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This study investigates the rotor and stator structures of an axial flux permanent magnet synchronous machine (AFPM) for drone
applications, aiming to improve efficiency and specific power. Based on a reference model of an outer-rotor permanent magnet
synchronous machine designed for drones, both single-sided and double-sided AFPM models are analyzed with respect to various
shape ratios. By comparing the characteristics across different shape ratios, structural configurations that exhibit enhanced performance
over the reference model are identified. Furthermore, by applying the optimal shape ratio to the yokeless and segmented armature
(YASA) type structure, which is also used in traction applications, improvements of 2.24% in efficiency, 14.6% in specific power, and
5.22% in torque density compared with the reference model are confirmed. The results of this study are expected to provide useful
guidelines in the initial design stage of drone AFPMs for selecting optimal electromagnetic structures and shape ratios.

Keywords : axial flux permanent magnet synchronous machine, shape ratio, specific power, electromagnetic analysis, finite element
method
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Fig. 2. (Color online) Winding configurations of AFPM machine: (a)
tooth (drum) winding and (b) TORUS (ring-type) winding.
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Fig. 1. Configuration of AFPM models.
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Table 1. Design specifications of the reference RFPM model.

Parameter Value
Pole / Slot 40 / 36
Outer diameter of stator [mm)] 81
Outer diameter of rotor [mm] 88.5
Air gap [mm] 0.4
Axial length [mm] 20
Maximum input current [A] 20
Rated speed [rpm] 3,000
DC voltage limit [V] 48
Current density limit [A/mm?] 15
Number of parallel branches 1

Table II. Materials used in the reference RFPM and AFPM models.

Component Reference RFPM AFPM
Stator core material 50PN470 Somaloy 700-3P
(electrical steel) (SMC)

Rotor core material S45C (steel)

Permanent magnet

. N42SH
material

Conductor material Copper
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Fig. 3. (Color online) Comparison of core materials: (a) B-H curves and (b) B-P (core loss) curves of 50PN470 and Somaloy 700-3P.
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Fig. 4. (Color online) Structures of the reference RFPM and AFPM.
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Fig. 5. (Color online) Mesh models of the reference RFPM and AFPM.
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Fig. 6. (Color online) Torque capability of AFPM compared with
RFPM as a function of shape ratios K; and K.
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Fig. 7. (Color online) Variation of torque and specific power with K, for different AFPM structures: (a) SRSS, (b) SRDS (coreless), (c) DRSS

(YASA), and (d) DRSS (TORUS).
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Fig. 12. (Color online) Efficiency characteristics of AFPM models as a function of shape ratio: (a) SRSS, (b) SRDS (coreless), (c) DRSS (YASA),
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Table ITI. Comparison of electromagnetic performance between the reference RFPM and AFPM structures at the optimal shape ratio.

Parameter Reference RFPM SRSS SRDS (coreless) DRSS (YASA) DRSS (TORUS)

Outer diameter [mm] 88.5 100 100 100 100
Axial length [mm] 20 18 18.8 18 18

Weight [kg] 0.560 0.625 0.622 0.593 0.606
Speed [rpm] 3,000 3,000 3,000 3,000 3,000
Torque [N'm] 3.30 3.48 2.97 3.99 3.90
Number of turns 6 9 3 9 7

Current density [Amy/mm?] 13.89 12.71 12.13 14.35 14.83
Maximum line voltage [V] 37.61 41.81 31.50 4243 31.78
Copper loss [W] 38.66 50.31 46.37 56.52 48.24
Core loss [W] 74.23 43.98 57.31 46.91 52.71
PM loss [W] 1.88 1.21 4.52 1.90 223
Efficiency [%] 90.02 91.97 90.89 92.26 90.13
Specific power [kW/kg] 1.85 1.75 1.50 2.12 1.56
Torque density [Nm/L] 26.82 24.62 20.11 28.22 21.22
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