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Omni-directional wrap-around active magnetic shield structure with high
efficiency and low magnetic leakage for wireless power transfer systems
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Abstract; In the wireless power transfer (WPT) system of electric vehicles, it is a difficult problem to reduce the magnetic leakage and
maintaining a high transmission efficiency through electromagnetic shielding technology. In this paper, an omni-directional wrap-around
active magnetic shielding coil structure is proposed to reduce the magnetic leakage in the WPT system. First, the magnetic shielding
principles and design rationale of this structure are analyzed, and the mathematical model of the structure is derived. Secondly, a method
of coil optimization is proposed according to the high efficiency and low magnetic leakage characteristics of the coil structure, and the coil
parameters to meet the design requirements are obtained. Finally, based on the obtained coil parameters, a WPT system based on the
proposed structure is constructed, the reasonableness of the structure and method is verified by simulation and experiment. The results
show that, the maximum magnetic leakage of the target surface is 3. 76 wT at a transmission power of 4 kW when the proposed structure
is offset by 0 cm, which represents a 43. 63% reduction compared to an unshielded structure, and the transmission efficiency is as high
as 95.58%. At the offset of 10 c¢m, the maximum magnetic leakage on target surface is 6.03 wT, which still complying with the
magnetic leakage safety standards. And the transmission efficiency is 92.92%, which is higher than the same-sized passive shielded
structures and traditional active shielded structures.
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Table 4 Magnetic leakage theoretical, simulation,
measured value and magnetic leakage error rate of the
receive coil along the Y—axis without shielding
B /eom  B/plT  B/ul  B/uT /% &/%
0 6.95 6.73 6. 67 0.85 4.13

2 733 734 724 L31 118
4 7.88  7.80  7.65 197 3.00
6 8.62  9.21 9.0l 214 4.30
8 9.74  9.66  9.27 422 512
10 11,26 11.44  11.26  1.61  0.05
R5 TRFHRAZEWLESD Y HREELR,
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Table 5 Magnetic leakage theoretical, simulation,
measured value and magnetic leakage error rate of the
receive coil along the Y—axis with passive shielding

WBEE/om  B/pT  B/ul  B/ul  e/% &./%

0 3.99 3.96 4.05 2.29 1.53

2 4.31 4.55 4.46 1.99 3.23
4 4.80 4.85 4.71 2.94 1. 84
6 5.49 5.47 5.41 1.20 1.44
8 6.55 6. 68 6.39 4.57 2.50
10 8.00 8.28 7.92 4.51 1.03
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Table 6 Magnetic leakage theoretical, simulation,
measured value and magnetic leakage error rate of the
receive coil along the Y—axis with traditional active shielding

BB /cm  B/uT  B/pT  B/plT  &/% &/%

0 3.89 4.03 4.06 4.19 0.74
2 4.15 4.27 4.21 1.43 1.43
4 4.56 4.77 4.53 0. 66 5.30
6 5.22 5.44 5.34 2.25 1.87
8 6.23 6.48 6.31 1.27 2.69
10 7.73 7.77 7.69 0.52 1. 04

R7T OWAMS ZHRZIGLES ¥ HMR#IEIL,
FE . ZREMREIRER
Table 7 Magnetic leakage theoretical, simulation,
measured value and magnetic leakage error rate of the
receive coil along the Y—axis with OWAMS shielding
EHE/cm  B/wT  B/pl  B/pl  &/% e/%

0 3.77 3.85 3.76 2.01 0.27
2 3.95 3.97 3.88 2.31 1.82
4 4.24 4.39 4.33 1.26 2.24
6 4. 66 4.69 4.64 1. 09 0.35
8 5.32 5.52 5.44 1. 60 2.21

10 6.25 5.97 6.03 1.00 4.36
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different shielding conditions
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92.92% , Mt FALH R RELERSTE 95% VA |, BitE. REMKRE
x8 THRMmATEKLED Y MERNERERE., Table 11 Theoretical value, simulated value and measured
FEEMIKE value of receive coil transmission efficiency along
Table 8 Theoretical, simulated and measured values of Y-axis with OWAMS shielding
transmission efficiency of the receive coil along MBI/ cm /% n./% n./%
the Y-axis without shielding 0 96.95 96. 64 95.58
TRiFBHE B/ om /% 0./ % 0./ % 2 96.91 96. 59 95.15
S B TR S S U
2 97. 54 97.32 95.90
4 97.15 96. 90 95.32 8 96.06 95.71 93.83
6 97.23 96. 89 95 14 10 95.35 94. 98 92.92
8 96.91 96. 62 94.93
10 96. 58 96. 42 94. 16 991

%9 TERREMBUEER Y HENREDLE, o =
hEEMXEE 95_
Table 9 Theoretical value, simulation value and measured ég 4

value of transmission efficiency of the receive

93} .
coil along the Y-axis with passive shielding ol _:ﬁggz
I S/ cm n./% 1./ % 1./ % 91F —A— LRy,
0 78. 54 77.28 77.78 9oL . . . . .
2 77. 84 77. 46 75. 80 0 ? Yy / cm6 s
4 73.96 73.58 71.65 (a) TEBEM T HIPEHIROR
6 67. 66 67. 31 66. 10 (a) Transmission efficiency without shielding
8 58. 66 58.31 55. 86 90
10 47.00 46.70 44.35
80|
£10 (EHERRRAHENLERT Y HEH ol
HEERE FEEMILNE £
o
Table 10 Theoretical value, simulation value and measured 60+
value of transmission efficiency of the receive —a—EREy,
. .. .\ . S 501 —o—{h ¥y,
coil along the Y-axis with traditional active shielding A Sy
TRAEHE B/ cm n./% n./% n./ % 40— . . . . .
0 94.25 94.21 91.96 o e
2 94.22 93. 89 90. 95 (b) TCURBF R T AL AR
4 93.75 93.43 90. 30 (b) Transmission efficiency under passiveshielding
6 93.12 92.78 89.01 99+
8 91.67 91.32 88.33
10 89. 30 89. 19 86.01 96+
93}
P, ETC A R B0 T, SE 5015 OWAMS 2544 44 g
RORAEIR ] 95.58% . 1E S HI[FHE B I, OWAMS 4 " 90}
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(c) Transmission efficiency under traditionalactiveshielding
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Fig. 14 Transmission efficiency under

different shielding conditions
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