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Abstract: Wireless charging technology can perfectly solve the risks and inconveniences caused by DC
charging, and its development can greatly promote the development of electric vehicles. The transmitter
module or receiver end coil of the wireless charging system can be composed of one or more sets of coils
of different shapes or sizes. In this paper, the DDQP was a dual-power mode, which can drive the DD
and Q coils respectively. A high-efficiency three-phase wireless charging system based on a decoupling
DDQP structure was demonstrated through ANSYS Maxwell simulation-assisted design, optimization of
coil structure and parameters, and construction of an experimental platform for testing. Finally, through
the actual vehicle verification, the coil efficiency of the charging system can reach up to 92. 97%.
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Fig.1 Wireless charging system
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Tab.1 Coil performance of wireless charging system
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Fig.4 Coil definition and equivalent circuit of the three-phase
system
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Fig. 6 Equivalent resistance of a voltage multiplier
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Fig.7 Circuit diagram of a wireless charging system
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Tab.2 Design parameters

SR B8 i fE
R FHLER I L 2R R C,/nF 100
ST BhZE P a R C,/nF 10.1
SHINZEE b B A A C,/nF 10.85
PR RS HR B 7R C./nF 37.40
PFC HLJE Vo V 364
FRERA B g/mm 140
FrFRn TR P,/kW 6.6
FrR L Tt LR ViV 370
FRFRH b L 3R I./A 18
7 SRk Pl E 37 S I/A 20~40
S BRI a HL T I/A 5~20
T BhZR b R T I/A 5~20
FE L Pl e 37 S I/A 40
JERIiR f../kHz 85
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Fig. 8 Coil model view
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Tab.3 Parameter dimensions of the magnetic coupler structure

S8 Hfl/mm
X, 560
Y, 670
X, 370
Y, 370
X, 350
Y. 350
X=X, 410
X=Xy 212.5
Y,.=Y, 390
Y. =Y, 192.5
Xy 410
X, 291.5
Y., 155
Y, 36.5
X, 325
X, 55.9
Y., 325
Y, 55.9
H; 5
H, 6.53
H, 3.75
H, 3.75
d, 7
d, 7
AR 20
*4 BSEBH
Tab. 4 Electrical parameters
ZH i
N,/turn 8
N,=N,/turn 21
N,/turn 18
RHTHLL IR AWG 6
Bk B 2 AWG 10
el dn Lk lE 2 AWG 6
KSR BRI/ mm 2
W AR50 DR S B /mm 1
FRAR B/ mm 140
x5 HEER
Tab.5 Inductance matrix
28 (0,—200,140) (0,0,140) (0,200,140)
L./pH 31.88 32.67 31.92
R,/mQ 27 26 27
L,/pH 272.52 276.53 272.33
R,/mQ 247 246 248
L,/pH 251.59 260.75 259.97
R,/mQ 225 236 243
L,/pH 92.11 91.94 92.07
R./mQ 115 114 115
M,/uH 25.6 25.28 25.57
M,,/pH 21.85 21.23 21.31
M,,/pH 1.70 9.47 1.28
M., /uH 23.74 15.55 —2.78
M,,/uH —4.3 16.38 24.91
M,/pH 0.66 4.87 0.46
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Tab. 6 Test instruments and meters
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6 B & 303 40010123WS
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Fig. 9 Test samples (transmitter coil, receiver coil )
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Fig. 10 Test samples (transmit control unit, receive control unit)
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Fig. 11 Schematic diagram of output power and instantaneous efficiency measurement
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Fig. 14 Device connection diagram
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Fig. 15 Test transmitter and receiver
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Fig. 16 Experiment diagram of different lateral migration
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Fig. 17 Measured and simulated voltage and current waveforms
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Tab.7 Performance power factor in simulations and experiments

0cm 5ecm 10em  15em 20 cm

APF(a) 032 021  0.04 0.37 0.34
il APF(b)  0.63  0.63 0.64 0.62 0.35
APF(¢c) 034 044  0.67 0.63 0.63

APF(a)  0.38  0.31 0.14 0.27 0.28
& APF(b)  0.63  0.64 0.64 0.62 0.46
APF(c)  0.33  0.46 0.60 0.63 0.61

®8 ERMMEHMBIIRERY

Tab.8 Displacement power factor for simulations and experiments

0cm 5cm 10cm  15cm 20 cm

DPF(a)  0.81 0.55  0.07 0.66  0.56

il DPFE(b) 1 1 1 0.93  0.92
DPF(c) 0.82  0.97 1 0.96  0.97
DPF(a) 0.85 053  0.06 055  0.54

Ml DPF(b) 1 1 1 1 0.84
DPF(c) 0.84 092 1 0.96  0.95

Bltestal

' .((:) 20 (’,r—nﬂ‘

18 #ipRERE
Fig. 18 Vector diagram of magnetic field
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