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Abstract Dynamic power supply is attracting attention as a technology that could solve the weight problem of electric
vehicle batteries. Litz wire coils, which are currently used for in-transit power supply, must be buried, but they are
disadvantageous in terms of maintenance and deterioration due to metaphysical changes. Edgewise-type coils are thinner than
litz wire coils and can be installed on asphalt surfaces. On the other hand, Edgewise-type coils have lower performance than litz
wire coils, and this was investigated through analysis and measurement of Edgewise-type coils. In the analysis, Edgewise-type
coils of 1700x600 and 1200x600 were compared and analyzed for each parameter, and the tendency and the influence from
asphalt were analyzed and optimized based on them. In the actual measurement, a comparison was made for each number of
turns of Edgewise-type coils. The maximum Q-value was 102. It is thought that optimization through the aforementioned analysis
and improvement of the size will bring the coil close enough to the target litz wire coil.

Keywords Wireless Power Transfer, Dynamic Wireless Power Transfer, Multiple-input Multiple-output

1. 1T ®ic NMIZHITTCENEZREL, Ny TV —%FRKETDH LW
T4 VYL ABHEREY AT AIEEELRH® & IHLOTHB. ZhiCk V)J:%EG:%L?‘:%?%%%@?‘E’%L,
EBEVDWR2A— 7+ FEOEFEEDOFTE?D, ER EVOE Ko FohdeéExonD.
RAEORLCox2HRIIGHSE LTS, kb — BIED EV ITEBHBEEZX G L LEEFERH D,
RrzHABETESICEY EVARIRRTHERESRLTWS FERBIIZEANAR N T v 7 e EORBEITK T D EV
B, MBEHOE IS A oGS, BEHED LW b BETHD., I TRMEHEFTEBEABHELY b F
STERERBEROPTF LE72oTNE. OO b oR KENDE 7'375>j<%b‘ O I D TR T S7 % 5 7=
AR D7D, BAEWEZFRMH L 2 #EE o ET L, »WOoEBHBELRULUENRES AT LEMHAT
HIZ EV ICENIBEEIT O EITH VA VL RAGE D720z, REHEICEEZEOa A VERY FT25 2 &
(DWPT)75§H%52"LTU\5.1ﬂli$ﬁ@iﬁﬁ¢' T8 % NEZOLNTWVWE., ZHIZL Y KB HEOERE N % i
WICHREINZEEaA ALDL, BBHENTOZE = A T ZexEET. AT, #RoxEa A LLEH



BOZEIAANDEET L KEH@EIT O WPT ¥ AT
LIZBWT, H-ZEMUOBRIRE A U —%2RET
%, RERIBERTIE, ERBRF I TV %
Bt A B U 72 [ B A R (1 B =2 BRI ) L 0 b B
A —FREHLT LT, EAROBB(LEKa 2 b
kX5, L0250 EBHERICIZ, BiRLA A
— ROEBE L DR VZE A NV EIFER LB
(B Y ZEBIE YO 3 SDORIBHERICBWT, F
B2 BENBIOERSBDEOB RIS HBEEITV,
B EBRIET 5.

—_— —
— —=
= [ —— ] = [ ——]

Fig. 1 KAIHZ%}4+ 2 DWPT

2. Double-LCC 7 R D Fe & i A
2.1.DWPTIZ LKA SN D 2 2DREIE G K

DWPT OREFIEK & LT, EE A VITK L THET
\Za T oY BRRET 5 SS(Series-Series) 7 R, ¥ ¥
A L—XBEMEE > LCL 7 4 V& % & A L 7= Double-
LCC HFREH Wb ERFERINLTWD. ANE
Ex vy, EXBEBIAANDALS L E I B A%L, ZEIA
NDAUET R ALy, HEa T Ox vy Ry
B A% Crpy Crs, Crps Crer EIRIAANDA L F T H
VA% Ly, Lrpok T 5. MHEA HE T X AT L, TE
SNBET 5. S-S FRIFK 1@ RTEETA &
JHE VAR F Y RN H AT BEBIROAREEEE o,
LT, (MRXDOEBERMFEW T LS ITHRFHTD.

