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A Basic Study on Efficiency Affected by the Rebar on Wireless Power Transfer
by Electric Resonant Coupling
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Abstract Due to the feature of wireless power transmission, the transmission efficiency will be decreased if metal foreign
objects intervene between power transmission and reception. To solve this problem, research on foreign objects detection is
gradually progressing. Some power needs to be supplied through the wall where the rebar exists, and they are difficult to be
detected. It is necessary to consider the affection of the rebar to power transmission in advance. In this thesis, by comparing the
wireless power transmission efficiency with and without rebar at each resonance frequency, the affection of rebar on efficiency
was evaluated. With the experimental results, even if the transmission efficiency decreasing was confirmed when the rebar was
intervened between power transmission and reception, it is clarified that power transmission is possible by electric field

resonance coupling under this condition.

Keywords Wireless Power Transfer, Electric Resonant Coupling, Rebar

1. E 228 % AR T2 BB O BT 0N D ST B [41,[5]. L
e T B a2 IR D[RR T B LeBRYOTIZEEFREORHTERNLDDL
57 A% L RAEJ{E%E(WPT: Wireless Power Transfer) FAET 5 BT EIC=a 7 ) — bafimy 5 HMT
LR DM BE A Th D EFECWT MR A R+ 5 kL A SN BERRCKR EICHFET 2 RET 5L
LTHHENTEY . EXHBECF ERER~0DIEA 7b§l%ﬁf‘z§>/;’> o TR LICE N ZMBET D HLEN
WIS AR SR TV ALWPT 2B 2 EBE O DB EV TR EMPA ST D 2 L &I
GEFRCHAEE TR EERES RN H Y [2,E BEXDMHENRD D SHBL O WPT 3R IEIRAE S F
RS RITEBIKOH THR TR 2w eMiciik  KEHAVEREEIZTbN TS 28, ERIERE A S
THBH LV ERERD B, T EZTEHIC LR R ff“ B RMRBSNTND LEE LRV AT
MBIAT B LBREDEOEFRRY RO RS HEKTEHFTOPRICONTRRIZ LD B &
YL VIR S B3] F DD, —Fa il THOTETHMBDRICEZDZELFMTD.

This article is a technical report without peer review, and its polished and/or extended version may be published elsewhere.



2. ERRE T ARDORE

BREETIL 4 HMOBRR»OHERINLTED,
RIMBR OB L > TENWBEEIT) FIETHD.
EAETCHHIEZBEI 772K 1 [T . EXEBEMD
HOAEC,XEMOBCEECEZEMOMHARE
CRAlIBEC, — CuZ T ENEN()~B) A TERED.
EEZTBEMOMEEGEZ R THGHRELLC,C,Ch %
HAnT@TcEREDH[7].

Secondary side
C34

Plate 3 Plate 4

Plate 2

Plate 1

Primary side

M LERMMEGFRXORZEL T T
(Ci3 + C14)(Co3 + Ca4)

C, =Cy, + 1
1S G G+ Cos b Ca )
Ciz+C Cys + C.
CZ — C34_ +( 13 14)( 23 24) (2)
C13 + Cl4 + CZ3 + CZ4-
— (C13C24-) - (C14CZ3) (3)
m C13 + C14 + C23 + C24-
C
k=—= @)

Jac,

BHAE A T RUTHIR = A v % B (Series) F 72 1T
5l (ParalleD) I #2%¢ L7 b O &2 E R LIRS A L
SARFETCE,ERLE/FEGFXOE bR Y DH
THEEDRLSIOHNENCEN RS EBMZ LI
EAICHES L S-S FARw (™ 2)% 8 L =[8].
CLGIZTEZEX Yy XV X OHERE,CIIHERE,
L, Lt EIANDA LTI H A n,ndik%E
AANVONEIEPLRIZTAMEENENLRL T 5.
S-S bR VIKBTABEDENIG)XNTRED.F
7o, B RBL DL IICHIHINT-ANTH D E
BT Ryope 13 (6) 20 TR A 5 [8].

