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Transmission Circuit Switching Control System Using Speed Estimation for Dynamic
Wireless Power Transfer

Akihiro Okazaki, Student Member, Takehiro Imura, Member,
Yoichi Hori, Fellow (Tokyo University of Science)

In recent years, research on electric vehicles has been active due to environmental issues, and among these, dynamic wireless
power transfer has attracted attention because of its ability to contribute to battery miniaturization. However, since the vehicle
passes over the transmission circuit continuously and for a short period of time, the control method is important in terms of
safety and efficiency. In this paper, we propose a method to achieve a system that can activate the transmission circuit only
when a vehicle approaches, by estimating the vehicle speed without using additional detection components or wireless
communication. The effectiveness of the proposed system is also verified through experiments.

F—T—F: VA YL REE, ETTUAYLREGE, FEIRK, RS

Keywords : wireless power transfer, dynamic wireless power transfer, waiting loss, leakage magnetic field

1 Em® DR O[] LSRR O IR T NE 247 5 7=, HE
) B HEZH O TEEA VEEREZY VB2 5 FEEZREL,
VAR, BREEREOEEN S, ER A EH(Electric Vehicle : EERIZ &L 2 OH MR OEBMEERIET 5,

Ew@ﬁnﬂmhL@ofwé %’f&ﬁéﬂ1w5®

. BR a4 1=

M, :h%mﬂ% ui EV @aﬁ'ﬁ%ﬁ%ﬁ#ﬂﬁ‘é?‘_&)@%’:{fk L
T, E{TH U A ¥ L A 7E(Dynamic Wireless Power Transfer :
DWPDREF 6N 5, ZhiE, EfTH o HEEICERICHE

ENTARBEH A )G, HEEOZE I A VT TY
AYLVATHRELNAYTIVERETHENIEDOTHD,

DWPT N EMbL S, MiflEREOLER, Ny 7 U O/
{bIZ X D iR OREAb, ML BRFTE 228, RN %
SEENTWA, ZOPTYH, KB AL E2FERH CEiR
9 %5 DWPT Tid, ZE0ZaME R TE 2 EEREOY)
DR ZHEAEEEARFRE & 72 o TV B, FATHIZETIE, %5

I A SV FITEIESTEIL TV DIRAE & 72 > TV D FifteE TFF
MR A B8 LI 9E0%0, B 7 v a v ZE oz
VAT LN LN, BBNEORWFIEPREINTND
LITWE R, £, aA LOBEOT HLICoWnTIE,
A D 2 A Va2 FEOS, ISR 2 W2 FiED
BRI ENTWER, Zh O IBMOEhReT T —, @5 BT
DOEENRH D LD KL H DO, RKIFFETIL, DWPT D%k
BYAT AIEBNT, FEERORRIC L 52T A810K

AWFFETHE LTV D DWPT v AT LAOREX % Fig.1
WZRT, ZOVART MMIFMA LIRSS HFRNIRFIHE
WTEY, W ODEIFEEEARE S TWDHOR, AR
%% Tl LCC-LCC H XA M T 5, Fig2 ITREND Z D
FAERE, BIROARESE w0, LTR)D X 9 23RS
2T, £, BIRD bR 5 BIROEZNEL, B L T
i &, FEAREkEANTRQR)D X S IcFEED0),

o = 1 [Cp+Cs 1[G+ Cy D
O JLoCp  LiCipCis  ToCyp || L2CopCas

Iin = 05° C1pCophy[L1 LoV, @)
H(2)&L Y, LCC-LCC FRITBWT, I l3kic&F+ 5ET
BB, EZEIA NVEOFREAREIR IR T HEE
BT (2 K72 IR, D F Y, B OREE AL
EROLEmITBNT, EHNREIRERTZ LS X 5,




- -

) ) ( ) )
( 1 1 1 1

Resonance Resonance Resonance Resonance
circuit circuit circuit circuit
I I I
AC Bus
Inverter
T DC Bus

