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Basic study of power receiving power enhancement using vertical and
horizontal magnetic fluxes in ground-side coil arrays.

Kosuke Yoneda, Student Member, Takehiro Imura, Member,
Yoichi Hori, Fellow (Tokyo University of Science)

In recent years, electric vehicles have attracted a lot of attention, of which wireless power transfer during driving has been
actively studied. However, as the number and length of power transfer coils are limited, it is required to stably receive more
power in the limited power feeding section. In this study, a new method is proposed for DWPT systems, in which the horizontal
and vertical fluxes are received by switching the receiver coils in order to get power over the entire feeding section. As a result,
it is verified that the proposed method produces the highest amount of power compared to the other eight combinations of coil

connecting methods assumed in the simulation.

F—T—F: ULV LRRE, BT UA YL ARE, TR, ATROK

Keywords : wireless power transfer, dynamic wireless power transfer, Vertical magnetic flux, Horizontal magnetic flux

AR MBI R DT DR A MBIR EIEE 2

1. _
FF RN, FZ T, AR TIE DWPT O AT AIBWT, %

E-2

=Ry =a— b NTNVEERTHIHOIZ, BEREBH
(EV : Electric Vehicle) 2MEH ZHEH TS, LL, EXHA
AT RBRRORE IOy T ) —0FMm, NvT UV —0D
a R R ERBEREIN TS, TORMBEICR LT, EfT
DA ¥ L X (DWPT : Dynamic Wireless Power Transfer)
DIFFENEEANATOI TN D, ETH VA ¥ L ARER,
HERRICHER SN TV DAEBE A L(—RAN D BB BLICH
WENTWDZBEI A (AT T A ¥ L AT
BNy TVERETHENI DO THD, DWPT BNFEH
fbEadud, ket OER., Ny 7 U /MK & 5 H
RoRBEAMEF TS, LrL, DWPT OEA{IZIX
Bex pdERH Y, TDOHIBHLO—2: LTZEEOME
NZET BN 5D, DWPT TIHBERICHEG I TWA kB A
NN BNEZITED, LML, BB LOMEHELES
IR NH D720, ZDOROLNTZHERM TEEMITLD
2L OENEZTIMD Z EBRROBND, AT T,
EE A NBOMHREEEFUWET L7201, kAL~ LT
aAfNVERNT, EBIAAVOBEFEETRTHIET
MEREHR & AP R R AESEHREBERMEARTLE LLE
NEBET 2 IEORRFINTOD R, LT aA LT

BaAANEGVEZ D 2 L TKERHR & TEERE A2 TR
D, HMEXBEAK CENEZTWDH -2 FIEERETS
B BRETAHAFETEHRA S I 2L —Y a3 2L W KREET
50

2. HIEME

{(2-1) DWPT IZDW\T AT HAT 5 12Tz - THE
ELTETRHYA ¥ L AKEY AT L% Figl 77,
DWPT (ZITERITHFR Sz n [HOXE A A5 HITHE
HEINTZEIANICTA YL RABEEITH,

REIAN

EEI
=

Fig. . DWPT DA A —K



(2:2) BELTWLS DWPT Y RFL  ARIFETIE
Fig.l ® X 9 2FMAEFT D DWPT IZOWTHHT 5,
DWPT ([ZIIRA LIRS AR ESHHIATWS, F
7o, BER RIS FNTHWD a4 Mz oD Ttk 7o
KPR ENTNDHO0DR - a X NOBlLENGRFE=aA
JU(CR =A /L : Circular Rectangular coil)& % 7/ D =A b
(DD = A /L : Double D coil iZ DWW THEETT %,

(2-3) A NUBAKICEITHHERSFE  Fig2,3 1 CR =
AV, DD A )LOREEE MR Z7RT, Fig2,3 R T &9
(2. CR A /VITEERERZ, DD =2 A /UK & fE A
THEIEFHEINTND, 2FV, CR A WVITKERE
WEFEATET, DD A /MIEBEMKR /A TE RN
LR bns,

(a) CR = AL (b) BB
Fig. 2. CR A )L OiE L i

(b) A AR

(a) DD =A )b
Fig. 3. DD A /L Ok L

<2-4> EEANNUIEHRBOZEETHEME  Figd I

KEIAN2ME, ZEIAAN I EOEEDZEEIDA A
— VR ERT, B G D EE A NVOBEONFEEILWNL
HWTHD, 0. ZEIA DKL Figd X CR =1 L,
Fig.5 13X DD 24 LV Th D, Figd lZRT LI, CR 21 /L
VKRR DS F A LT D X T 163*7775)*%{%5( IZ% 5. DD
A NV CIEEERE A REAE LTV DR TIEE DN A
HEHTWDZ Enbhd,

A W]

(a)i%%E = A /W(CR)-Z'E =2 A II/(CR)U)"“EE”?EjJ
(Table 1. ®IZHHZ)

JEEmEAuw]

"o ]
(b)%EFE = 1 JL(CR)-%ZE =2 1 /W (DD) D= EE )
(Table 1. ®IZFH2)
Fig. 4. #aANVIZBITHZEEIDA A=

3. REFE

(3:-1) REFEME  Figs WTRETFETHVW I ER
A V&Y, Figd :/? L7z Tx1 & Tx2 W O3Z BT
A3 2 MR L, EEMTITEEa AL ETEERK
W, Txl & Tx2 F'aﬁ@kfr’&ﬁﬁ%iﬁkéﬁéo F7o. ZEM
TIEEE AV FITRZRET CR =24 /b, Tx1,Tx2 T
DD =A/WZF % 2 & TREXMARICZEE) 252 ITE
DHIENTES,

