400044, China;

3. School of Automotive Engineering, Chongqing University, Chongging 400044, China)

Abstract: To improve the efficiency of design and optimization of permanent magnet motors and
avoid lengthy finite element modeling and computing time, an analytical model of surface-
mounted permanent magnet motor with auxiliary slots is built. The Laplace equations or Poisson
equations are established in each subdomain with the vector magnetic bit as a function in the two-
dimensional polar coordinates, and the vector magnetic bit expression of each subdomain is solved
according to the separation variable method. The relevant harmonic coefficients are obtained
using the boundary conditions of each subdomain. The air gap flux density, cogging torque, flux
linkage and back-electromotive force (EMF) of the model are deduced under no-load condition,
then the air gap flux density, cogging torque, flux linkage and EMF of a 32-pole-48-slot external
rotor in-wheel permanent magnet motor used for electric vehicles are calculated under no-load
condition. The accuracy and validity of the analytical model are verified by finite element method
and cogging torque experiment. In addition, the cogging torque of the in-wheel motor is
optimized on the basis of this analytical model, and is consequently reduced by 37. 2%.
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