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Abstract: Wireless power transfer technology ( WPT ) enables energy transmission in a contactless manner, holding significant
application value in fields such as electric vehicles, medical implants, and industrial robots. By combining the strong coupling capability
of magnetic-field coupled wireless power transfer (MC-WPT) and the superior misalignment tolerance of electric-field coupled wireless
power transfer ( EC-WPT) , a hybrid-field coupled wireless power transfer ( HC-WPT) system is formed, which enhances power density
while increasing the transmission power. To address the limitation that existing HC-WPT systems do not consider the distributed
capacitance between the coils and plates, this paper constructs a discrete-integrated electromagnetic hybrid-field coupled WPT system.
First, an integrated coupling mechanism is established, in which the transmitter and receiver coils serve as the magnetic-field coupling
channel and the shielding aluminum plates act as the electric-field coupling channel. The composition and connection configuration of the
distributed capacitance are analyzed, and a complete equivalent model of the coupling mechanism is subsequently established. Second,
equivalent models for the electric and magnetic field channels under the action of separate input sources are established, taking into
account interactive coupling. The interactive coupling of the two energy transmission channels is parameterized. Furthermore, a
parameter configuration method for the discrete resonant networks-LCC-S topology for the magnetic energy channel and LCLL-LC topology
for the electric field channel—is provided. Subsequently, the power transfer characteristics of the system are analyzed, clarifying that the
magnetic field channel exhibits constant voltage output characteristics, while the electric field channel shows constant-excitation

characteristics for the coupling mechanism. A power allocation strategy aimed at regulating the output power ratios of the two channels is
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proposed; by adjusting the input voltage of the electric energy channel, balanced power distribution between the two energy channels

under varying coupling conditions is achieved. Finally, a prototype of the discrete-integrated electromagnetic hybrid-field coupled WPT

system with a 50 mm transfer distance and 770 W output is built, validating the effectiveness of the resonant parameter configuration

method and the power allocation strategy.

Keywords : wireless power transfer; electromagnetic field; integrated coupling mechanism; distributed capacitance; power distribution
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Table 2 Structural parameters of the coupling mechanism
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Table 3 Characteristic parameters of the coupling

mechanism
2 Bl
L,/pH 369. 13
L,/pH 364. 69
M/pH 150. 00
C../pF 180. 00
C,./pF 180. 00
C,/pF 18.50
C../pF 41.15

®4 RFBRMNESHE

Table 4 Parameter values of the system resonant network
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Fig. 12 Power balance point at different misalignment positions
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Simulation waveforms of the inverter output and rectifier input

AEFFRERL AL, X D) AR A i R e ] T DR BT vk
5 HE

WYL IE S B A R LA KT ik MOS %8 | 1 e ik
TR SR, S5 A IR L B SR, i B Ry
BrAX DI T 2 e B LR 5 45 AR o5 L oA, sk 5
I, ZRGEAn e B i AR A | R S AR AR B R
BB S A L S IR L g 4 AN 3R 23 A

K5 REEBANERLRI®

Table 5 System transmission efficiency and loss

distribution
e REHMF BHE/W % BRRCE/%

WAEE 1 27.05 26.2

fii 89. 04
S St AR I 2k Pl 34 32.9
puts || 26.7 25.9
H L, 2.62 2.5

MY 86.07
HLE L, 2.11 2.0
AR A 10. 61 10.3
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