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Analysis of coupling circulating current and transmission performance
in WPT system with quadrature double channels

Xie Shiyun,Li Qingging,Li Hongyu,Bo Xue,Chen Long
( Chongqing University of Technology, Chongqing 400054, China)

Abstract: Wireless power transfer ( WPT) system with quadrature double channels ( QDC) features a controllable magnetic field
distribution, enabling a distribution of strong coupling regions according to the locations of the receiver coils, and thereby supporting wide-
range power delivery for electrical devices. Circulating currents are induced by the aligned, cross, and same-side mutual inductances
within the QDC coupling structure. The resonance state and transmission efficiency in quadrature double channels-Wireless power transfer
(QDC-WPT) system are deteriorated by the circulating currents, unbalancing the power between the two transmission channels. This
article formulates the QDC-WPT model and analyzes the component and formation mechanisms of circulating current under two excitations.
The reactive and active components of the circulating currents are clarified. Expressions for the power transmission component and six sets
of circulating current are derived. Accordingly, a configuration method for resonant circuits is proposed to compensate for the reactive
current. The distribution characteristics of active circulating currents with respect to the relative positions are analyzed, revealing three
mechanisms by which the circulating currents act upon the power transfer component: dominant, superimposed, and cancelled out. Then,
the zero-power point under the circulating currents for the single energy channel is derived, with the power balance constraint condition
for the dual energy channel. The QDC-WPT system operating in power transfer mode, critical mode, and power feedback mode, are
determined, respectively. Finally, a 1 kW system model and a prototype are established. Simulation and experiment results validate the
proposed circulating current mechanism, compensation method and system performance analysis.
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Table 1 Parameters of experimental prototype

Z 8/ wH A S8 W fE
L, 278. 38 Cpy/0F 86. 78
Ly 279. 46 Cpo/nF 86.78
L, 277. 63 C, /nF 12.63
L, 274.32 C,,/nF 12.78
Ly 40. 40 R,/Q 10. 00
Liy 40. 40 f/Hz 85 000
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Table 2 Parameters of magnetic coupler
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Table 3 Mutual inductance at six positions

o'

e x. v My My My My My M1
o* (0,0) 45.50 0.053 44.70 0. 051 0. 022 0.012
1* (-100,150) 13.01 -15.130 3.26 -15. 140 -0. 850 -0. 840
2* (-150,100) 3.89 -15. 160 12.34 -15.120 -0. 850 -0. 840
3* (125,-150) 8.26 -16.430 3.29 -16.420 -1.610 -2.450
4* (-100,-150) 13.00 15. 140 3.25 15. 100 0.810 0. 850
5* (-125,-125) 9.32 16. 220 8. 66 16. 340 0. 880 0. 890
6" (150,125) 3.81 16. 450 7.65 16. 400 1. 000 1.270
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Fig. 12 Voltage and current waveforms of dual channels inverter output and rectifier input in the prototype
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