650 mm

650 mm

650 mm
350 mm

(@)= A (byZ = A L
Fig.5. RPN 24 AR

(3-2) HEBEILRTL  Figs [ZEEMO /;ww::
RY, EEIANVOFIRIE CR 24V ThHD, EEMD
AT AOHRE LTI Txl & Tx2 OB OKERER 2D 5
ZLThDH, TOFEEL LT, B ESEEIALOEE
WA THIINT 5 2 & THEE 2 A M) 9 ACEREH
FRDE I,

“y, Txl o~ “a, TX2 o

o
Vl V2

Fig. 6. EEM AT LDA A —T



(3-2) ZEBEIVARATL  Fig6 LV, Tx1,Tx2 O TIX
ACEREHRAFEAE L, Tx1,Tx2 ECIREEEBAEA A LT
b, TOTY, ZEIAANEEE/HR L KRR AT
N5 a4 NRIZTIVERS D, Lo T, AR TRE
T 5IBRIT Figs OZEIANVIZAAL v FH2DT, D
ON,OFF (Z X > TaA Wik%E CR =21 /L, DD A LIZA
A v F TV EZLNDMERIC LT,

OB = A L Tx1l & Tx2 ORISR 72 (HF mode)

Fig.7 ICZQDWED T AT A RIEDA A — VK% 7~7, Fig.7
DOFF, SW34 ZEBEIEDHI & TZEIAA /LN DD 21 L
£— F(LAF:. HF mode : Horizontal Flux mode & FFFRd~5)IC
720 Txl, T2 MORETHKEBEREFEET 5.

\&

Fig. 7. WAL Txl & Tx2 ORNCKZF (HF mode)

@ZEaA VN Txl & Tx2 OE _EIZHKZEF (VF mode)
Fig.8 IZ@QDED T AT A {21:@4’ A=V K% 77, Fig.8
DR, SWI1,2 #E@EIEHZ L TZEIAANN CR a1 /L
£— F(LAF:. HF mode : Horizontal Flux mode & FFFRJ~5)IC
720 Txl, T2 MORETLHHMEBMKREEET .

Va

Fig.8. &2 L73 Txl & Tx2 O L2 H72# (VF mode)

4, YZal—LaEE

REFIEOFRMEEZRIAET H720I12(1)EE =2 A VR
(CR =A /L or DD A )V), (ii)Ed o8B a A VOEE
ONFRZE(FNLAR or WALFH), (i) B2 A L OE— KDY)
Y 7% 2 (HF mode or VF mode)% TN ZNEZ-FFDE IR %E
LB %0 Fig. 10,11 (ZAWIFE TR L7z 32—
Y, £l BEFETHLOLOIFZEENNERKIC
ROHRTHO B2 D EREL, ENEZFHEAE L, 0,0,
®,®,0,®1%% mode TENEEFH LT,

Fig.9. ¥ I=l—v a3 r4fkK

ey >
| (o021}

- —> —

HF mode

{ (o031
53 | BDASEEIALOBENFHIE
Fig. 10. /3% — (/8 L)-73% — @/ )
IR @ )-8 — @)

B orc i

- —_—
. =D

BD&SRBIILOBENEIHE

BMOESRBIILOBENRE
(REF#)

Fig. 11. "% —>@(f£L)-% — 2 B(£ F)FRETIE)
WA= D L)~ 2 =@ T)

F£7-. LUTFITFig10,11 DRZ — 2 % F L 7= D% Table.1
2R,

Table 1. ttiﬁ*ﬁ?ﬁ LRy —

L o A VFIR(CR e oA VTR
=2A0) (DD = A /1)
BEEET 5 | D EE(VEmode) | @ ZH(VE mode)
a4 VDEE
prkacAfkn | © ZE(HFmode) | @ ZH(HF mode)
% —

Ff*ff;i;; ZE(B®VF mode+® @ = #(VF mode)
fokGuniy | T modeERF) % H(HF mode)




5. Yzal—Y3y

(5-1) FEKO Mf#E#rETIL  4IAl. Hyper Works £t
#ETHDH CEM Y7 h7 =7 FEKO ZHWVWTE—A L b
ETEWARA Y I 2L —a 2179, £, HIERKIX
LCC-LCC FRAE MW 21T/ o7, v alb—va
THW=/XT A —% % Table2 |27,

Lm

CON A e
l-ll II_L
Cu,_|_ Ly L, _|_CZp R,

Fig. 12. LCC-LCC [al#%

Table 2. FHARFEIFE /T A —H

Tx(CRcoil) [ Tx(DDecoil) |  Rx (VF mode) Rx (HF mode)
Input voltage Vi[v] 600 600 - —

Load resistance Ri[Q) — — 10 10
Operation frequency /kHz] 85 85 - —
Compensated inductance L[uH] 20 20 20 20
Transmitter/Receiver inductance L[uH] 408 624 91 121
Compensated capacitor Cp[nF] 175 175 175 175
Resonant capacitor Cs[nF] 9.0 5.8 49.6 348
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