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PRACTICAL STUDY BY INTRODUCTION OF IMPEDANCE CONVERSION CIRCUIT IN PHASED ARRAY
WIRELESS POWER SUPPLY THAT ENABLES FOREIGN OBJECT AVOIDANCE
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Wireless power transfer (WPT) systems used for electric vehicles (EV) in parking lots have a problem of

abnormal heat generation of metal due to magnetic field absorption. Therefore, we created a system that

maintains high transmission efficiency while suppressing the magnetic field around metallic foreign objects.

However, there is a problem that the value obtained by the simulation is larger than the upper limit of the input

voltage that can be reproduced on the actual device. Therefore, we introduced a CLC matching circuit to the

actual device, which has the effect of lowering the input voltage while maintaining the input current value.

In this paper, we conducted a demonstration experiment to confirm whether the CLC circuit works as

theoretically in the 2:1 transmission circuit of the actual machine.

Key Words : Wireless power transfer (WPT), multiple transmitters, magnetic resonant coupling, coils

arrangement optimization, magnetic field suppression
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Table 1 Spiral transmission coil parameters
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Parameter Value Dimention
O 0, (6, + 0o, +0.)
Coil turn N ;o, ;6, ;2, ;0, 5;, 40: 34, ;s tum (Y; — a(8; + 8,)sin(6; + 6,)) (10)
CS;’L]:;};:” : $ 133[m] = Jng +17 +12 —2nrycos (6, — 6;) + A — B (11)
Coil Resistance R 0.25,0.34,0.61,1.00,1.23, 1.19, 122, 1.18 Q ,
S o = A = 21, {cos8, (X, — X3) — siné, (Y, — Ya)} (12)
Distance between Zi and Z2 7 mm B = 2‘]3 {COS&Q (Xl — Xg) — Sinﬂg (Yl — Yg )} (13)
— -1
6, [rad] = — 6, [rad] = — 14
Table 2 Spiral receiving coil parameters 1 [rad] 10 slrad] 10 (14)
Parameter Value Dimention
PR - M Fig 30 (x, vi, 20) & (xe, vs 29) [XTLX AT A DURSE
Coil turn N 30 turn ',C\‘;kbbf:Z] k Zq@qj‘t‘@_—ft%%, (X], Y]) k (X%’ Y?) 0?121 k Zg
C_(’ﬂ?iwhp 6 mm DFEFEZ, n & nl3 L LD %, rd3Z & L0 O
R " MOBME, a3z & LOREROERE, d) L dLIE,
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Table 3 Relative error of coupling coefficient

Distance[mm] Relative error[ %]
10 2.11
50 2.08
100 1.74
150 0.71
200 1.69
250 2.56
300 2.40
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Fig.4 Mutual inductance by distance
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Fig.5 Transmission efficiency by distance
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Fig.6 Calculation of magnetic field of Z2
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Fig.7 Magnetic field calculation points

r= [HZ+H;+H; (19)
H.
8= AI‘CCOSJ,*% (20)
VH; + H} + Hj
X
@ = sgn(Hy)Arccos ———— (21)
Y [HZ + HZ
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Table 4 Relative error of the magnetic field

of the power transmission coil

parameters mesurement IMAG relative error[ %]
Pointl (50,50,44) (mm)

r [A/m] 127.247 125.216 1.622

0 [deg] 8.325 8.680 -4.094

¢ [deg] 45.106 44.893 0.475
Point2 (100,-100,44) (mm)

r [A/m] 145.824 143.653 1.511

0 [deg] 28.445 28.763 -1.105

¢ [deg] -45.043 -44.970 0.161
Point3 (-150,-150,44) (mm)

r [A/m] 118.758 121.504 -2.260

0 [deg] 59.484 60.265 -1.296

¢ [deg] -135.009 -134.848 0.120
Point4 (-200,200,44) (mm)

r [A/m] 75.952 77.126 -1.522

0 [deg] 100.781 103.877 -2.981

¢ [deg] 134.995 135.112 -0.087
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Fig.8 Ideal placement of spiral Tx coils
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T AHPHEL Z LA Wyax DD Wi \AEZE D S TS, T
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NALNDYI 2 b—3 97385 A—% % Table. 6, A%
ATGNAALNDYIal— g 8T XA —HF% Table. 7
HRT.

