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Basic Study on Degradation of Coil Characteristics due to Water in

Dynamic Wireless Power Transfer

Yuto Kawamura, Takahiro Yamahara, Takehiro Imura, Yoichi Hori(Tokyo University of Science)

In dynamic wireless power transfer, the transmission coils are embedded inside the road pavement. In this process, the coils need to

consider electrical characteristics, mechanical strength and cost. This paper focuses on the electrical properties, among which the effect of

water is investigated. Two types of Litz wire were prepared: yarn-wound wire covered with thread and waterproof wire covered with a

waterproof coating, to which water was quantitatively added and the electrical properties were evaluated. The results showed a Q-value of

92.1% and a 10% decrease in efficiency for the yarn-wrapped wire, and a Q-value of 83.7% and a 3.7% decrease in efficiency for the

waterproof wire. Both Q-values and efficiencies improved when the current was passed through both wires with a bi-directional power

supply and the accumulated water was evaporated.

F—O—F: VAV LRGE, ETHYA Y LVAGE, A VR, K

Keywords : wireless power transfer, dynamic wireless power transfer, embedded coil, water

1. FHR

HATIX 2050 4EICh —R =2 — b I LVOERE HiE
LTEY, REOFEE LTERAIH (EV) O kot
w%ﬂrwé LU, BARENIZET 2 HHERFEEHD

HEXEHBED 5 2BIGIFIEFITELS . WEEE LN
Ehf“é&iiiﬁw W L7 WER & LT, kiR
Wi S, RERH., BRERERENZT LN,

IO ORBEOMRGEL L TR SN TV B DONREST
HUA Y L REEOWD Th D, ETHYA Y LREE
%, BEOFMERLS L, REBEONY T U —Eflie LT
Wi e B BV Ok = 2 MEeiikelElf 4 g cx %
HicH . KETREANHIENTHORLTWND

TR TA YV AKBEOFEL L TEE A VEERKIC

HBRTHMLERSH LN, FAETL20ICiFA 7T &L
TR OB AL & RS LA 2 A L OR# &
S T REBRAOREME, HERIZ L D a4 VOB A LD
FRPEHERF & Vo R EKFEOM A RD B D, Lo
L. A NVERERT S Z L Tas VOBSEHENELT
5z k#ﬁiénfw5m® LT 2ERDO—~DE LT
EZONDONKTH Y, HFE Iz a A LONEITIRK
L7720, #EBEORAEN Méhfm

AFILTIE, KTk D28 E ) v Y RERES LIkE
ﬁk%%%%f%bht%*%@:o%%bfxW%%
PUE, A 27 52 A Q. KR THB LT,

2. EERFE

FBAER L LT, DWPT ORI GRERILSS & L, A
¥ DWPT il &5 85kHz T— & & Lz, WEHGHT
B, A 2722, Q. mRMIFEEZRE L, HIEIC
IZ LCR #* —# @ LCR-6300 & L 7=,

SS HADEABRIL, MEMREkEEBEaA Q. &
A NQBRD BN, (DROKRICETZENTED, F
o, ARk, A—TF v a— FENSEHLE,
LCR A —# Zf\WieA—7 2 g — MEIX Fig3d OEICE
BIAANDEIZZEIANERBEL, ZEIA VMR A—
TFUDEEL Y a— NOBOEBIAaALNDA L F TR
FnEME L, QRITRAT D Z & TRAEREZ RO D
ZENTED, . QEIINEIEHUER, A F 7 B R
LinBR)HTRDDHZEBTE D,

RBEREVAKRCTEB ANV EER LTZ, (Fig.1,2) %
BaAVTHALRED vV BITFRRE 0.1mm, FEHEL 2500
A, KB ORERT 0.5mm Th D, KBEXHE PR



LTEEREBIAMILE HIZ 1700mm X 600mm, 7 = A
FAD Y Y2 A )V OZTE= A /L1 800mm X 200mm “C &
by EBEAANLZEIAALNDOBOTT ¥+ v 7% 200mm
& L. Fig3 OFRICRRE LTz, ERKRFOEIRIL23.7~244CT
Hotz, £72, Figl3 IZE-> TV 5% 10 HHNTEKE
ZRE LTz, Z OFEFHNEF2Y, 0~1000g ORFITH/NE
IR 0.5g, 1000~2000g DB 1.0g, 2000~3000g DREfL 2g
LR ARETHo T, R VIZEE LN YT, A
2 A mRICERATE, ZRFERIhOEE % 3 [BIFHI L) E
THEE L7z, RELE L CIIKEKREFERALE, EEMIC
100g T2:BML, KBAGRLIBRDHETMAT, EHIT,

BERINFEEOUBELZHERT H70DIC, M ToKEHESES
B, WA HERE AN CREBIE, WFmER T
NNEFRERZ 90A & L., HAEBHMEIZ., REXHRTH
0.432kW. BAZKHRTHI 0.225kW L7257z,

— k2Q1Q, (1)
MaX = 1 k0,0
— _ Lshart
k= |1 . 2)
L
Q= % 3)