1 1
fo

T 2L G 2nyLnCe

€y

Double-LCC F X%k, K 1)~ T &P T LC Ik
REEZTLIICERFFSIN, f V2 F 7 X RAEFxx
Ry B 2 FQROFIELRME 2 -9

CTp + CTS _
LyCrpCrs

CRp + CRS
LpCrpCrs

vV LroCrp B

1
Wy = =
VLroCrp

CT CR
k
«—>
Vin Load
Ly Lp

(a) SS topology

Lo c Rs Lo

Ts C

r, E | —s

Iy <« > I
G Crp
T} Ip: Ln ;r

(b) Double-LCC topology
Fig. 2 WPT ¥ 2 7 A 0 % {ffi [A] B

—

Im

SS ik DWPT ICB W T — AR 7223, %8
a4V EICHEBERFELRWY. 2F 0, FHEEES 0
LR BRI W TERN S KB I 5 42 E &
REICRD., T0D, a4 L0 2 21T ) Hl#
EIT-oCTH, EloFETEZRMBHE LEZEA, HKSLE
B OMB T 2K R E RS20, KT LH DWPT I
KETHDLIZZ AR\, —F T, Double-LCC F K T
R ARE N 0 OFE, BRSO IXBERB TR . 1
- T, Double-LCC FRIT T AT A EE{EA R Z L7
HETH, S-S FXOX I BRI 2EBEBRPIKND Z &
Blnizd, FRAMAZEIKTHDLIEEZXD.

2.2 WETT % | A L
KBERTOETHFIA YLV ARBELV AT LELT
TEIAANEHBBERTDLE, ThthoxsEaA
NMZBWTENAY AOBFEET LN, RET LNy T
V=X 12Thdied, SEBEHLEL126KT D
VER DD . 3(a)lz {8 Bl 5 & 8] B 3(b)IC E 5%
A IR T

e [%]] =T
e &
(] T8

(a) {5 7 =&

&

(QNERIE A
Fig.3 fERMF &N TV 723 7 (0] 11 Ak



X 3(a)iXHEFian g B cli AR LRk cH v,
X 3(b)EZEaA Va2 EIERE LI-BEIBERTH 5.
D200 EREMHBRIIERBFT I N TWIEMEEK T

HDH. INBITK L, Bz 410 R9 % E ] R
R,
{mc
i L.
€:LCC
{:LCC ‘

Fig.4 2% T % = &[0l & # ik

ZOREBIIKICRT X B oz EM LCC b K
O LT E—BERBOXY A A — R L, Tl
FEZBERHOX A A — FREICERT L. HWVWT, T
OZF/EM LCC MO EHMm T4 _BERBOXY A4 — K
ML, THuT+2 BB 00X A4 — FEICHER
T5. Z20L212LT, ElosE LCC DFEIZIT—
ERE ZBEAEOKRD & AT EMSBICERL, M
DZE LCC OHEEICITI _ERLEZBEENOKRD LA
T EFRICESRT D, 20k, ZEaAL NV IHEIC
LT, BRAA A —FZ8HERALEZER LT
W5, ZHRICEKVENZERE LTS E, Zom
BT, 2EERSENSIBERINL WL, At
TEWRIAA—FRE2 12 AFHIRLTWD. 207D
AR —F Y FNOBEEHOTZEBARETHD. —F
THEAZERKIZOWTIEZEIA LI L TS
WEFRHENITEFEAI R TCWD D, R4 —F
NAEFERAINRTVD., 0D, BBERKIY LS
HliaryR—xr bR DnBIEB#ERE 2> TnD.
PLE2 DR R A= EREEE IS LTk, F%ER
FEEOMERE, EAIZERKICR L CITEMN R MERRICR S
ClERTIECRERBORNEETREZE VD,

