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Abstract: In the electric vehicle wireless power transfer ( WPT) system, the magnetic shielding effect is often at the expense of
transmission efficiency. Reducing magnetic leakage and improving transmission efficiency are the difficult problems. Therefore, a new
strong coupling magnetic shielding structure is proposed to reduce the magnetic leakage of the system. Firstly, a strong coupling magnetic
shielding coil structure is proposed. Based on the proposed shielding coil structure, the characteristics of system magnetic leakage and
transmission efficiency on the impedance of shielding coil are analyzed. Secondly, a magnetic flux leakage optimization method is given.
Using the proposed optimization method, the coil parameters that meet the design requirements are obtained. Finally, according to the
obtained coil parameters, a wireless charging system based on electric vehicle with magnetic shielding structure is developed. The
effectiveness of the proposed structure and method is verified by simulation and experiment. The results show that the proposed new
strong coupling magnetic shielding coil not only effectively reduces the magnetic induction intensity of the system by 28%, but also
improves the transmission efficiency by nearly 4%.
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Fig. 1 Magnetic shielding structure diagram
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Fig. 2 Equivalent circuit diagram of two coils
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Fig.3 Equivalent circuit model of three coils
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Fig.4 Schematic diagram of magnetic field weakening phasor
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Table 1 Turns and dimensions of each coil of the system
AR %K Wik /em MK /em  LBEEE/cm
R 25 23.00 42.20 0.00
e 15 27.00 38. 20 15. 00
e di] 10 17. 00 25.82 12. 00
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Table 2 Part system parameters without shielding

BB /em /A L/A  B/uT /% R, /Q

0 20.97 8.41 32.78 98. 46 56. 50

2 21.12 8.41 32.94 98. 44 56. 50
4 21.62 8.41 33.48 98.37 56. 50
6 22.51 8.41 34.42 98.25 56. 50
8 23.79 8.41 35.83 98. 06 56. 50
10 25.75 8.41 37.97 97.76 56. 50

*3 HFREHHRFZERTHRISEH
Table 3 Part system parameters with shielding
W E/em  I,/A  L/A  L/A  B/uT /% R/Q
0 11. 83 18.83  8.41 23.48 99.22 56.50

2 11.94  18.83 8.41 23.56 99.21 56.50
4 12.26  18.82 841 23.79 99.19 56.50
6 12.81 18.78 8.41 24.19 99.14 56.50
8 13.61 18.73  8.41 24.77 99.07 56.50
10 14.68 18.66 8.41 25.57 98.96 56.50
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Fig. 11  Experimental platform
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Fig. 12 System framework diagram
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Table 4 Measurement parameters of coil

ELCAN YRR H1E
L,/pnH R ) B & 311.50
L,/pH S i 2% B 1Y) IR 38.48
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Table 5 Magnetic field calculation, simulation, measured

&

(26)

value and magnetic field error rate of the system

along the Y-axis without shielding

EM®/cm B/l BJ/pT  BJ/uT  &/% /%
0 3278 33.13  31.31 1.06 4.69
2 32.94  33.60  31.56 1.96 4.37
4 33.48  34.10  32.35 1.82 3.49
6 34.42  34.68  33.01 0.75 4.27
8 35.83  36.73  34.34 2.45 4.33
10 37.97  38.15  36.08 0. 47 5.24
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Table 6 Magnetic field calculation, simulation, measured
value and magnetic field error rate of the system

along the Y-axis during inductive shielding

M /cm B/l BJ/pT  BJ/uT  &/% e/%

0 13.15 13.78 12.33 4.57 6. 65

2 13.12 12.75 12.12 2.90 8.25
4 13.02 12. 46 12.01 4.49 8.41
6 12. 89 13. 40 12.27 3.81 5.05
8 12. 80 12.76 12.24 0.31 4.57
10 12. 84 13. 46 12.55 4.61 2.31
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Table 7 Magnetic field calculation, simulation, measured
value and magnetic field error rate of the system

along the Y-axis during capacitive shielding

IS /cm B/pnT  B/pT  BJ/uT  e/% e/%
0 23.48  24.10  24.39 2.57 3.73
2 23.56  22.46  24.47 4.89 3.71
4 23.78  24.67  24.27 3.61 2.01
6 24.18  25.17  24.79 3.93 2.46
8 24.77  24.59  25.56 0.73 3.09
10 25.63  26.35  26.04 2.73 1.57
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Fig. 14 Magnetic flux leakage under

different shielding conditions
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Table 8 Theoretical, simulated and measured values of
transmission efficiency of the system along

the Y-axis without shielding

RS I/ cm n./ % n./% n./ %
0 98. 46 97. 54 97.13
2 98. 44 97.52 96. 98
4 98. 37 97.32 96. 42
6 98.25 97.08 95. 86
8 98. 06 96. 76 94. 80
10 97.76 96. 32 93.00

F 9 R TR B s 0 15 S OR b I S 1 AR 4k
AMER , T BRkk B A A 0 RE S, R ACR
TR DR A B E W TR, TR MBI 0 cm B, S
FERIRCRMAL 54. 56% , TN W B ASAETH 2 WPT R4 5E
TR TR

F9 BMERERMREG Y MEHENERERE.
HEEMENE
Table 9 Theoretical value, simulated value and measured
value of system transmission efficiency along Y-axis

during inductive shielding

TR P ES/ cm n./% n./% 1./ %
0 55.36 54.89 54.56
2 55.34 54.83 54.55
4 55.20 54.67 54. 46
6 54.94 54.51 54,32
8 54.49 54.02 53.74
10 53.74 53.19 53.00
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Table 10 Theoretical value, simulation value and

measured value of transmission efficiency of the system

along the Y-axis during capacitive shielding

RS I S/ cm n./ % n./% n./ %
0 99.22 99. 02 98. 81
2 99. 21 98. 85 98. 62
4 99. 19 98.59 98. 42
6 99. 14 98.43 98. 10
8 99. 07 98.21 97.61
10 98.95 97.82 97.00
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