[
|

Ll

Fig.2 Bhi/K#

Fig3 EBROKT

3. EER#ER
(3-1) KB

FEHRIZLLT O X 9 72 Fig5~8,10, Tablel,2 & 72 -7,
Table.1. TIIR B RO E/KE L Surface-water Length(SWL)
OEFRER LTS, FEEAZFEMT 2 LT, KinT
L. Fig4 OKIZ, a4 VOREIWEST2KEEIE LT
Kzt D% SWL EERL, FHH LU, EHETHONT
i, IANVDOERREICKT S SWLOEIEEZRLTND, a4
N DOAREIT 25860mm Th 72, SWL BNEHEEIZEED S
EEIIHBIEHRT 5,

. T
[ —
—

Figd SWL O A A —X

_ 3
S 25
P2
15
B 1
0.5
OO0
'Y ©C 009009000900 9O O
O O O O O O O O O © O N
HNCO%LO@[‘OO@OH%@
—~
#E
Kk flgl
Fig.5 WEBRHUER
100.6
= 100.4
’2.100.2
—~ 100
r§99.8
X 996
~ 994
w 992
N °gg8888gggg88y
Eok gl e
Fig6 AV F 7 X UAL
400
300 oL
4] Q=—
‘= 200
.
100
0
(e e e e e i e e e e = =
O O O O O O O O O O O
HNCO#‘LOQDL\OO@OH%V@
A = — )
&7k Blgl e



100
— 95
i
i 90
=R
R g5
80
[ R e e R e i = = R R e o
O O O O O O O O O O O N
ak gl e
e

Fig.8 I K&

i

Table.]l & /K& & waterloop DBIFRGRE X #7)

BKE SWL(kE) BKE SWL(EE)

Og 0mm(0%) 600g 0mm(0%)
100g 0mm(0%) 700g 0mm(0%)
200g 0mm(0%) 800g omm(0%)
300g 0mm(0%) 900g 6,580mm (25.4%)
400g 0mm(0%) 1000g 11,970mm(46.3%)
500g 0mm(0%) 1100g 19,140mm(74.0%)
600g 0mm(0%) HEESE 0mm(0%)

EIKEN 0g 225 1100g 12 b L7z & & Figé LV A v
BB ADELERIT 0.524%72 - 7= DT, TR0
STl ER D, ETLZORE, QX RABKT L7, &6
12, Fig.8 & Table.1.2>B = A bV EIZEHIKED 900g H72 0 |
TRDOL SWLN TEXBD TNORNMET LIk L %
e Lz, KB EBRUTIARZRIN LT WA, 800g <
LWETKEBZATHERRDFIZITSHEEEL TN
ZEMbaA NKE FIKPEESTLE D 2 EBRKE
ROBKTICHBETLOTERNEEZ LN,

Figd CTIEAREROAZ TCOaAL VOKEFEZ R LT
D, AN EOKBRLTWVERICREICER L, M., &
RN X DT o7, Table2 ZH25 &, RIEERIC
LFoTas v FICBE-> TV AKRNERICERE LD & &
RLTWS, ZHIZE D, Fig78 NHbobHEICQ, . &k
KNBINEGKEDN 0g ODEOHERBICR 722 & BHERTE
oo BT, Figlo LV EEaA LV ERBEICZEALD
JK2Y 1100g Ao7=Z S LV, QA 45 7% N L7z, 7
FBITQMEIZIEE Lz, ZDZ b, EZBRICKNH
FLHZLETHRFOaAANWTEET DL EnbhroTlz,

‘@mjﬁﬁ%%%

(a)Z8 % RiI(1100g)
Fig.9 Sk &M% ERI%

Table.2 ZRFEEBRFERCREZR)

3EFH
FFEmERg] 15,755
e ar 14,640
#5lel 1,115
800
- 600
'~ 400
g
200
0
CO0OO000O0O0O0 OO O O
SHsNeNeNeNeNe e el Rl
HA®F 0O 0O
— M’:
&k Elgl A

Fig.10 % =11 /LQ,fE

(3-2) BhAK#HR

BAAKHRIZ & B FEBROFEIRILLL T D Fig.11~14,16, Table3 4
DXl ote, REZHBERRIC, PikitbEKEE 0g 1>
5 1000g ~HEIMS E2WE, X7 2 0 2ADEERIT
1.08% 72~ 7= T, HIETNIET o7 E 25, (Fig.12)
FTo. QAT 83.7%IKT L7z, E7K&EDS 300,400g &H72 D 2>
b SWL BAEUEHTZD T, Q& R RBFITET Lird
7oo F72. SWL OFIERRE L 2L 51T E, RKB=E
DIETHELL o7z, (Fig13,14)& 52, Tabled.2>Hh
MOARIT R B S AR IS 2IC R L, RBBIT0ME, &
KNFEN & HIZEKE 0g & [FRROHER £ CTREIE L,