Table 5 PSO parameters

Parameter Value
Coil arrangement  Phase and Amplitude
Number of paraicles 200 200
Number of loops 200 72
Inertia factor W max 0.6 0.6
Inertia factor W min 0.3 0.3
Weighing factor C 1 2.0 1.0
Weighing factor C 2 1.5 1.7

Table 6 Helical coil simulation parameters

Parameter Value Dimention
Grid Spacing of Evaluation Plane dLEv 100 mm
Side Lengths of Evaluation Plane LEv 1000 mm
Grid Spacing of Tx Spiral Coils Arrangement 10 m
Plane dL 7x
Tx Coils Arrangement Plane dL 7x 400 mm
TX-RX Gap h re 150 mm
Frequency f 85 kHz
Coil Radius a 150 mm
Coil Turn N 70 turn
Coil Resistance R 5 Q
Tx Coil Capacitance C 2.26 nF
Load Resistance Z L 50 Q
Load Power P rx 11 kW
Efficiency Lower Limit value nlimit 85 %
Number of Tx Coils 1,5 number
Weight of Magnetic Field Strength a w 0.9
Table 7 Spiral coil simulation parameters
Parameter Value Dimention
Grid Spacing of Evaluation Plane dLEv 100 mm
Side Lengths of Evaluation Plane LEv 1000 mm
Grid Spacing of "ll;)l(aizlcr;l 7(-"3‘01ls Arrangement 10 m
Tx Coils Arrangement Plane d[ 7x 400 mm
Tx-Rx Gap /4 re 150—218 mm
Tx-Tx Gap gTx 10 mm
Frequency f 85 kHz
Tx Coil Inductance L 1 1.55 mH
Rx Coil Inductance L 2 0.15 mH
Tx Coil Capacitance C 1 2.26 nF
Rx Coil Capacitance C 2 23.7 nF
Load Resistance ZL 50 Q
Load Power P Rrx 11 kW
Efficiency Lower Limit value #/imit 85 %
Number of Tx Coils 1,5 number
Weight of Magnetic Field Strength a w 0.9
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Fig.9 (a)Color map and arrangement (b)Efficiency
color map of magnetic field distribution with 1 helical
power transmission coil
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Fig.11 (a)Color map and arrangement (b)Efficiency
color map of magnetic field distribution with 1 spiral
power transmission coil
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colormap of magnetic field distribution in ideal
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Fig.13 (a)Colormap and placement (b)Efficiency
colormap of magnetic field distribution in practical
placement with 5 spiral power transmissions coils
Tx1:(-60,130,0)mm, Tx2:(-190,100,-17)mm, Tx3:(-40,-130,
-34)mm,Tx4:(150,-60,-51)mm, Tx5:(130,80,-68)mm

£7 Fig. 9, Fig. 10 L0~V BV Tx 2 A V& HOTRER
VEAZAR - PRIE - Bl 2 B k35 2 & CRESIHIZ R A
BEDZENMEREINTZ. AU DNV Tx AL 1 DIZHR,
5 B DA DBLFSRFERSTNIIAT 85%, RS KAEIZH 95%
DOWEFAMBB B MR Sz, Fig 1LIRTH—0 =28
AT Tx AL E Rx A AR LT —iERI 7 iR C
&, A VTR TH 5 FUSAHL CORERBRE B FR R &
7o TRY, BRBRENKRKERD 4 L TOMIT
3.48[kA/m] THo7-. ZTHITK LT, fixbBESAINHIEh 5
DE P> 7= Fig. 12 1IRT 5 HD AL T )L Tx aA V&
JHN 7= BB A 22 B0 Tl 85%LL DR A HERF LoD, A
2L FIVTx A VD 1 DDA SRR TR
99%, SR RAEITHT 60%DBEFINHI N EATR ST,
AL T af VBT BbaAf b FREORSR
MR REE SN, ATk LT Fig. 13 127 T 5 @D
AR T Tx 2 AV E O EAR R E TR AL T
JUTx A LS 5 EOEA ORISR FEERTNIE 23088 [A/m]
TH VBRI AT 2597 [A/m] THoTZ. ZOFRLD



AL T Tx A VN 1 DOBGEIT LSRR RN
9 TT%, B SR A ITH 29% DREFANHI B B AR S v,
FUSAHEORBREZMHE TE oL LTELLN
5ZLF2o85%. 1 DHEMNEERRIC LS PSO ORI T3k
BIRNT L L, 2 DN IR KRB RBREE NEH LT
WBANY DL A TS TASA T )L aA JWFEE D
SRR NFAET D720, BEREMHI LIz <
ol EZTND.

