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Abstract: [ Objective ] Dual-rotor axial-flux permanent
magnet synchronous motor ( AFPMSM ) attracts significant
attention in applications such as automotive in-wheel drives
and wind power generation due to their high torque density
and compact structure. However, traditional surface-mounted
permanent magnet motors exhibit low inductance and poor
field-weakening capability. To address this issue, this paper
proposes a comprehensive optimization design for an 8-pole
48-slot yokeless stator AFPMSM. [Methods] The constant
power speed range of a yokeless stator AFPMSM was
broadened while maintaining high torque density, through the
design of a d-axis magnetic bridge. The key structural
parameters influencing the field-weakening performance were
thoroughly analyzed to identify the optimization variables. To
significantly enhance the optimization efficiency, the three-
dimensional finite element model was converted into a two-
dimensional equivalent model for multi-objective optimization,
and the accuracy of the equivalent conversion was validated.
[Results] The simulation results indicated that the yokeless
stator AFPMSM achieved an output torque of 96.2 N+-m and a
constant power speed range of 5:1. [ Conclusion] The
proposed motor design effectively expands the constant power
speed range while meeting the requirement for high torque
density.
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Fig.1 Schematic diagram of yokeless stator
AFPMSM structure
£1 EETIE AFPMSM Z#5%
Tab.1 Structural parameters of yokeless
stator AFPMSM

e EA ZHE
SE TR R /mm 180
FEFHME Ry/mm 252
SBRKSE 1, /mm 1
FEFAE 158 w o/ mm 0.7
FET RO by /mm 1.2
e 5 0.72
BERFERE/ (°) 0.46
FE TN LA/ [ 20
P 8/48
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Fig.2 d-axis equivalent magnetic circuits of
conventional AFPMSM and yokeless stator AFPMSM
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Fig.3 Optimization process of yokeless stator AFPMSM
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Fig. 4 Influencing factors of flux-weakening performance
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Tab.3 Initial values and ranges of design variables
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Tab.4 Optimized values of design variables
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Fig.7 No-load back-EMF of 3D finite element

model and 2D equivalent model
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Fig.8 Output torque vs. current of 3D finite element

model and 2D equivalent model
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Fig.9 Electromagnetic torque of 3D finite element

model and 2D equivalent model
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Fig. 10 Comparison of no-load back-EMF for yokeless
stator AFPMSM before and after optimization
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Fig. 11 Comparison of no-load back-EMF harmonic
amplitudes for yokeless stator AFPMSM before

and after optimization
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Fig. 12 Comparison of cogging torque for yokeless
stator AFPMSM before and after optimization
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Fig. 13 Comparison of electromagnetic torque for

yokeless stator AFPMSM before and after optimization
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Fig. 14 Torque-speed curve and power-speed
curve of yokeless stator AFPMSM
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