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Parallel dual-channel electromagnetic hybrid field coupled WPT system

Xie Shiyun,Tan Yuwen, Yang Tingting, Geng Yuyu,Peng Chunyao

( Chongqing University of Technology, Chongqing 400054, China)

Abstract: To address the issues of system detuning and performance limitations in hybrid wireless power transfer ( HC-WPT) systems
caused by the low integration of coupling mechanisms, unclear electromagnetic interaction mechanisms, and distributed parasitic
parameters, this paper proposes an equivalent circuit model and a resonant parameter configuration method considering interactive
capacitors. First, a dual-channel integrated coupling mechanism combining planar coils and plates is designed. While ensuring a
compact structure in finite element simulations, an equivalent circuit model considering eleven sets of interactive capacitors between the
coils and plates is established using a lumped model. Subsequently, the influence of the dual-channel interactive coupling parameters on
the input impedance characteristics of the system is revealed. On this basis, by combining the characteristics of the LCC-S topology in
the magnetic-field channel and the double-sided LC topology in the electric-field channel, the expression for the resonant topology
parameter configuration considering interactive capacitors is derived to achieve independent adjustment and efficient transmission of both
channels. Finally, to verify the effectiveness of the proposed method, a simulation and a 1 kW experimental prototype platform are
constructed, with the system operating frequencies set at 85 kHz/850 kHz. The simulation and experimental results indicate that if the
interactive capacitors are ignored in the equivalent modeling, the system will experience significant frequency drift and detuning.
However, by adopting the parameter configuration method proposed in this paper, the system successfully achieves zero-phase-angle
resonant operation. Experimental results further confirm that under the condition of simultaneous operation of two energy channels, the
overall transmission efficiency can reach 87.5%, and the phase difference is less than 5° in the resonant operating state. The measured

waveforms are in agreement with the theoretical analysis. Even when the receiver is laterally offset to 180 mm, the system can still
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maintain a transmission efficiency of over 82.3% , fully verifying the correctness and effectiveness of the equivalent circuit model of the

eleven sets of interactive capacitors and the resonant configuration strategy in the hybrid energy transfer system.

Keywords : electromagnetic hybrid wireless power transmission system; interactive capacitors; integrated coupling mechanism; resonant

topology parameter configuration
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Fig. 1 Hybrid dual-channel WPT system
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Table 2 System parameter values

28 Bl 28 W
L,/pH 330. 20 Ly /puH 82. 00
L./pH 331.50 Lﬁz/uH 72.00
M/pH 120. 00 L3/ nH 68. 00
C,/pF 28.24 Jf1/kHz 85. 00
Cs,/pF 28.28 Jf2/kHz 850. 00
C3/pF 14. 86 C,/nF 14. 10
Cy,/pF 14. 85 C,/nF 10. 50
C\4/pF 2.25 Cpy/nF 42.70
Cp3/pF 2.25 Cpp/nF 0.31
C,/pF 92. 00 Cﬂ3/nF 0.32
C,./pF 91. 80 R,/Q 30. 00
C,/pF 7.99
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Table 3 Comparison with existing works

Fik o RSF/mm HR/W e BeR/%  HES/mm
SCHK[15]  600x600 653 1 MHz 87.7 60
SCHK[16]  400x400 200 1 MHz 86.5 20
XHk[17] @210 300 3.2 MHz 87.3 12
k(18]  300%300 278 800 kHz 87.8 120
SCHR[19]  300x300 438 728 kHz 86.2 10

E'S 500500 1051 85/850 kHz  87.5 50

I FL R B A 30 R G B RS R R R
MVE Y SR A 180 mm H-R43H 4 AT RE AL E 7RI
PRAIFNSEE 2 I 0L, W R PLim AL Rk, Wl
BT SO0 RRALSE B A R B R I ORI T R G
IR RRCR

