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Analytical Modeling and Research of Three-Segment Halbach
Array Permanent Magnet Motor
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Abstract: This paper proposes a multi-layer analytical model of a three-segment Halbach array
permanent magnet motor that considers the specific value of the permeability of soft magnetic ma-
terial. The subdomain model has the defect that the permeability of soft magnetic materials cannot be
considered when analyzing the electromagnetic performance of the motor. This is a major challenge that
the proposed model aims to address. The full domain of the permanent magnet motor is divided into four
types of magnetic field solution layers; Halbach array permanent magnet layer, air gap layer, stator
tooth tip layer, and armature winding layer, based on different excitation sources and mediums. The dis-
tribution of the medium magnetic permeability in the magnetic field solution layer is described using the
Cauchy product and complex Fourier series. The Laplace’s equations or Poisson’s equations of each so-
lution layer are established based on Maxwell’s equations, and the magnetic vector potential of each solu-

tion layer is solved by combining the boundary conditions. The electromagnetic characteristics of the mo-
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tor, such as air gap flux density, no-load back EMF and output torque, are calculated using the multi-

layer analytical model and compared with the results obtained from the finite element model (FEM). The

results show that the air gap flux density waveforms calculated using the multi-layer analytical model and

FEM are in good agreement. The relative errors of the peak no-load back electromotive force and average

output torque of both are less than 1%, confirming the correctness of the multi-layer analytical model.

Finally, this research examines the influence of slot opening width, pole width and magnetizing angle on

the output torque using the multi-layer analytical model. It offers the optimal design solution for output

torque, which can reduce the output torque ripple by 75. 7%. The proposed multi-layer analytical model

is not only accurate but also fast in calculation, which has obvious advantage in the initial design of the

motor and the study of the influence law of electromagnetic performance.

Keywords: multi-layer analytical model; permanent magnet motor; finite element model; three-

segment Halbach array; electromagnetic performance
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for two analytical models and FEM
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