EEIAaANVEZEIANBMOMELS VX7 2R
% Mrpgj, XEBAANVHDOEA 2 F T S A% Mpgj &
oL, FEEENVEAG)TREND.

n
Vrj zijMTileTi +ijMRiRjIRi 3)
7 7

ZOWK, HAEIPTIRN@TEEIND

2
_ 8R, (X
Pout - (7T(1)LR0)2 <Z VR]) (4)

FEBREABICOVWTEHETT TOIMEELBE L
TWAEYD, SEIAaA NI OOEBBRICIIK SO L IHIZ
KABEBNEETD.

Jicen

'_
T Dl DS ) DS D?
'—_NY:
L fioce
D, |D, Dq
'—_Iﬂqﬁ
T Tiods

(@) Iccilices > lcc P & &

all

9 |

[LOO|

— r
T Dl D3 D5: D7 .
— - R []
|_-- [LDDZ
T D, D, 6| Dy
L 1 1
'__M_lﬁ
T fieds

(b) Icctlices <licca?P & &
Fig.5 &R O K/NBIR

8D H A F— KIZOW\WT Di~Ds &35 &, Fig.5(a)
WR L7 RABEBRO XS ICERMD N TZ & £ 13 D1, Dy,
Ds, Ds (CEWAFLAL D 72 DB E S Ve 12 (5)K & 720,
Fig.5(MIZR Lo K/NBILR O L S I2iiidLiz & £ 1% Ds,
Ds [CERB N D728, EEIIVejid(6)Xd X 5 iz
5.
Vrj = Vg1 + Vg + Vs (5)

Vrj = Via (6)

3 F ALK IE T o [E i O A $h 1 O B
REMHKODWPT CORFTEZITS L THLA L DF
IR HB T 2 E OBEIE 2 MR8 L. #RRE K%K
T, B AT FOERORENS, —HOFA
F—RNIZED RERBWD LB ND, FIILEIPI
NRWAEERB 2 DND. O, EZEMORK
A% 01 LEELTCHEBNIEEZIRETHOT I 2L
— v a VEATWV, B A A4 — R Di~Ds O & i O it 4L
EHERLE. Z0LEXOME%E Fig.7 ICR7.

O[]
BIEE

Fig.6 H1lERETOY I 2L — g v




SFEEEREFR

BEREEEEE

EEEEEEEE

[
>

£

T

g
L 5
¥
¥
3
8] -
£
H
§
3

{}Ihﬁ Lz bx

(b) %1l &
Fig.7 #lEkRETHO VI =2 b —T a VR

Fig.7 £V D3~De¢ ® ¥ A 4 — NITIXE N FEAL T W
BRWZ ERERENTZ. ZOREBTEHEEICHLTK
ERBANEL TR I ERNEZLND D, ZE 2
DAANDOREERINICT LI ETHRTEDL LB X
bNb. ZOLEXDREKICKLHERE LR % Figs,9
IZR9 .

LCC A A A A

_ R S

LCC

L.

A A
Lee o,| o, D, D,

1]

LCC

{
]
1
]
]

(b) EHE%
Fig8 ZE 20 a4 VA& & LRI

EERFEFEYEEE

FEYEEFEFEEE

pFEEYEEEETEEET sesvrrrerrel

s 2 0o o e tw Tous 0 0m

(b) g‘«—%fﬂﬁ EIR E LTz b Jé’
Fig9 ZE20aA V2 L2254

Fig9 XV T _XTOHFA 4 — RIZERD TN DK
Rl ERFERINZ. 2T 12 0% MEBERE O
MEAENEBIEDZ LT, ¥4 45— RFiZihdEBRN
EhoolzZ LIZRINT 5. £, ZICEHE ST DWPT
V3al—TarEiToln.