B 18(a) ((b) (e) (DA T 4 MuBME T, M
AR g A R BRI . EARFINLE T, B
TH 39 AR Ay PR R 5 E AL R AR AT 22 Y AR b F 00 ~ 50, 1
2 Gk ABRBTAL 55 Bt , AT ARAIE T JF SC 88 4435 T
YEER R AR, Y ImFe — 2R AT, i g il
B NG SRR SR A NS R o W A R A BT
FEFEE

B8 Hi(e) ((d) ((g)  (h)MMELT 4 Fpf 8 F &5
HIAEL R FIRIEIE  BEHLR S 4 AN E G 7 REE B
2020 500 W HLIZBEE Y H DR 2508 550 W HEHLR
Bt MABRCRM IR M 87. 5% .86. 3% .85.2% .82.3% , 55
15 EAH IR 22K R 5. 1% 6. 7% 8% 9. 6% , (WAL’
AR RS B T A LA ARG 1) 38 L 25 R A
TRk, XTI A S PR A F IR 58 4l R RS 1 B T Y

FEPLARGE, 00 L s
e,

TE Y 35 ) i #% 180 mm Y TB0T 395748 gk Hh LT
PO BETTih B e, (RS RE AR R S A (1 S 4
J5R, ROE A R AR, HE— 20 Ul W R AL B A R AF Y 4T i B
Rk

ORI RS 5 A NGV S

5 & it

WO T — R AT AUBEE B RL IR & A
WPT R4t , it 87 i1 K 58 1. HL 75 B 265 20 el i A R
ST T EET 3 28 11 A A B RE S AN L S WLRE SE AR A R
Wi, 25 TR A& S A LA & 2% B A8 B 258 1 BB
YSRGS HEEROT . TH R R AR M LCC-S 1
JRIEh, i e A 2 XU LC dh, S TR &1
K BHUFRMT I FR 5L IR 22 26 B 245 44 52 i 1) 5 B0
SIFEHLAE 50 mm BB 2000 1 kW B R (REfE
16 486 W, HLIZHETA 565 W) , 7E 0~ 180 mm 1 Y 4l %
TWHENYREEE T 1 kW (I 8h<3.2% ) , A8 fi i |

i LR A2 R < 5% , B diE 1R S8 B A R A i B
] o
S 30k

(1] BEW], PO, SMsRe, &5, JoLk il REAL far oA b H
WFE SR S SC R R R[] ], M TR 22 4, 2021,
36(8) :1547-1568.
XUE M, YANG Q X, ZHANG P CH, et al. Application
status and key issues of wireless power transmission
technology [ J ]. Transactions of China Electrotechnical
Society, 2021, 36(8) : 1547-1568.

(2] XU#fR, @ilifh , D, 4. BT a8t 2 4
ol vhd th R e e R e [ )], R R
R, 2026, 47(3) : 24-35.
LIU Y CH, KOU ZH W, MA Y W, et al. An output-
regulated misalignment-tolerant wireless power transfer
system based on switched-control capacitor[ J]. Chinese
Journal of Scientific Instrument, 2026, 47(3) ; 24-35.

(3] RN, MR, 92, % Bila s 433
LI ARG SO B [ 1], hERALT
FE2m i, 2025, 45(4) :1599-1610.
SUY G, TAN ZH B, HU H SH, et al. Electric-field
coupled dynamic wireless charging system for electric
vehicles and the design method of coupler [ J ].
Proceedings of the CSEE, 2025, 45(4) : 1599-1610.

[ 4] wIRE, a5, TR, & FETMIMAR RS
T TETCL L REL T R ZE L) ). IR, 2024,



% 6 1

W 45 TR RO S A WPT &4 351

(5]

(6]

(7]

[8]

(9]

[10]

[11]

[12]

47(16) :33-40.

SIQH, LI J G, WANG LY, et al. A high anti-offset
wireless power transfer system based on dipole coils[ J].
Electronic Measurement Technology, 2024, 47(16) :33-
40.

