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Fig.1 Spoke-type permanent magnet synchronous
machine magnetic bridge saturation phenomenon
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Fig.2 Equivalent model of magnetic bridge
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Fig.3 Flow chart of equivalent air gap method
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machine model in this paper
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Fig.5 Current density function of stator windings
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Table 1 Main parameters of prototype machines
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Analytical modeling of armature magnetic field in spoke-type permanent magnet

machine considering saturation of magnetic bridge
CHEN Zhenfei', LI Jiayu', FAN Chenyang', LI Zhixin®, WANG Qingyan’
(1. College of Energy and Electrical Engineering, Hohai University , Nanjing 211100, China;
2. State Grid Jiangsu Electric Power Co.,Ltd. Marketing Service Center,Nanjing 210019, China;

3. School of Mechanical and Electrical Engineering, Jinling Institute of Technology, Nanjing 211112, China)
Abstract : In order to solve the accurate calculation problem of spoke-type permanent magnet machines with multi-layer winding
structure in the magnetic field,based on the two-dimensional subdomain analytical modeling idea,a magnetic density analytical
calculation method considering the saturation effect at the rotor magnetic bridge and stator multi-layer winding structure is
proposed. In this method, the magnetic vector potential calculation of multi-layer armature winding can be calculated by
subdomain division in the stator slot. Then,the saturation effect at the spoke-type rotor core magnetic bridge is equivalent by
using an equivalent air gap. To ensure the accuracy of calculation, the error check and cyclic iteration are applied in this
method. The key contribution of this method is effectively solving the interior permanent magnet machines’ magnetic field
calculation problem in the traditional subdomain modeling method due to the inability to consider the finite magnetic
permeability of the core. Taking 8-pole 9-slot and 10-pole 12-slot permanent magnet machines as examples, finite element
models with different winding structures are built to validate the validity of the proposed method. The results show that the
analytical method achieves a reduction in the computation time while maintaining the calculation accuracy.
Keywords : spoke-type permanent magnet machine ; subdomain analytical calculation; magnetic bridge ; magnetic saturation;

multi-layer winding;finite-element method
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