6. 2xt1 OFEHEER

AL TV Tx aA V% ARG, AfES % 50mW
WICRRE LT 7 0 77 Ao NJJEEOIRE - AARZRD 5.
L LBRESNEANBETZaANTHEZEELLRVE
EERELTWAED, Fvaxa—7FTRHELZAS
BIE BT A LR TE 0. 207, IEiEMkERIL
AP HRN 2 EIE - EROMBOHE BT, RERO
HIX7 0 77 LAOFEN L/ LI ANEEOEE -
NFEZ R CHELL C, ZEEIMEVED O 50mW (27
STVNEDONEI NEBETLHZ L THD. E=A LD
%/8T A—H % Table. 8 IZ/Y. F£7- EEaA L ONE
L, BAERBEOEHREMIAARE T v 7T KO
RTHLENNELE, ANNEWR, A4 E—F 22D
% Table. 9 |Z7%7". Tx1-Tx2-Rx ® =1 A LA E % Fig. 15
R, EOR R L LTspice TEMBHEERLI-HRELY
Table. 10 {27~ 7.

Table 8 Spiral coil simulation parameters
Resistance [Q] Inductance [H]

Capacitance [nF]

Txl 5.28 1.58x1073 2.23
Tx2 4.72 1.59x10° 2.21
Rx 0.88 1.51x10™ 23.2

Table 9 Transmission circuit parameters

Tx1 Tx2
Real part 30.11 25.75
Input Inpedance [Q] Imaginary part  107.46 69.92
Absolute value 111.60  74.51
Real part 1.46 0.90

Imaginary part ~ -4.48 -3.80
Input Voltage [V] Aty p

Absolute value  4.71 3.90
degree [°] 288.05  283.32
Real part -35.11 -43.63

Input Current [mA] Imaginary part -23.42  -28.92
Absolute value  42.20 52.34

(Left: Tx1 Center: Rx Right: Tx2)
Fig 15 Coil arrangement of Tx1 * Tx2-Rx

Table10 Output voltage currentvalue (Actual/LTspice)

Voltage Current Load Power Load Power
p-p[V] p-p[mA] [mW] Relative error[%)]
Actual Machine Test 4.42 88.84 49.07 2.03
Simulation Using LTspicc  4.48 89.52 50.09
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Table 11 CLC Matching Circuit and Input Voltage
Parameters
Tx1 Tx2
Capacitance[nF] 16.06  16.71
Csli
Resitance[Q] 0.8580  0.6980
Inductance[ puH] 110.7 102.3
Lp Resitance[Q] 1.521 1.707
Anti-Resonance
Frequency [kHz] 256.8  396.9
Capacitance[nF] 9.307 12.15
Cs2
Resitance[Q] 3.020 2.050
New Input Amplitude [V] 1.637  1.878
Volt
OME phase [deg] = 7472 74.59

BB GA, FERFEROLS, EANREAED 3 20
fEE % Table. 12 1257,

Table 12 Parameters of Output Voltage/Current/Power

Output
Voltage Current Load
p-p[V]  p-p[mA] Power
Ideal Simulation 4.45 89.00 49.53
Practical Simulation 3.67 73.46 33.74
Actual Machine Test 3.10 60.49 23.45

Table. 12 L U FEREEBROANRENINTHRITIEZ BIE LTz
LD BIEKLS o TVBZERSNDE. 6. D251 DOFE
BEEBITIZITEGREBE Y O R TholcZ 2 n, T
EOFNIT CLC BARKIZHD B2 6ND. FRTHNE
HPUCEMR L TV 5 S HERIT 5.
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