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Research on transmission characteristics and parameter configuration of
WPT systems incorporating distributed electromagnetic coupling

Xie Shiyun,Peng Chunyao,Tan Yuwen, Yang Tingting,Chen Long

( Chongqing University of Technology, Chongqing 400054, China)

Abstract; This paper addresses the detuning and performance degradation issues in wireless power transfer (WPT) systems caused by the
coupled effects of eddy currents and parasitic capacitance networks when metallic components are in proximity. A circuit model
incorporating distributed electromagnetic coupling and a corresponding resonant parameter configuration method are proposed. Firstly, a
comprehensive distributed parameter model is established, which systematically accounts for eddy current effects and three distinct types of
distributed capacitance, namely coil-to-shield, inter-coil, and inter-shield capacitance. Through rigorous equivalent circuit transformation,
the electromagnetic field coupling paths are effectively simplified into a lumped Il-type equivalent circuit, from which analytical expressions
for the modified equivalent self-inductance are subsequently derived, thereby quantitatively clarifying the influence of distributed
capacitance parameters and eddy current effects on the equivalent self-inductance. Subsequently, the impact of distributed electromagnetic
coupling parameters on the system input impedance characteristics is analyzed. Based on this analysis, and under the conditions of series
resonance on the receiving side and zero phase angle on the transmitting side, the parameter configuration expressions for an LCC-S
compensation network are derived. Finally, to validate the proposed method, both simulation and experimental platforms are constructed
with a system operating frequency of 85 kHz. The simulation and experimental results demonstrate that when resonant parameters are tuned
solely for the coil without considering the aluminum shield, the system becomes detuned upon introduction of the shield, exhibiting a phase

difference of 50° between the inverter voltage and current. In contrast, employing the proposed parameter configuration method restores
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resonant operation, reducing the phase difference to less than 5°. Experimental results further confirm that the tuned system achieves a

transmission efficiency of 95. 1% at a power level of 500 W under perfectly aligned conditions. Even with a lateral misalignment of 90 mm

at the receiver side, the system maintains a transmission efficiency exceeding 82%. These results validate the correciness of the proposed

model and parameter configuration method in metallic environments and demonstrate its excellent misalignment tolerance.

Keywords : wireless power transfer; distributed electromagnetic coupling; eddy current effect; distributed capacitance; resonant

characteristics
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Fig. 1 WPT system incorporating electromagnetic distributed coupling
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Fig. 2 Diagram of the coupling mechanism
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Fig. 3 Distribution of multi-physics coupling characteristics

in the WPT system
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Fig.4 Equivalent circuit of the coupling mechanism with

electromagnetic distributed coupling
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Fig. 17  Electromagnetic-coupled transformer model
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Fig. 19 Equivalent self-inductance of the coil versus K,
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Fig. 20 Equivalent self-inductance of the coil versus K, and K
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Fig. 23 Equivalent circuit of the WPT system incorporating
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Table 1 Geometric parameters of the coupling mechanism
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Fig.25 Simulated voltage and current waveforms of inverter input/output and rectifier input/output



53

Wz A5 R R R G 1 WPT RGUAE MR IE e S0 S WHY 297

5 ASEAR I Ak 2L P AR 22 Bl I 9 981365 2 B0t
RYVERE D AL, WK 25(b) Fs, BRI AR 2847
50 VU R (EL R HE R IO S B AR A SU(E A
JF I 5. 13 A, IR 72. 8% . WK 25(e) T, 20k
sk BE R A 2R 3% A R Dl sh R B SF R
28.89 V, ML K 5.26 A, R FEIE 150 W,
PARE T I TR0 AN A FL X R GRS RARAS I 52

K FHAHE S 1B 4R S BT RIS AME IS, RS g
B GE, K 25 (c) Bros, A8 004 L A AL
BRI T2 9. 85 A BARTHIEIRASIR T 92% . 4nl&l 25(f)
FoR o R i AR R R 2 52.3 VBT 2
9.46 A, RGLHIIRIIF:E 500 W, 25K %M . fr R A
BRI T A TR ARSI AR B AE fb, ST IR 5] T
il PR TAER,

A FUGF F A A, B T AR ARERBEXT WPT R4tk
(AN} A N AT WK R niik i RE (O 3 G i S BN
WSENA R, ZECE R B E T T R YR
Hine 1 SRR, W0k T HAE &R AR B S N S R
EPE,

4.2 SKIGIHIE

&1 26 JFE BT R B TR B WPT RGEHYSE
YSFERL, X M R AR B R G AT R i TR
HATHE,

K26 SCHRAENL
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