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Research on constant current/constant voltage output of electric
vehicle wireless charging system and anti-offset magnetic energy
coupling mechanism
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Abstract: In the EV (electric vehicle) wireless charging system, the charging process of the loaded lithium battery
is constant current followed by constant voltage. Therefore, the WPT(wireless power transfer) system needs to
have the ability to achieve two output states at the same time, and smoothly switch between the two output states.
Based on this, this article analyzes the conditions for achieving load independent constant current and constant
voltage output in a bilateral LCC(inductor-capacitor-capacitor) topology, and provides a parameter design method.
In response to the possibility of random displacement in different directions in the system, a bidirectional coaxial
planar coil structure is adopted, where the primary coil is composed of two coils wound in opposite directions, inner
and outer, in series. The proposed EV wireless charging system has the ability to simultaneously achieve constant

current/voltage output through simulation and experimental verification, and can still achieve stable output under
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multi-directional offset conditions.
Keywords: electric vehicles; constant current/constant voltage output; coupling mechanism; anti-offset; phase shift
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Fig.1 Schematic diagram of lithium battery charging process
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Fig. 2 Equivalent circuit diagram of bilateral LCC topology based on mutual inductance model
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Fig.3 Equivalent simplified circuit of system compensation network
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Fig.4 Compensation topology parameter design process
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Fig.5 Schematic diagram of WPT system control logic
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Table 1 Basic parameters of the system

MAHEV,/V 220.00
H i A% R £/ kHz 100.00
RS A gk L,/uH 255.60
WL 5 & Ly/uH 200.70
2 P H R M/pH 29.89
Ji B MR L, Ly/uH 21.7,18.20
JE B BRI AR LAY C ,C / nF 24.9,43.80
R IR RME LAY C, ,Cy / F 171.9,112.50
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Fig.8 Model and cross-sectional diagram of primary and secondary side coils
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Fig. 10 Curve of coil mutual inductance variation with offset distance
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Fig. 13 Normalized three-dimensional distribution map for different charging distances

M p=0.25 B}, B3 7 26 VB o (8] 057 B30T AR SF 1, 0 SR B 0 4 B 2B AR L A S D i R 2 & AR
WEAE o X p B LAl LA B, 24 48 Bl % 26 i A% Bk X L 4k 3 1 5 i E i, R BRVE R . AR TR AR &
Vi 2% B (9 B2 T E R AR SR TR 5T . Hovh 2 SR & U 2N, N, N3 0 D R S AL 9 0 5 R i 2k B 1Y [
B, d A IRE L, L5350 R R S R B i .

Pl 14 8 k5 4 RS [ S A% T L JR5% B i 6% o7 6 7 722 Ay it 2 0 25 U i 4 0 s v 25, B oA 2 18/ AR
2 T2 A% B S BN . i gk PR 13, 78 7 R X B R ST 2 o R AT B o R e K A L, S AR A K A T
JERAR I A 1 R AR Ak 25

S AR RE ) ) EESHCR DL LA B RSE AN B R B LG DL R LR . S T 40 ik 34~ 280
X 2R G 1 R, R A AR i A O 200 4 R B AR L DN A P I kb % I ] B AT AR Y R OGE S A 1A
A3 B L IC(E R B RS AE A 52 e, S 2 B R BRI HE T IR 14 MR N, N B D 1501, LRI R 0 B
AR LA T BB i 7% 07 & AR Rk o &1 15 2 & S o A 3K L, R 0.4 m, [0 [ BE R O B, AN [R] N, 2 N UM
LR B A A% AR E . BT 16 L, 0.4 m, N, N, AR G 1.5 LB AN [) I B 3B T J B g A% £
AR



% 8 Rt R, 5B 3iAE LA 2 LB/ ES B L AR B4R A AU BT R 75

LOT 7,040 m
B —a—L,=0.40 m
* —o—1,=0.36 m [ L=036m
—+—1,=032m 0.8 [ ] L=032m
327 —+—1,=0.28 m 4 [ 17,=028m
= 28 |!___.__.__.——|\H‘._‘.\.\. E 0.6
\i e *—o— 9o o %
%,j 24 I .\01—.\._;\. M 0.4 L
P TR e — 02}
16 . ' : ' ' 0.0
0 40 80 120 160 200
w7 ) RS B B fmm R IR JBAE 1) T A A
(a) ANFIL 8T B B o B AR AL (b)) £ L A X R bR 25

E14 ARLBETERBRERBUETHURIMNIREE
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Fig. 17 Flow chart of coupling mechanism design
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Fig. 18 Diagram of the primary and secondary side coils and devices in the experiment
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Fig. 19 Comparison between measured and simulated values of mutual inductance and coupling coefficient
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Fig. 22 Waveform of DC current and voltage flowing through the load in constant voltage mode
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