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Anti-deflection and interoperability study of WPT based on
distributed transmitting coils

SHEN Tao',SU Dong', WU Zhanli', DONG Jinxi', LIU Xiliu', WANG Bo’
(1. Liuzhou Power Supply Bureau of Guangxi Power Grid Co., Ltd., Liuzhou 545000, Guangxi, P. R. China;
2. College of Automation, Chongging University, Chongqing 400044, P. R. China.)

Abstract: The offset in the relative position between the receiver and the transmitter in a radio energy transmission
system can significantly impact transmission efficiency. We investigate the full-range offset resistance and the
interoperability of the coupling mechanism, and propose a novel many-to-one coupling mode. By utilizing planar
distributed transmit unit coil combination and studying the open mode of the distributed transmit coil with various
receive coil types, axial offset conditions and rotational offset conditions, the interoperability and wide-range all-
directional offset resistance of the receive coil is achieved. To improve the degree of freedom of the distributed
transmit coil, a distributed series control logic circuit is proposed, and the resonance parameters of the transmit
coil are designed for series connection condition to reduce cross-coupling effect. A search strategy for receiving
coil position detection is proposed by combining the magnetic field characteristics of the distributed transmit coil

with a pickup voltage detection method based on the LCC-S resonant topology. An experimental setup is
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constructed with considering axial and rotational offsets in all positions. The maximum efficiency fluctuation of
the planar receiving coil is found to be 3.3%, the maximum for the vertical receiving coil is 5.57%, and for the
solenoid receiving coil is 4.45%. Experimental results show that the proposed system exhibits good anti-offset
characteristics and interoperability, verifying the feasibility and efficiency of the system.

Keywords: anti offset; interoperability; distributed emission coil; location awareness
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Fig.1 Distributed Launch Coil Simulation Model
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Fig. 2 Combination of Four Coils in the Same Direction
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Fig.3 Magnetic density cloud map and magnetic induction line distribution map of the four coil

combination in the same direction
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Fig.4 Symmetrical reverse four coil combination with spacing
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Fig.5 Magnetic density cloud diagram and magnetic induction line distribution diagram of the symmetrical and reverse
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Fig. 6 Cross four coil combination and its magnetic induction line distribution
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Fig. 8 Distribution diagram of mutual inductance corresponding to planar receiving coil
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Fig. 9 Distribution diagram of mutual inductance corresponding to vertical receiving coil
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Fig. 10 Distribution diagram of mutual inductance of solenoid type receiving coil
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Fig. 11 Distribution of Axial Offset Mutual Inductance under Different Rotation Offset Angles
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Fig. 13 Distributed Series Control Logic Circuit
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Fig. 16 Location detection area division of planar receiving coil
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Fig. 17 Detection of the opening coil and magnetic field coupling area
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Table 2 9 position coupling area judgment
A b A 2 Xk 72 XA A2 Xk
1 X Jc X Jc
2 IX Jc X X
3 X ¥ J X
4 X X IX J
5 X X X X
6 X JILES Jc 11X
7 Jc X X J
8 Jc IIX X X
9 Jo IIES Jc X

2 AT LAE il 2 23 5000 5 4 A~ DX A AR 2, ) @ i i el TR R AT SRR S R AR RLE i, S BE
R (B AT O AT T A DX AR RS R 2 B L AR R S DX R 1 TR TP A WA B A T
2.4.6.83X 4> X 3, HTA 7B 1 442 DORE IRk 24 R — 2, IRt nT DA Jeb 36 2 0 DB 422 AC 4 B T A7 IX 3l
WP 18 T 7, 5 G2 43 A 2K S 4 Bl Xof JHC 5 280 4189 A TR 2 Wig 4 el A 2 81 28 28 001 2k e o A Tl & T )3

To £k T L U RE A 4 R i e T

FITH L P Ry
Rk

TS

TF IR IR FR R 1
POk BRI

G R R A
— X

o 4% SRR AT 2

FiTH L B

HARBEER ]

TFJe 1 e Pk

A

RARMER

HiHh F AR X8

TR AL B R
BRI REA A
BT RL TR

B 18 RGEMFIEEMRIRER

Fig. 18 Overall system judgment and positioning flowchart
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Fig. 19 Wireless Charging System Experimental Device
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Fig. 20 Physical image of distributed transmission coil
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Table 3 Physical parameters of the coil

SRR (iR ZHUA (iR SHUH
KA I L/AuH 245 R/mQ 72
RalEeAl e L,/uH 24.56 R/mQ 35
o 1 ARk e L,/uH 2238 R, /mQ 62
IR Rk L,/uH 43.9 R /mQ 62
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Table 4 System resonance circuit parameters

s Bl v BAfE
C/nF 46.00 C,/nF 113.18
C,/nF 56.30 C,/F 98.17
C,/nF 103.12 C,/nF 57.69
C,/nF 93.46 C,/nF 54.94
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Fig. 21 Internal block diagram of the driver array chip
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Fig. 22 Full load output voltage and current waveform of the system
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Fig. 23 Transmission efficiency curve of planar receiving coil system

with horizontal offset
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Fig. 24 Curve of Transmission Efficiency of Vertical Receiving Coil System

with Horizontal Offset
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Fig. 25 Transmission efficiency curve of solenoid type receiving coil system

with horizontal deviation
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Fig. 26 Curve of Transmission Efficiency of Vertical Receiver Coil System with Rotation Angle
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Fig. 27 Transmission efficiency curve of solenoid type receiving coil system with rotation angle
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