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ABSTRACT: In this paper, a dynamic wireless charging
system for electric vehicles with self-decoupling segmented
transmitter coils is presented. To this end, based on the
naturally decoupling orthogonal solenoid and square coils,
the solenoid and square coils are hierarchically connected in
series to form the transmitter coil, eliminating the
cross-coupling effects of the adjacent transmitter coils on the
design of the compensation topology. To obtain a stable
charging performance, a two-mode working method, where
one or two transmitter coils are activated, is proposed based
on the optimal charging area. A solenoid-detecting coil
orthogonal wounded on the receiver coil is designed to detect
the position of the receiver. The natural decoupling feature
avoids the interference between the detection signal and
power delivery. The performance and effectiveness of the
proposed design are evaluated based on a scaled-down
prototype. The experimental results show that the stability of
the system output power is improved by 19.5%, and the
maximum efficiency of the system can reach 92.3%.

KEY WORDS: electric vehicles; dynamic wireless charging;
self-decoupling; position detection; dual-mode switching
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Fig.1 Diagram of a dynamic wireless charging system for electric vehicles
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Fig.2 Dual emitter based SS compensation topology
circuit model
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Fig.3 Cross-sensing of adjacent transmitter units on
system performance
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Fig.4 Schematic diagram of the coil structure

Kl 4 s Bt th i B A 20 BRI 2 el 45
K, ZE5Km 4 NSRS TAHR R, BTE 4 (2
Fi7xf) PD_n-1. PD_n. PD_n+1 1 PD_n+2, [d]
IFFRICH 4 AR B To T B B AR A BAS .
K 4 (b) # D1.n-1. D1 n. D1_n+l. D1 n+2
M D2_n-1. D2_n. D2_n+1, D2_n+2 Erfa 5k
SRR, T RS ROTERR EE AL, S
W bEl, Q NHERMIE SRz . K, Hife
R B T T M FLRe BRI LR P ) BT 38 S R
LN, £E18 P_n. D1_n A1 D2_n [ A & 5B H.
VERB/NR S 8.0 PD_n, Hrb D1_n IEAZ 48T
Pn I, D2_n IER%eHFr— NS HRITH



4 S L L S - ¢

D1_n-1 I, HAdA S s nLk Bl e A B Q 1E(E
SHLI L | 1R A2 Se ] T B RE R IR R fE] S £RIBI4h

MSEnR 1 fis.

R1 KESEHEH
Table 1 Coil structure parameters
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Fig.5 Dynamic wireless charging system circuit model
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Fig.7 Dual transmit-single receive simplified equivalent
circuit model
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Table 2 The measured mutual inductance of adjacent
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compensation topology
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Fig.15 Mode switching control flow chart
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Fig.17 Experimental platform for dynamic wireless
charging systems
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Research on Self-Decoupling Segmented Coil Rail and Dual-Mode

Switching Strategy of Dynamic Wireless Charging System

ZHANG Xian!, XU Weida!, WANG Fengxian', YUAN Zhaoyang®, YANG Qingxin?, DAI Zhongyu*
(1. Hebei University of Technology, 2. Tianjin University of Technology)
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To suppress the cross-coupling effects between the
adjacent transmitter coils of the dynamic wireless charging
system for electric vehicles on the topology parameters'
design, a self-decoupled segmented transmitter rail based on
the naturally decoupling orthogonal solenoid and square coils
is proposed, in which the solenoid coils are hierarchically
wounded on the square coils. Moreover, a solenoid-detecting
coil orthogonal wounded on the receiver coil is designed to
detect the receiver's position, as shown in Figure 1. The
natural decoupling feature avoids the interference between
the detection signal and power delivery.

Fig.1 Schematic diagram of the coil structure

The self-decoupling between adjacent transmitter coils
is analyzed, and the simulation results are shown in Figure 2.

Fig.2 Simulation analysis of decoupling of adjacent
emission units

In order to obtain a stable charging process, the optimal
charging areas of the system are determined based on the
performance of mutual inductance. A two-mode working
method and its segmented strategy are proposed, where one
or two transmitter coils are activated based on the optimal
charging area, as shown in Figure 3.

Fig.3 Mode switching control flow chart

A dynamic wireless charging experimental platform
based on the proposed method is built to validate the
feasibility and practicality. The experimental results are
shown in Figure 4.

Fig.4 System output power and efficiency curves with
receiver coil motion