Fig.1 873 2% DWPT v A7 A

L /
Lo Cis ’,_m\ Cas L'y
171(5) [ Ly ; §L2 C R, )
P 2p

Fig.2 LCC-LCC [H]#

3. FEEHTEZRALYIYEZHE

(3-1) HEEHEEE  LkICEGET AR THD ERL
7203, AU, HEEOMEICK LT, N B LT 5E b0z
%o HEET HHEHEERY, HEONEIZ L > TEBT 51,
OREZEFIAT 5, EEOREBE AL L2 FHE N @HET S
L&, I3k LT Figd O k9 ICEE§ 5,

Iin[A4]
- o oW s o

Coupling coefficient
°
=
=

Fig~3 %/ﬁ\'f’?‘é&klim Ith _Ssp> Ith swo)gg{%

Fig3 LV, kDMEICAEDE T, BNEB L TWDHDNRSND,

Z DEIBICAZ I T, dEEHEE H AR B e, 5 2 7XT,
RFORM TR LRt A X EMCEHEIL, =4 Aok
Bt BhEL 2L CHEAHET 2, 05, [, DEZTUFT
HI-OICBRE P ERNTWDN, /A XBNFEDH A HEME
BB Ly 5p T —EDEEFRTZETWD, 72, ty, t3
e R FEHE B F O R R A L, Spfg;txf_ﬁéﬂa'ﬁ t, % a7z
Wi, A VHEEREAE L &35 L, 3G, HEEHE L v,

IF@ TSN D,
_hyb
t= > + > +t, 3)
L
Vest = n “)

ZOFEE, EREERENOY Y a VEZRAT S
T EREVVOALATHEEOHELIT) LN TE
Do Fiz, WETHHERMTEL, EEaALNLHBESN

LHINCERELZFHELEHTAH2Z N TE D28, HAl
DA NVTHELHE L BAED A NV CHE LI %
52 LT, EEICMEENECLTWDINE I ER
H¥szts T3,

| ec | | e | | rec |

4 4 = | -
Switch1 Switch2 Switch3

1 1 1

I
m[ @ s — Current Sensor

| Inverter I:' DC Power Source

Fig.4 i&EMIEIFE O

Turn on 1st switch

—| Turn on 2nd switch || Calculate vog & tyair |

Turn on n + 1™ switch

Fig.5 Ul B2 dl#o 7 v —Fv—

(3-2) GBIV EZHIE  FEEEEILLEOA N
ST HEHE L, x%y%f@ﬂbﬁz%ﬁofwé AA v F
121X MOSFET @ Y — R & @Iz L TG hbiic Lzt
@%ﬂ%bfwéo_@Mmmﬂ ﬂ@ﬁxhv%ﬂﬁﬁ
5Z LT, BEOAy, ATEEEIT D, HEMEEE O
% Figd D X 212725 T 5, filbk L7cdEHEEIEIC L - T
KOS, BEBEDEE A LD FICIRE%IZE
HETOINERDDZENTED, ZhEaAroghEz
ﬂ@mﬂﬁié’kﬁ LB L 7oA (o AT L
Tl EDORIZ, EFBRIREZWEIT LV AT LEMETLHZ
EWMTED, YIVBRZOXA I T aPkDHHEHEITIT Figl
WRT KD 7, BEHEE & R, OEEFIA L TEBY, Iy
DEIFEL Y B2 OBy, & FEIS7eZ A IV T TAL v
FEFTICT D, AA v F AT DEA LU, L g
BB DERPIENDMEICHTER KDL ETDORAL v T4
T Wt yaie 7R L CRET Do BARBIITIL, tya DFHE
TRHZAA » F A TRt DFHUEBIE L, topr D3 twaie &
BRI HDRDEED AL v F o4 2T 5, ETARMRIL
BWEHEIC L 280 B2 o ERNBREICTH L0
Imm®ﬁ’%%&gﬁﬁﬁﬁfw&woﬁ%,%%?éﬁ
FEHEZIT O 12DI21E, D7 L bS5 2 SORIKIC