Ly n Cm L, )
I
R,
2B RLIERE S A (S-9)
RLLZCZZC.,%1 (5)

n =
r{C (R, + 1)2(CECE — C) + LG} + (r + R)CHCEL,

LyCh(rCh + 1y sz)

6
7'1C2(C12C22 -C) ©

Riopt = \[Tzz +

3. RETHFE

A 1L, BRI IR RS A 7 RT3 0 TR A3 4 3R
WCHE X DPEEBEFTIMT 272010, 2K LB TOR)
RIZOWTERICE D 2T 7= BET D25
T O FBRIA R R A 3,855 C 0 BRI K R A X 4,
X 51277,

(1)

& J& AR i R A

e ?T!
7Y\

X 4: FZERIAIES BT (BRAR)

5: FEBRMEIEEHE

(Bk#5)

ARl o B E2 AT 2 72012, K612 T HEE 50cm,
FEIR 20em,JE S 3mm O i # % 440 A L 72 BB &
VB2 T 0> 4 J A BE B % 10em, {5 2% BE B 2 15cm T [#



E L HEEERIRECEREZAENE L CEEE
KBEEAATUIC L > THEES ATV D B EE T
HBHISMAN Y R[9]D HF T MHzHE O TH 5
6.78MHz,13.56MHz % f# i L ,10MHz,15MHz C % | i€ %
TFolrt TR, 8RBV THhIEMELHET S -
OIZ2.6mmOEHREMFEHLZEZIlemD EIE = 1 L%
ERR L7z, A v 0% & $51%6.78MHz A 215 . 10MHz )%

133 ,13.56MHz2S 75 ,15MHz 3 58 TE N ENAER L 7-.

REHI 2 K TR

6: i L7z & E ik

7 AERR LR 2 0 L
EZEMICHEATIS®MZM 8 IIRT. 2D KX
X 1.5mX 1L.5m AR oI 100mm Th Y,
E P TR o b O RMEA L.

8: L=
4. A V=X RTFITAFICLBHIE
BB ICB N T 1 TR LUERREC, — Cu & HIE
L (D~B)ANBRODTZEXHT TCOEBEROB LK E
CLGB L OHAEREC,EFE LB TORT A -2 %
F2IWRT B LAEKEEEL@RICRALTER
L Bk COR AR A B L R e ™ 9 IoRT.

K LEBWROK T A =% (ZEXH)

f [MHz] | 6.78 10 13.56 15
¢, [pf] 357 | 36.0 37.5 38.2
¢, [pf] 343 | 34.4 36.4 36.8
C [pf] 1.13 1.06 1.14 1.09
£ 2LEBWRDOE/NT A —H (8kHH)
f [MHz] | 6.78 10 13.56 15
¢, [pf] 47.6 | 49.6 52.9 55.4
¢, [pf] 47.1 48.6 51.7 54.0
C [pf] 0.42 | 0.39 0.35 0.31
0.05
x5 004
& 0.03 — — o
ﬁg 0.02
0.01 —
0
6.78 10 13.56 15
JE e $5 MHZz]

—— 5K —e— 8k

9: 1% BRI D ik

WERBENOLEHRNAAT L BOFROHME
HAERBOBL P OR/EH/RBEPIERTT LI &R0
7.

EABRICER LIZRIBEas voq v F 7 2R
Ly, Ly, NEB R Firy, ry, QI & U B L, ZE 5 & 8kl T4
NI A—=F %R IFTAICARTQEIZHEO Y — 7 KD
PIERTANTIA—2THY, HEABRERo,CrE
AT TERIND.

1
Q= m (7)

£3IAANVDENT A —F (EXTF)

f[MHz] | 6.78 10 13.56 15

L, [uH] 34.1 18.3 7.86 5.10

7 [Q] 4.96 3.03 1.87 1.22

04 133 146 167 228

L, [uH] 32.5 17.1 7.34 4.48

r, [Q] 4.34 2.74 1.53 1.04

0, 158 169 211 253
K4 aANVDERT A—F (B&H)