0.8
g 0.6
o
EOA
i£0.2
&
=0
iz =R = I R B o R S S S S
& STREBSBBIRIIS
= o
Ek gl b
Fig.11 PNEBHIRHLER
_ 1015
Z 101
< 1005
> 100
N
.%
%99.5
AN 99
Ay © OO0 OO0 O OO O O O W
S O O O O O O O O O %
&k &gl 1
Fig.12 A&7 X% AL



800
600
! 0 =2k
— 400 TR
@
200
0
S O O O O O O O O O O KW
S O O O O O O O O O
&k gl e
Fig.13 #EaALQ,fE
99
98
= 97
= 96
¥ 95
R 94
93
92
S O O O O O O O O O O W
O O O O O O O O O O N
Gk Elgl e

Fig.14 I K2h%

Table. 3. & /K& & waterloop D BIFR(ELAKHR)

AkE SWL(HE) akE SWL (1)
0g 0mm(0%) 600g 2,520mm(9.74%)
100g 0mm(0%) 700g 4,030mm(15.6%)
200g 0mm(0%) 800g 4,580mm(17.7%)
300g 225mm(0.87%) 900g 5,820mm(22.5%)
400g 720mm(2.78%) 1000g 7,670(29.7%)
500g 880mm(3.40%) R 0mm(0%)

Table. 4. Z&FEEBRBHAKRR)

3EFH

#ExHER(g) 16,168
FrrEelel 15,105
#=5(gl 1,063

- v

Hllﬂ

(b)20 HEIHARFEHA

(2)ZRFERT1(1000g)
Fig.15 BIAKMARFE SRR T

ZE AT, KA 1000g EEIND & QMHEA 14.34% (K T
L 7= (Fig.16), %%%i@ﬁﬁ@@bto¥%%ﬁﬁ% peS
WA NORE L, DOREZERITKMNEEDL Z LIT
T, WO aA VOREENRELT D Z EiboroTz,

800

600
ol
a1 400
g
200
0
S O O O O O O O 9O 9O 9O W
O O O O O O O O O O
Gk ilgl e
Fig 16 S5 = A 1 Q,fi
4. 5

INHOERND, SREIHIL, KN 1100g R/ &
T, EEIA QT 92.1%. ZEIA Q0% 457% KT
L. IARDEIT 10.01%K T L7z, BHABRIZ, 7K2% 1000g 1
222 8T, BEIANQIL 83.7%., ZEIAINQ, T

143%E T L, IKDRIZ366%ETF LIz, 2D Lhbd,
Bk IR T OMENcHF ST 5 L Bbrot, L
L, ThEaA VRICRAKTHOESENI L0, &
CETHRERTORRKIIEZEE A NVORE L, T72RDHE
ZEMIKNDBEDZ L, aA NVOREEE - T2KOE
ETHD SWL BNREAETDHZ LT, QL RRIFENMET T
HZERbMhoTz, SHIZ, SWL 232 & T, Qff.
RRIRPLEIND Z ENbhoTz,

X 7

(1) R.Tavakoli and Z. Pantic, "Analysis Design and Demonstration of
a 25-kW Dynamic Wireless Charging System for Roadway
Electric Vehicles", IEEE Journal of Emerging and Selected Topics
in Power Electronics, Sep 2018.

(2) R.Ahmad, V. Kumar, M. Bilal and S. Kumari, “Dynamic Wireless
Power Transfer (DWPT) for Charging Application of Electric
Vehicle,” 2022 1st International Conference on Sustainable
Technology for Power and Energy Systems (STPES),
SRINAGAR, India, 2022.

(3) Cirimele, V.; Torchio, R.; Virgillito, A.; Freschi, F.; Alotto, P.
Challenges in the Electromagnetic Modeling of Road Embedded
Wireless Power Transfer. Energies 2019.

(4) V. Cirimele, M. Diana, F. Freschi and M. Mitolo, "Inductive Power
Transfer for Automotive Applications: State-of-the-Art and Future
Trends," in [EEE Transactions on Industry Applications, vol. 54,
no. 5, pp. 4069-4079, Sept.-Oct. 2018.

(5) Koki Hanawa, Takehiro Imura, Yoichi Hori and Nagato Abe ,

(6) "Proposal of Coil Embedment Method by Pouring Resin Materials
for Dynamic Wireless Power Transfer", IEEE Wireless Power
Week Conference (WPW 2022), Bordeaux, France, July 2022.

(7) Takehiro Imura, Koki Hanawa, Kanta Sasaki and Nagato Abe,
"Coil Performance and Evaluation of Pavement Durability of
Dynamic Wireless Power Transfer Systemusing Ferrite-less and
Capacitor-less Coil for Road Construction Methods," S5th
International ~ Electric ~ Vehicle  Technology  Conference
(EVTeC2021), May. 2021

(8) Z. Feng, O. Shimizu, H. Sumiya, S. Nagai, H. Fujimoto and M.
Sato, "Influence of Contamination Between Receiver Coil and
Embedded Transmitter Coil for Dynamic Wireless Power Transfer
System," 2021 IEEE PELS Workshop on Emerging Technologies:
Wireless Power Transfer (WoW), San Diego, CA, USA, 2021, pp.
1-6.



