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Design and Analysis of a Stator Coreless Axial-flux Permanent Magnet Machine With
Module Poles
CAO Yongjuan, HUANG Yunkai, JIN Long, HU Mingiang
(School of Electrical Engineering, Southeast University, Nanjing 210096, Jiangsu Province, China)

ABSTRACT: A novel stator coreless axial flux permanent
magnet (AFPM) machine with module poles and Halbach
arrays was proposed in this paper. The structure features and
advantages of the novel machine were introduced. The
electromagnetic torque was analyzed. Based on three
dimensional (3D) finite element analysis (FEA), the sizes of
permanent magnets and soft magnetic material of rotor poles
were optimized. The electromagnetic torque per permanent
magnet volume and air gap flux density sine distribution are
the crucial factors which have to be considered in the rotor
optimization procedure. Therefore, the pole arc coefficients of
axial magnetization, tangential magnetization permanent
magnets and soft magnetic materials in the rotor were derived.
Compared to traditional stator coreless AFPM machine with
Halbach arrays, the optimized novel machine has higher torque
density and less permanent magnets. The experiment and FEA
results on a prototype machine verify the correctness and
effectiveness of the proposed novel machine.

KEY WORDS: axial-flux permanent magnet (AFPM)
machine; module poles; Halbach array; finite element analysis
(FEA); optimization
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Tab. 1 Design parameters of the AFPM machine -
me = Z(Dozut - Diﬁ )(kA + kT)hm (6)
w 100 v 220 Ka ki
n/(r/min) 1000 p 4
Q 12 /mm 105
Dou/mm 80 Din/mm 53.2 (5)
g/mm 0.7 h/mm 7
N42H M19 “
Te/me, 7 e
BmglN pm, 7
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Tab. 2 Harmonic analysis of air-gap flux density
T 3 T 5 T
kaoy=36°, krop=0° 0.46 0.02 0.020
kaop=30°, krop,=6° 0.48 0.01 0.025
kap=28°, ky,=8° 0.55 0.02 0.030
kaoy=26°, ktop=10° 0.57 0.01 0.030
kaop=24°, kyop=12° 0.58 0.02 0.030
2 3D kap=20°, kyo,=16° 0.58 0.06 0.030
Fig.2 3D FEA model kaoy=18°, krop=18° 0.58 0.08 0.030
kray/2 kray/2 ka;=12°, kyoy;=24° 0.52 0.13 0.010
kacp=8°, ky;;=28° 0.485 0.14 0.010
kaoy=6°, kya;=30° 0.455 0.14 0.020
2
op=n/p
3
Fig. 3 Parameters of rotor pole 4 048T 3
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Fig. 4 Air-gap flux density distribution
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Tab. 3 Air-gap flux density analysis
T IT5 IT (BrogtNpm)/(T/m?)
Kacy=28° krop=14° 0.620  0.05 0.02 34275 (®)
kaop=26°, kra;=13°  0.595 0.02 0.03 35423 6
kaop=24°, kra;=12°  0.580 0.02 0.03 37408 Fig. 6 Photo of the AFPM machine with module poles
kay=22°, kra=11°  0.545 0.05 0.04 38346 950 r/min ( )
kaop=20°, kra;=10°  0.510 0.09 0.04 39471 ( ) 7 7
kaop=1, kry=9°  0.465 0.12 0.03 39987
kaa=16°, kra,;=8°  0.420 0.14 0.01 40632
kaa=14°, kray=7°  0.360 0.14 0.01 39803 -
kaop=12°, kray=6°  0.300 0.14 0.02 38698 E
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