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Abstract: An improved subdomain analytical method is proposed to solve the problem that tradi-
tional subdomain analytical methods have a high dimension of the coefficient matrix and complex
calculation process in the calculation of magnetic field of surface-mounted permanent magnet ver-
nier machines (SPMVMs) rich in airgap harmonic magnetic fields. The proposed method trans-
forms the Laplace equation or Poisson equation of the vector magnetic potential of each subdomain
in the two-dimensional polar coordinate system into the equation form in the quasi-Cartesian coor-
dinate system through coordinate transformation and uses the separation variable method to ob-

tain the general solution of the vector magnetic potential equation of each subdomain. According
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to the boundary conditions, the undetermined coefficients are calculated and the analytical solu-
tions of each vector magnetic potential are expressed in the form of hyperbolic functions. Finally,
the no-load back-EMF, airgap magnetic density, and electromagnetic torque are calculated and
compared with those obtained using the traditional subdomain analytical method and finite ele-
ment method (FEM). The results show that the relative error is less than 1% between the im-
proved subdomain analytical method and the FEM. Compared with the traditional subdomain ana-
lytical method, the calculation accuracy of no-load back EMF, airgap magnetic density, and elec-
tromagnetic torque is improved by 1. 7%, 0.87%, and 3. 66 % respectively. The calculated wave-

forms of the no-load back-EMF for the experimental prototype are consistent with the measured

waveforms, which verify the effectiveness and feasibility of the proposed analytical method.

Keywords:

surface-mounted permanent magnet vernier motor; subdomain analytical model;

hyperbolic function; the separation variable method; quasi-Cartesian coordinates system;

finite element method
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