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Practical Optimum Design Method of Axial-Flux-type PM Motors
using 2D Linear Model
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Since axial-flux-type motors do not have a uniform structure in the axial direction, three-dimensional (3D)
electromagnetic field analysis is required, which increases the calculation time remarkably when seeking optimum
shapes and dimensions using optimum design algorithms, such as the genetic algorithm (GA). This paper presents a
practical optimum design method using a two-dimensional (2D) linear model of axial-flux-type PM motors. It is
demonstrated that the calculation accuracy for torque, losses, and efficiency using the proposed 2D linear model is
almost equivalent to that of conventional 3D models, while significantly reducing the calculation time required for

optimization.
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Fig.1 Specifications of axial-flux-type PM motor.
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Fig. 2 Analysis models of axial-flux-type PM motor.
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Fig. 3 Cross sectional area of stator pole.
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Fig. 4 Comparison of back-EMF waveforms under no
load.
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Fig. 5 Comparison of current density versus torque

characteristics.
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Fig. 6 Comparison of loss breakdown and efficiency.
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Fig. 7 Flux density contour diagrams of stator cores.
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Fig. 8 Joule loss density contour diagrams of rotor

magnets.
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Fig. 9 Parameters to be optimized in 2D linear model.
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Table 1 Comparison of initial and optimum models,
along with their torques and efficiencies calculated by
2D linear and 3D models.

Initial model Optimum model
R
8.6 mm m
$6.0 mm 6.2 mm
Torque |2D 97.2 100.1
(N'm) | 3D 92.3 97.4
Efficiency | 2D 92.5 93.5
(%) 3D 92.6 93.8

Table 2 Comparison of calculation times of 2D linear
and 3D models.

2D linear model 3D model
Calculation time 0.017 14
per case (hours) (about 1 minute)
Calculation time 27 22400
for 1600 cases (hours) (over 2 years)
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