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Design of Ferrite Wall Structure for Leakage Magnetic Field Reduction in a
Wireless Power Transfer System with a Bipolar Magnetic Coupler
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Abstract

In this study, ferrite wall structures are proposed for reducing leakage magnetic field in a wireless power transfer system with a
bipolar magnetic coupler structure in the form of a ferrite core inductor. In the proposed framework, the magnetic field of the
transmitting coil remains on the ferrite wall, and the leakage magnetic field is minimized. However, when the magnetic field of the
transmitting coil is induced in the ferrite wall, the mutual inductance and coupling coefficient decrease. Therefore, in this paper, the
height of the ferrite wall structure is adjusted to minimize the decrease through simulations based on the reluctance circuit model. The
performance of the proposed structure was verified through simulations and experiments. The simulation results indicated that the
magnetic field leakage effectively decreased with an increase in the height of the ferrite wall structure. The results of experiments
demonstrated that although the power transfer efficiency of the framework with the proposed ferrite wall was 3.6 % lower than that
of the framework without the ferrite wall, the corresponding leakage magnetic field was reduced by more than 60 %.
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Table 1. Simulation setpup for bipolar magnetic couplers.

Parameters Value
Simulation frequency 85 kHz
Diameter of wire 2.85 mm
Turns of coil 14 turns, 1 layer
Permeability of Ferrite 3,200
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30 433 1.9 0.044
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voltage of RX
(X mm) o current current
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0 (Without ferrite wall) 7.86 A
10 9.60 A
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Fig. 9. Two observation points of leakage magnetic field
according to the height of the ferrite wall structure
(ZX plane, ZY plane).
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bipolar couplers.
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Fig. 13. Bipolar coupler with ferrite wall structure.
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Table 4. Electrical parameters of bipolar coupler with or
without ferrite wall structure.

X=0 mm
Parameters Height of ferrite wall | X=10 mm
(X mm)

Self inductance (L;, L) 183 p¢H 264 p1H
Resistance of coils (R, R») 60 mQ 71 mS
Mutual indgctance between 355 uH 3 uH

coils (M)
Coupling coefficient 0.19 0.11
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Table 5. Circuit parameters for 40 W class LCC-S topology

WPT system.
Parameters (Witho)lit ofern:irtrel wall) X=10 mm
Operatl;lriqir;ic;esonant %5 kHz
Target induced voltage of 20V
RX rectifier input
Target TX coil current 10.5 A 125 A
TX series inductance (Ls) 8 1H 6.7 ¢H
TX parallel capacitance (Cp) 440 nF 520 nF
TX series capacitance (Cs) 340 nF 160 nF
RX series capacitance (C,) 190 nF 130 nF

Oscilloscope -
| (KEYSIGHT - MOGR series) |
- Power analyzer
(YOKOGAWA - WT1800E)

g

DC power supply

(PWRSO00L) Z Electronic load
(KIKUSUI- PLZ1004W)
TX inverter and WPT RX rectifier and
resonant network couplers resonant network

(@ A A3 A4

(a) Aerial view of the experimental setup

| Antenna for EMF
measurement
rda ELT-400)

o i
(b) 2717 =74 A4 (200 mm)
(b) Magnetic field measurement setup (200 mm distance)
a8 14, 54 AZHE o183 43 W i WPT AJ2H)
A48 A4
Fig. 14. Experimental setup for 43 W class WPT system
with bipolar couplers.

412 T

705 % 70

~

1.68 uT 65

Magnetic field [uTesla]
w

[o2)
o
[95] Aouaidlys Jsjsuely Jamod

WO Ferrite wall  With Ferrite wall
(X=10mm)
8 16, 454 75 #2858 7= WPT Al2" 9
dAetolE A FF wWE AYAE &8
(DC to DO A7 54 At
Fig. 15. Power transfer efficiency (DC to DC) and
magnetic field measurement results according to
the presence or absence of ferrite wall stru-
cucture in a bipolar coupler WPT system.
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#6.40 W WPT Al2HS] §f, &9 s 9 49
Table 6. Voltage, current, and power of input and output
of 40 W class WPT system.

Parameters (Wi th())l(lt (}ernrlirtt wall) X=10 mm
Equivalent load (Ripuq) 10 Q
Input voltage (Vi) 50V 50 Vv
Input current (7;,) 1.16 A 1.22 A
Input power (P;,) 58 W 61 W
Output voltage (Vu) 207 V 20.1 V
Output current (1) 215 A 2.14 A
Output power (Poy) 43 W 43 W
WAE o R Aolgith mE, B 40 WOl HEo] dd
Hlom, A Ak AR, 123 AEg % 6ol ¥
AlEo] et 1" 15914 & ¢ d%ol, WPT A|2" 59
AYAE a&0] 741 %l A 705 %= 3.6 % HAeHA=
Hl, ol& & 4004 & 5 %ol A3 YR s A9
T7F sk gEolth e AYH st AgA S 7
AE Qe ® 59 o] 22 g AYE M= A
F7F S7kstedok sheEl, o] Wl AHARIF S8
. AR 3.6 %0 A T& AR oF 60 %] A

A7 a7k Pk
4 A w4 AL 2
oA B4 Al T2 AY g,
A1BOZ Qe Skl £40] Wslal Eibol ofsl
= 59 wgol ZARED AW, IRy B
AeolE A4 F2E A 99 AR &
A5 gobH B PAE ALBHUAE, A13S &

SHoE A & geld 1 B840l S Atk

V.2 B
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A7\ ge) ok
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Zlo|E Aoz
SHAEE TX T
& A Hghe]
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