4. EfTH DI 2L —v g v

4.1. EFBRIZ X HFEWD Fik
ETHOYI 2L —varETHCHED, WK

BarRL00EHMNMAT 2 ERA MG Y 7k

FEKO #fEfH L, Figlo ® X 21247 -7=.

Fig.10 &/ 54 o kR F

ZOEEDODaAaANDTFTIHEIIODVWTEHEEIALA LD
S 200mm X 500mm, 2 E 2 A L OSFE - 200mm X



200mm & L, {fm6EEEEIX 33.3mm & L7z, ZORER%E
FALEEZ2E{LEEZLED 5 %5 3 OEAGHREE
Figl1 ® XS ICEREGEDLEDWPTO VI 2 b —v 3 v
9L 7.

02

Powel_' [kW__]

&
@
W L L L
Time [s]
Y . 57, 5 e N A
Al Fig.13 [E %5 & Bl #& 0 & 1) K ¥
.. 03 035
51 [s)
K_TIR1 K_T2R1 ——— k_T3R1 —— k_T4R1 K_TSR1
= =KTIR2= = = K_T2R2 = = = k_T3R2 ~ — — k_T4R2 K_TSR2
————— K_TIR3 ====-k_T2R3 ===~ k_T3R3 ~----K_T4R3 K_TSR3

Fig.11 BBREFRFEITIC L 0 RO 7= FE A 1R %

DWPT I =2 L —3 3 /85 A — & Tablel I\Z 7.

Power [kW]

Table.] v I =2l —3 a3 DT A —X

Parameterdescription Value Units . \
Time [s]
InputVeltage v 200 v
. o= == N
Fig.14 $& % [0 O 8 11
Operationfrequency f 85 kHz
Primary compensatedinductance  Lpg 22.4 uH NN AT A ¥ & TFENFh 3.0kW, 3.2kW,
Primary compensated capacitor Cry 71.11 nF 29kW TH Y, fEERIKEVZERKE IV EBHNNPNE
2, 5 a =
Primary resonant capacitor Crs 22.4 nF < ; Eﬁ”x 75 [A] ft% ] j( ES @7‘7 L 7L£ > 7.
Fig.15 ICAMIEPUEZ 20~200Q O#HPH T 5Q >
Primary transmitter inductance Ly 205.8 uH .
izl zoaAmBEEOREZRT.
Primarytransmitter resistance rr 67.5 mf)
Secondary compensated 8 BNREER [ZE] Iis—mn—ﬁrt:‘emwj 100
inductance L 3114 HH = —HEREER  — —HEENIRER— —HEENERE
95
Secondary compensated capacitor  Cp, 112.6 WF .
Secondaryresonantcapacitor Cre 172 nF 5 s B .
£ =
Secondary receiver inductance Lp 51.52 uH @ ! = g
&
:"_
Secondary receiver resistance " 69.17 mil ’ I &
2
5
. - > <7, S <7, S 1
Fig.12,13,14 12 Z 4L AUl Bl 5 & 5] 3, 85 52 & 8] 3%,
TE'S% E] Eﬁ 0) m jj ’% jj @ ?& ﬁz % i_\‘ ‘é— . ‘ 20 40 &0 80 100 120 140 160 180 2:!0}n
AfFiEnn)]
o) \ (a) AC EX)H 200V A )
5 |
]
2
o
a

" Time [s]
Fig.12 @}l & [0 & 0> & /13 &



hFE (%]

T T A W]

80 100 160 20

BHIER(0)

(b) AC EZh1E 600V AT
Fig.15 & far fF ik

Fig.15 LW ANEEEZZEILIETLHETHLRENR
W e INT. MRz EREKE T 5 &, ﬁ
LERIEOFEE NI ij—’\f@%ll.fﬂﬁlﬁu’_t’@@ftk
SR TH LD, HFRIXFTFLDLL VMR T%é
_k#ﬁwént.itﬁﬁ%$E%km@¢5k

B E B O RILRE £ T EY 2 E R A RE
Fig.16

LMERTHD Z ERER I,
WTE o8 Z R LI EZRT.

