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Study of Inductance Parameter of an Axial Flux Permanent Magnet

Machine with SMC Stator
LIU Yuhao, HUANG Pinglin® , CHEN Xianfeng
(School of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: [ Objective] To address the demands of low-
altitude heavy-duty unmanned aerial vehicle propulsion systems
for high power density and robust anti-saturation capability,
this study designs an axial flux permanent magnet machine
(AFPMM) with a soft magnetic composite (SMC) stator core.
The research aims to reveal the influence of stator material
properties on machine inductance characteristics and provide
theoretical

support for enhancing the electromagnetic

performance of AFPMM. [ Methods] Firstly, a three-
dimensional electromagnetic field model of AFPMM was
established based on the finite element method. Then, the
magnetic circuit characteristics of stators made of SMC, grain-
oriented ( GO) silicon steel, and non-oriented (NO) silicon
steel were comparatively analyzed. Finally, the nonlinear
variation rules of dg-axis inductances with current angle and
current amplitude were quantified, and the saturation
mechanisms of machine inductance under different stator
materials were systematically investigated through magnetic flux
density distribution analysis. [Results] The results showed
that the machine with SMC stator has isotropic properties and
optimal anti-saturation capability. The machine with GO
silicon steel stator has anisotropic characteristics with the
highest initial inductance as well as output torque, but the
inductance drop was significant at high currents. The
inductance characteristics of machine with NO silicon steel
stator was between SMC stator and GO silicon steel stator.
[Conclusion] Although the machine with GO steel stator offers
higher torque density, its performance necessitates optimized
magnetic circuit design to suppress cross-saturation effects.
The machine with SMC stator can effectively balance the
dg-axis inductance and alleviate local saturation, which is
suitable for high-frequency and complex magnetic circuit
working scenarios. This study verifies the advantages of SMC

stator in meeting the practical demands of unmanned aerial

vehicles and provides theoretical guidance for material selection
and electromagnetic design in high-performance motor.

Key words: axial flux permanent magnet machine; soft
magnetic composite ; grain-oriented silicon steel ; non-oriented

silicon steel; inductance
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Fig.1 Diagram of the relationship between the
coordinate systems of AFPMM
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Tab.1 Structural parameters of the motor

SRR SHUH
P 20
iepie 18

FEF A/ mm 219
SEF4HME/mm 116
FEF 175 BE/mm 45
%7 BE/mm 14
e T B 4
AP/ mm 1

AFPMM F4 S B 2% % T8 R 2% = - an ] 3
FE 4 R,
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#2 SMC ElEgesaiz

Tab.2 SMC magnetic performance data

T35 o [iRZE) S o
2 t# B/T . W% B/T
H/(A-m™") H/(A-m™)
0 0.00 12 904 1.49
93 0.03 26 799 1.68
165 0.06 49 770 1.83
Fig.2 AFPMM model 399 019 99 770 198
457 0.23 124 770 2.03
1104 0.58 149 770 2.08
1 594 0.77 189 770 2.15
2 306 0.95 229 770 2.21
3 606 1.13 279 770 2.29
6 468 1.31 304 770 2.33
E 3 AFPMM SBR#Z R
Fig.3 Air gap magnetic flux density
waveform of AFPMM
4 AFPMM # % =E
Fig.4 Contour map of magnetic flux
density of AFPMM
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6l IR, PR R 45/ 7 18] L b i — S FRETNRIL TS % i
S ,200JNEN1500 BTG AL il 28 D SR il 2 dn 1K Fig.5 Magnetization and permeability
5(¢) B curves of two silicon steels
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Fig. 6 Variation curves of L, and L, versus i,
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Fig.7 Variation curves of L, and L, versus i,
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Fig.8 Variation curves of L, versus i, and i,
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