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This study proposes and analyzes low-radiation-noise wireless power transfer (WPT) systems with active shielding.

Current flows on the additional windings (canceling windings) around the WPT coils with power supplies are used to

cancel the magnetic field generated by the WPT coils. The RMS values of the current flowing in the canceling

windings are compensated by the active shielding from the utilization of the short-circuited canceling windings to

achieve a zero magnetic field. As a result, a 1-kW transmission power and radiation noise reduction of 39.5 dB is

achieved with the proposed active shielding. The error between the estimated and measured current RMS is 6.2% at

the lowest magnetic field. In addition, it is found that the transmission power with the proposed WPT system

cancellation method is increased by the magnetic field reduction.
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Fig. 1. WPT coils and active shielding.
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Fig. 2. Self-inductance and coupling coefficients of each winding.
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(b) Side view of overall WPT coils.
Fig. 4. Prototype of WPT coils.

Table 1.  Electric and magnetic parameters of WPT coils.

Parameter Value
Self-inductance of main windings L 580 pH
Inductance ratio o 0.187
Coupling coefficient km 0.275
Coupling coefficient k¢ 0.229
Coupling coefficient kad 0.185
Coupling coefficient ksu 0.267
ESR of main windings r'main 1.03Q
ESR of canceling windings recancel 0.192 Q
Number of turns of main windings Nmain 51 turn
Number of turns of canceling windings Ncancel 20 turn
Permeance of main windings Zain 2.23X107H
Permeance of canceling windings ZZancel 2.71X107 H
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A: Measured coupling coefficient
B: Calculated equivalent coupling coefficient ke
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(b) Equivalent coupling coefficient.
Fig. 5. Parameter variation of WPT coils at view point of
inverter or rectifier.
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. Table 2. Experiment conditions.
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Fig. 7. Simulation model of WPT coils and measurement point.

A

Table 3. Vectoral transfer functions at measurement point.
Parameter Value

Vectoral transfer function h; of winding #1 A main€r+ hZmaine;
Vectoral transfer function hz of winding #2 hrcanceter+ hzcanceie:
Vectoral transfer function hs of winding #3 -hFmain€r+ hZmaine;

A0=0deg.) \ZB1T D, mE= A VEFHOBFBE L RT, Vectoral transfer function hs of winding #4 ~hrcancoter+ hzeanceie:
72720, F ¥ v aA VBBRIEOBEENL, HIlkORE Vector component hzmain -2.43%1073 /m
Vector component hzcancel -6.70X 10 /m
i (1=3.9120° A, L=0/0" A, 5=280/-93.6" A, RMS ratio Kam 2 1.22
. Vector component hrmain 3.04X10° /m
L=0£0° A) ZHWr, EEZEATLZ LT, AIES Vector component hrcancel 6.30X10*/m
RMS ratio Kamp r 0.886

72T TR, BEaA A LEENT-EROB R IRE S KIF
AR T %, H B/, 1 v aA VBERCR LTk
ot % 40dB, ¥ ¥ b3 A VEEERHIXR L TR L% 20dB O

*The measurement point of the magnetic field is shown in Fig. 7

P, fREFENTH LT/ NS W, IRIREE S RN & 70 D 5

IRIHBEFURBN R T TE D, 1 (Kamp = 1.22, A0=0deg) DL %, P=10.0W, Ps=-5.99 W
Fig. 10 (T, Kamp LAOEEZ T L&D, FHBBOFET) Thd, LMo T, LMK, BMERITE D EREC

TR, BREIE, SEMOER & EE O RAR RS HFHEL TN L EHERTE D,

FVHE L, ¥l a s VEROETICE - T, 323& (4-4) TFHOT4TV—=LT 4 oI ERBORBEE

BOBEEINENT D, —FFT, 40=0deglZBT D P, Fig. 6 DRBRIEIEIC T, Kamp ZEZ T2 L X OERM, B
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Fig. 8. Estimation of Magnetic field with simulation.

Central axis of circular WPT coils
! Recei

. Cent[?l axis of circular WPT coils
ving coi '

Central axis of circul?r WPT coils

RMS value of
magnetic field A/m
IlOOO
100
10
1
0.1
0.01
Transmitting coil 0.001
(a) Open canceling windings. (b) Kamp=1.0and 46= 0 deg. (c) Minimum H (Kamp = 1.22, 46= 0 deg.).
Fig. 9. Magnetic field H around WPT coils.
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(c) Input power P2 to winding #2.

(d) Input power P4 to winding #4.
Fig. 10. Power of each winding.
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(b) Waveforms at short canceling windings (V2 = V4 = 0).
Fig. 11. Operation waveforms.
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(b) Waveforms at minimum measured magnetic field H; (Kamp = 1.30).
Fig. 12. Current of each winding.
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(b) Short canceling windings (V2 = Va4 = 0).
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Fig. 13. Spectra of magnetic field H,.

Short (Vz =V,= 0)

[ Calculated condition of zero magnetic field
Sk (Kamp 2 = 1.22)

10}

Magnetic field of z-axis componet dBuA

_ L 1 L 1 L 1
1%.6 0.8 1 1.2 14
Ratio Kan, of current RMS of winding #2 and #4
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Fig. 17. Efficiency of overall WPT system.
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D: Copper loss of winding #4
E: Iron loss of femite cores
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