BASAK S, KUNDU U, UMANAND L. A systematic
approach for characterization of capacitive couplers for
wireless EV charging [ J ]. IEEE Transactions on
Industrial Electronics, 2024, 71(9) ; 10422-10432.
Rade, R, BN T B EGE KA R
LM ARG [T]. 0TI &EH AR, 2024,
47(22) :19-24.

WU J L, GAO CH SH, TANG X B. Wireless power
transfer system based on genetic simulation annealing
algorithm [ J ].
2024, 47(22) :19-24.

s, T, PLAE, 5§ ECWREETLHRE
1elin ZGAR G I SN VERE 0T [ )], AU
iz, 2025, 46(12) ;:284-299.

XIESHY, LIQQ, LIHY, et al. Analysis of coupling

Electronic Measurement Technology,

circulating current and transmission performance in WPT
system with quadrature double channels [ J]. Chinese
Journal of Scientific Instrument, 2025, 46 (12) . 284-
299.

SUN M, DAI X, DENG P Q, et al. Phase synch-
ronization method based on self-oscillation mode for
bidirectional EC-WPT system[ J].
Power Electronics, 2025, 40(5) . 7477-7487.

LUO B, LIU Y ZH, ZHANG Y M, et al. A multiple

IEEE Transactions on

independent-load output capacitive power transfer system
with high coupler misalignment-tolerance for railway
applications[ J]. IEEE Transactions on Industry Applica-
tions, 2024, 60(5) : 7566-7577.

WANG Y, ZHANG H, LU F. Review, analysis, and
design of four basic CPT topologies and the application of
high-order compensation networks [ J ]. TIEEE Trans-
actions on Power Electronics, 2022, 37 (5). 6181-
6193.

LIU ZH, SU Y G, HU H SH, et al. Research on transfer
mechanism and power improvement technology of the
SCC-WPT system [ J .
Electronics, 2023, 38(1) . 1324-1335.

Zrha, WY, LA, S R A S
ORI RE (22 1) R SR R IR B A5 A [ 1], T
I 5 AS #2024, 38(1) :94-105.

IEEE Transactions on Power

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

LIZH Q, GANZY, REN L Q, et al. Omni-directional
wrap-around active magnetic shield structure with high
efficiency and low magnetic leakage for wireless power
transfer systems[ J]. Journal of Electronic Measurement
and Instrumentation, 2024, 38(1) : 94-105.

RN, AR, BIR R, AF. BT RIS R R AE
fFo I T R B YL ® Ik (1], B T H AR
iz, 2024, 39(6) :1613-1626.

SUY G, DENG CH L, HU H SH, et al. Crosstalk
suppression method for electric-field coupled power and
signal parallel transmission system[ J]. Transactions of
China Electrotechnical Society, 2024, 39 (6): 1613-
1626.

LUO B, LONG T, GUO L M, et al. analysis and design
of inductive and capacitive hybrid wireless power transfer
system for railway application[ J]. IEEE Transactions on
Industry Applications, 2020, 56(3) : 3034-3042.

QING XD, LIZJ, WU XY, et al. A hybrid wireless
power transfer system with constant and enhanced current
output against load variation and coupling misalign-
ment[ J].
2023, 38(10) : 13219-13230.

WANG Y, YANG ] X, WANG K Y, et al. Highly

IEEE Transactions on Power Electronics,

integrated hybrid inductive and capacitive power transfer
system with asymmetrical printed-circuit-board-based self-
resonator| J ]. TEEE Transactions on Power Electronics,
2025, 40(7) : 10254-10264.

ZHANG X, LI G Y, CHEN T, et al. A high-efficiency
underwater hybrid wireless power transfer system with low
plate voltage stresses [ J ]. IEEE Transactions on
Industrial Electronics, 2024, 39(8) . 10546-10557.
WANG F X, YANG Q X, ZHANG X, et al. Enhancing
misalignment tolerance in hybrid wireless power transfer
system with integrated coupler via frequency tuning[ J].
IEEE Transactions on Power Electronics, 2024, 39(9) .
11885-11899.

