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EMF Reduction with Compensated Current RMS Based on Short Canceling Coils for Wireless Power
Transfer Systems

Keita Furukawa , Student Member, Keisuke Kusaka , Member, Jun-ichi Itoh , Senior Member
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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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(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 nH
Inductance ratio a 0.187
Coupling coefficient kw 0.275
Coupling coefficient ke 0.229
Coupling coefficient kag 0.185
Coupling coefficient ksun 0.267
ESR of main windings rmain 1.03 W
ESR of canceling windings rcancel 0.192 W
Number of turns of main windings Nmain 51 turn
Number of turns of canceling windings Ncancel 20 turn
Permeance of main windings Pmain 2.23x 107 H
Permeance of canceling windings Peancel 2.71x 107 H
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2
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Fig. 5. Parameter variation of WPT coils at view point of
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Table 2. Experiment conditions.

Symbol Value / model number
Input DC voltage Vin 300 V
Output DC voltage Vou't 295 V
Open (I2 =14 =0): 390 V
Rated output power Pout 1 kW
Switching frequency fs w 83.3 kHz
Angular frequency w 5.24x 105 rad/s
Dead time Taead 250 ns
Resonant capacitors Csi, Co 630 nF
Open (I2 =14 =0): 6.69 nF
MOSFETs S1 -S4 SCH2080KEC (ROHM)
Diodes D, —Ds | SCS220AE (ROHM)
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Fig. 7. Simulation model of WPT coils and measurement point.
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Table 3. Vectoral transfer functions at measurement point.
Parameter Value
Vectoral transfer function hi of winding #1 h #a et h Zaen
Vectoral transfer function hz of winding #2 h¢an@eh Zan&el
Vectoral transfer function hs of winding #3 -h #a @t h Zaen
Vectoral transfer function hs of winding #4 -h fan@&ih Zan&el
Vector component hzmain -2.43% 103 /m
Vector component hzZzancel -6.70x 107 /m
RMS ratio Kamp z 1.22
Vector component hrmain 3.04x 10 /m
Vector component hrcancel 6.30% 10*/m
RMS ratio Kamp_r 0.886
*The measurement point of the magnetic field is shown in Fig. 7

P4

Kamp 1.22 Dg=0deg. P.=10.0W P4=-5.99 W
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