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Abstract: [ Objective] To address the issue of reduced
transfer efficiency caused by cross-coupling among receiver
coils in multi-load wireless power transfer ( WPT) systems,
this study proposes a multi-load WPT system based on
Halbach-type magnetic couplers. [ Methods] By controlling
the excitation current direction of constituent coils in the
transmitter unit and utilizing the combined magnetic effects of
these coils, the Halbach-type magnetic coupler achieved dual
regulation effects of magnetic field focusing and attenuation in
target areas. Through finite element simulation modeling and
optimized design of the magnetic coupler, the mutual
inductance and magnetic field characteristics between the
transmitter unit and receiver unit were analyzed. The
principles of magnetic field focusing and attenuation were
explained from the perspective of magnetic flux. Additionally,
an SS-type equivalent circuit topology was constructed to
derive the output characteristics of the system. Finally, an
experimental platform was built to analyze and validate the
variation  patterns  in  mutual  inductance,  output
characteristics, and magnetic attenuation performance of the
system. [ Results ] Experimental results showed that the
Halbach-type magnetic coupler exhibited the capabilities of
bidirectional magnetic field focusing and attenuation. The

distribution of magnetic field focusing and attenuation regions
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were spatially staggered, which effectively suppressed cross-
coupling among receiver coils and reduced magnetic leakage
in the system. When two receiver units were positioned
20 mm from the transmitter unit and both loads were 20 (),
the system achieved a maximum overall transfer efficiency of
80.84% . [Conclusion] The Halbach-type magnetic coupler
proposed in this study successfully addresses the issue of
cross-coupling between receiver coils in multi-load WPT
systems through asymmetric magnetic field regulation
technology. Due to its modular unit structure, the system
demonstrates excellent scalability. This modular design,
characterized by its simplicity and flexibility, shows promising
potential for broader applications in multi-load WPT systems.
Key words: wireless power transfer; Halbach-type magnetic

coupler; magnetic field focusing; magnetic field attenuation
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Fig.1 Improved linear permanent magnet Halbach array
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Fig.2 Halbach-type magnetic coupler
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Fig.3 Schematic diagram of magnetic field in XY plane
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Tab.1 Mutual inductance and coupling coefficients of

transmitter and receiver units
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My rxa/ WH 2.76 10.69 22 39.73
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1.3 MBS SE S

FIFS T Halbach A MUK B #E37 15 BL45
RANE 4 Fs . FER ST RITR A EAATA T,
FH T A L B 7 A 1 1 7 A BRI 32 X R 1
TR 5 JIE 2 AT, T L 3 H) 5 X5 A s, TR
o L AFNAE TSN Lk B P A G AR S
T DX I SR R SR TG 5 R g S R AR X
B, XFP G REPE TR ARG ) S 2L E 5% 43 A
R

FH TR G LR I R X R 1 39 o0 A ek
FRUCERTT 1.2 WA R TG R AR X, i
4 iR, HEEWCR UYL E T G R AR X B
o B, PRI ST ] A A R R 0.001
6, 1M 4% W B JC A & 5 B 0T Z 8] 1Y A A &R AL
Eoxixt Fre 250 0.089 .0.089, %5 5K, fr
W Halbach BYBLHEG AL 76 A RO 5 H22 i iR
JUFN RS BT 22 [ R & A TR B St S8 RRAIG T 4220k
PATTIE AR B TR, R OR T RE R AL A AR E Tk

Bl 5 MHECERIT | T3 R R X XZ

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



AT 2%3A , 55 . FE T Halbach BIBERE S VUG AY 2 512 WPT RGNS
480 HE Jibo, et al; Research on Multi-Load WPT System Based on Halbach-Type Magnetic Coupler

E 4 Halbach 2RSS
Fig.4 Magnetic field of Halbach-type magnetic coupler
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Fig.5 Magnetic field of receiver unit 1 in
XZ plane
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Fig. 6 Variation pattern of mutual inductance and

coupling coefficient
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Fig.7 Schematic diagram of magnetic flux

distribution in transmitter unit
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Fig. 10 Experimental platform
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Fig. 13 Variation pattern of My .., during
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Fig. 15 Variation pattern of transfer efficiency of each

receiver unit during displacement in Y direction
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