2B M & e

hEE(%)

b

TR [kw]

20 40 60 80 100 120 140 160 180 200

B E)

Fig.16 FAZ0MEN TR T & 2 #ibH

Z TlX Fig.16 TH L 72 600V TOHHEIZ DWW T
FEMCERT S ETEMZERK S HKIZOWTE
VIZBBNHICHERET L, WICTHLIMHER L o7z,
WTRIRICERT S &, AMEHS 20~60Q, 100
~200Q TIE, BIRIZTFE->TWAEN, 2L LTIE 1%
DFélol. LoTHFEOHETIE RiZ60QD L &,
B Z A A — PR ENZEREIT 12 BT, REREK
% 8 M 722 O CHEE R I B Z EEE XV b EM N
HHENWZRD. mmf B 5% B & O iRz on
TEHZEBNICEET S &, AMBHIN 20~60Q T
ﬁﬁﬁ,ﬁmﬁﬁ#6WQ%inL@5%%Eﬁo
. BEOWTHRICERT S &, IR LR - T
D0, R 20~80Q TIXZEMN 1 %LU T &AoTz. —

T RS 80~200Q TIHENK 1~6% LR oT-. Ko
TRZ80Q D& &, B H A A4 — FMNEYZEMR I
4 fHT, BERKIZT S MEN, EXMHEETENL T
LA H D, RERKITEINZEREK I b E
NMWERHDEENZD. LLEND RLZ80Q D & X 2520
Bidfth 2 DOEIEE &L TEAERD D 2 L D3R
ni.

5. Bb Y IZ

ARG TIE, EESEED WPTIZHOWTH -2 %E
BIEEREZRE L. BERKIZOWT, #FHFILRET
DBENBEEICBOCEEORFHEZHER L.
F7o, ZOREBRIEITE WD THERMBE LT U 7= fE# 5]
ZEEEE B ZERKELHENSLOEOE R
O ATV, FFE O HEBIZ IV TR 239k
B L0 SEMERIER I,

X W
[1] S. Li and C. C. Mi, "Wireless Power Transfer for
Electric Vehicle Applications," in IEEE Journal of
Emerging and Selected Topics in Power Electronics,
vol. 3, no. 1, pp. 4-17, March 2015.

[2] W. Xu, W. Liang, J. Peng, Y. Liu and Y. Wang,
"Maximizing Charging Satisfaction of Smartphone
Users via Wireless Energy Transfer," in IEEE
Transactions on Mobile Computing, vol. 16, no. 4, pp.
990-1004, 1 April 2017.

[3] O. Knecht, R. Bosshard, J. W. Kolar and C. T. Starck,
"Optimization of Transcutaneous Energy Transfer
coils for high power medical applications," 2014
IEEE 15th Workshop on Control and Modeling for
Power Electronics (COMPEL), Santander, Spain,
2014.

[4] E. Valsera-Naranjo, A. Sumper, P. Lloret-Gallego, R.
Villafafila-Robles and A. Sudria-Andreu, "Electrical
vehicles: State of art and issues for their connection
to the network," 2009 10th International Conference
on Electrical Power Quality and Utilisation, Lodz,
Poland, 2009, pp. 1-3.

[5] Andrew Brown, "Technology Improvement Pathways
to Cost-effective Vehicle Electrification (2010-01-
0824)," in Green Technologies and the Mobility
Industry , SAE, 2011, pp.35-47.

[6] D. Ahn and S. Hong, “A Study on Magnetic Field
Repeater in Wireless Power Transfer,” IEEE
Transactions on Industrial Electronics, vol. 60, no. 1,
2013.

[7]1 Y. Yamada, 1. Takehiro, and H. Yoichi, “A Method for
Determining Resonant Elements Considering the
Requirements of Double-LCC Circuits in Dynamic
Wireless Power Transfer.”