LIS Q, XIA K, LI T, et al. A novel comb-shaped
coupler for hybrid inductive and capacitive wireless power
transfer system [ J ]. IEEE Transactions on Power
Electronics, 2025, 40(4) . 4787-4792.

MEI Y, WU J D, HE X N. Common mode noise analysis
for inductive power transfer system based on distributed
stray capacitance model[ J]. IEEE Transactions on Power
Electronics, 2022, 37(1) . 1132-1145.

BUDHIA M, COVIC G A, BOYS J T. Design and



352 % & L F ¥

47

optimization of circular magnetic structures for lumped
inductive power transfer systems[ J]. IEEE Transactions
on Power Electronics, 2011, 26(11) ; 3096-3108.

[22] 2GR FARZ L2 (SAC/TC 114) . B 3K
FRL T W RGH 1 Ao @M EK: GB/T
38775. 1—2020[ S]. H EFRHE H AL, 2020.1-32.
National Technical Committee of Auto Standardization
(SAC/TC 114). FElectric vehicle wireless power trans-
fer—Part 1. General requirements: GB/T 38775.1—
2020[ S]. Beijing: Standards Press of China, 2020
1-32.

[23] WUX Y, SUY G, HU A P, et al. Multiobjective

parameter optimization of a four-plate capacitive power

transfer system [ J ]. IEEE Journal of Emerging and
Selected Topics in Power Electronics, 2020, 9 (2).
2328-2342.

fEEE N

R R GEEEH ) , 2010 4EH1 2017 4
T KK FRAG b2 22 0, By
HRH TR FRIH 2, RS0, B2
FTC LR i BE L B R |l AE AR 5

E-mail ; xieshiyun1987@ cqut. edu. cn

Xie Shiyun ( Corresponding author) received his B. Sc. and
Ph. D. degrees both from Chongging University in 2010 and 2017,
respectively. He is currently an associate professor at Chongging
University of Technology. His main research interests indude
wireless power transfer and power conversion and control.

B3, 2023 AR T HE KL T RF3AG
A, B R TR A A EEE
FEIT 0 N TCE LR R B A
E-mail ; 2898463412@ qq. com

g Tan Yuwen received his B. Sc. degree from

Chongqing University of Technology in 2023. He is pursuing his

M. Sc. degree at Chongqing University of Technology. His main
research interest includes wireless power transfer.

WIS 2023 AF T EKHL T R ARG 7
AL, B R B TR A A
FEIT 18 R L REA AR
E-mail; 1343998434@ qq. com

Yang Tingting received her B. Sc. degree
from Chongqing University of Technology in 2023. She is
pursuing her M. Sc. degree at Chongqing University of
Technology. Her main research interest includes wireless power
transfer.

BR= 2014 4EH1 2019 4F T 1Lt 521
REpPAG o M A, BN E PR T
KRR G F TR, a1 4 &
LTINS SN N v~ o X 3 T 5. N
Fe A HL YR M R T A BB 5 o iR

W5,
E-mail :20190029@ cqut. edu. cn

Geng Yuyu received his B. Sc. and Ph. D. degrees both from
Beijing Jiaotong University in 2014 and 2019, respectively. He is
currently a lecturer and master’s degree supervisor at the School
of Electrical and Electronic Engineering, Chongging University of
Technology. His main research interests include high-power
wireless power transfer technology, and suppression methods of
on-board power supplies.

BEE 2023 4T H P TR ERIG %
i, B R TR A, EE
FEIT 10 L LRI
E-mail ; 1351068129@ (q. com

Peng Chunyao received his B. Sc. degree
from Chongging University of Technology in 2023. He is pursuing
his M. Sc. degree at Chongqing University of Technology. His

main research interest includes wireless power transfer.