M DEREREBET 2MERND L7, 2 FH L TOME
RITBRY , HMEHEEIC K DU B AN TE R, BRIV AT
AT, 1 FHHOXREBERKIIA IRECHEIYE, 2FBD
FEIE 1 BERA TR0 Te A I 7 CTREISEHH0
Bz FEE LD, U Eogl Bz 7 e —F v — NI
FLODHEFigs DL/ D, TOXIZ, BEVAT A
VLR O 1 LoD T O A HEIE T & D il HL AR A AR
ZLTW5, ¥£72, Figd DESICA =% 1 Bz LT
BEOXEBRIKEZHER L, SERIZAL v FE2LD DTS
LT, R/ANROMRLTE D B O®EEITo TV D,

4. EE&

4-1) IR FER RBELCHEEHEEZHWEZ
@JD*’%K/XTA% BB A3 E(Tx1, 2, 3)EHANT
WiEEd %, EEIANLDHA R1TFTT 500 mm X250 mm
THY, ZEIAVRX)IE250mm X 250mm T 5, EE=
A NOFLSHLOREEET 1000 mm, %528 24 VO
T7 X v 7L 80mm & L7z, Table 1 (ZEBRSM: & EBRIC
HWIZBIE DT A =2 27, £, FREEOHERIX
Fig.6 |, EBROSMBLIX Fig.7 17”7, ZEaA LOEEvIT
500 mm/s, 1000 mm/s, 2000 mm/s ® Casel~3 TiEHE 2 A /L
O EEmiE S, HEHEO/KRE, ERICHEMLEZ
Myway 77 ARASHROFE BAFEEREE [PE-View9] 1Z#5
fishTng, v 7 8sNOEHE ) TILE A LIER
T& % Inspector DFEREAFI U CHER U7z, BREEHEERE R
% Table 2 12, A >/ N—X O IJEE & 4RI 5 Bk
WA TN OMEIZF\ T Fig.8(a)~Fig.8(c)IZ <7,

Table | AR D /T X —X

Tx1 Tx2 Tx3 Rx
Input voltage Vae [V] 10 10 10 —
ILoad resistance R [Q] — — — 200
[Operation frequency / [kHz] 85 85 85
ICompensated inductance Lo L' [pH] 53.054 49.788 49.550 43.821
ICompensated coil resistance ro r'o [mQ] 112.54 109.13 97.759 122.36

[Transmitter / Receiver inductance Ly L:[uH] 205.21 205.587 | 205.622 | 111.782

[Transmitter / Receiver resistance R; Ry[mQ] 110.25 102.44 104.53 57.78

ICompensated capacitor Cip, Cop[nF] 65.241 70.323 70.762 70.721
IResonant capacitor Cis_Cos[nF] 22.599 22.485 22.493 55.785
Driving direction s> Servo motor
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Casel Case2 Case3

Driving speed : v [mm/s] 500.00 1000.00 | 2000.00

Estimated speed : ves: [mnv/s] 499.26 997.45 1989.15
Estimation error : & [%] 0.148 0.255 0.543
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N“‘é‘:ﬁ; O o sandWs] | Eoutsana[Ws] | ant | Einprap W] | Boutprop [WS] | v
3 7.129 5.464 0.766 6.989 5.316 0.761
4 9.925 7.429 0.749 9.487 7.296 0.769
5 13.110 9.393 0.716 11.986 9.275 0.774
6 16.778 11.358 0.677 14.485 11.255 0.777
7 21.020 13.323 0.634 16.983 13.235 0.779
8 25.929 15.287 0.590 19.482 15.214 0.781
9 31.597 17.252 0.546 21.981 17.194 0.782
10 38.118 19.216 0.504 24.479 19.174 0.783
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