f[MHz] | 6.78 10 13.56 15

Ly [uH] 33.9 18.5 7.85 5.14

7 [Q] 5.78 3.87 2.79 2.51

04 85 82 79 76

L, [uH] 32.7 17.6 7.31 4.47

1, [Q] 5.07 3.68 2.66 2.34

Q, 98 88 85 84




£z 3K 4 DOLEHBRNAT DL, 240N
DML, ZNICLVQENRT T 5 &Enmooi.
HWELEEBRKE A NLDNRT X —H & (6)RITR
ALTRRRIFLRDLIICRFENTLAMNTH D
AT Ryope 2 TERL L 72 AE R 2K 517
55 i A faf
fIMHz] | 6.78 10 13.56 15
Ruope [Q] | 291 199 125 97
5. (X R DL
FEPEHICBWC,EQP LEHEMmEETOHEGTOR
FOHGRME L EAMEEL LB LD D0EK 10,K 11 1278
T.OAL O EREFHFELIT OB, AMRILIR 5 TH
L7l A Rpe Z IV TIT o TV D E o, A v m R
a—7THIE L DEREEK 12,K 13 277 .8 A

RS LB E R IR AR S R E N E R, F AR B
BIE OB ZTEMNEREZNETNELTND,

80

= :ﬁ;

%70

65

60

6.78 10 13.56 15

J&E e #5 [MHZz]
—o— HiinH —e— SEHIfi

10:2h R O PFRME L (2R HT)

15
<10
0
6.78 10 13.56 15
J& 1 %5 [MHz]

—o— HiinfE —e— SEHIfE

11: 23R o P g fE Fedk (8K)

13:H 0% (84)

10,4 11 D2 b R BMICEMH BT AT D L,
BENRNMET D LB Ei2,K 12,1 13
@ttﬁiﬂ%,%%¢ftiﬁﬁ%@%iﬂi§k ’io‘b\fitﬂ%b
TWD DI LT8G E &8 E TIEEEMNICIE
DITNBEET DI EB ol
6. BPHYIZ

ﬁ%ﬁf“ B RILIRM S ST BT 28 sk R

CHEZDRBIOVWTHMET oo RIR= A1 &
B‘%J@ﬁﬁfz{’ﬁﬁk L7c ECTERZATV,ZERT & 8%

BUHGAIC O VWTHEREZLK T 52 & THML 2.5
BRAE R D EZEMICHEBH LT A LSS 2 EOK

TEH®BINLIB,ENREIATRETHDL LWL
MERSTZNERPMET LZRERERE LT8MH 0 REIC
LORERBOET ELIBEOTNBRAE L LBE
Fond g, a4 VvoNEEEBEML,Z2HICLDY
QEAE T LI ENREHRICEEL TN DLEEX
b b.

AR TIX, RO ZAT O Loz z2xd & &
THRUEEEaAA VB L O REAWNZEM L2z, &
aeatha TONROERIELLZFEHTETTVRVOD

SHBRFLIZNVEZZ TS,

X B
[1] T. Imura, Y. Hori, “Maximizing Air Gap and Efc
iency of Magnetic Resonant Coupling for Wireles
s Power Transfer Using Equivalent Circuit and N

eumann Formula,”IEEE Trans. IE, Vol. 58, No. 1
0, pp. 4746-4752, 2013

2] A )L, B LRI K %
%, AL ROk X #2017

[3] P.Zhang,Q.Yang,X.Zhang,Y.Li,“Comparative Study
of Metal Obstacle Variations in Disturbing Wirele
ss Power Transmission System,”IEEE Trans. Mag
netics, Vol. 53, No.6, 2017

[4] Lijuan Xiang, Ze Zhu, Jindong Tian, and Yong T
ian, “Foreign Object Detection in Wireless Power
Transfer System Using Symmetrical Coil Sets,”I
EEE Access, vol.7, pp.44622-44631, Apr. 2019

[51 Y. Sun, G. Wei, K. Qian, P. He, C. Zhu and K.
Song, "A Foreign Object Detection Method Based
on Variation of Quality Factor of Detection Coil
at Multi-frequency," IEEE, pp.1578-1582, 2021.

[6] Seiya Yamamoto,Chiaki Nagai,Takehiro Imura, “A
Basic Study on Frequency Characteristics of the
Influence of Rebar on Wireless Power Transfer b
y Magnetic Resonant Coupling “

[7]1 F. Lu, H. Zhang, H. Hofmann, C. Mi, “A Double
-Sided LCLC-Compensated Capacitive Power Tran
sfer System for Electric Vehicle Charging, "IEEE

Trans. PE, Vol.30, No.11, pp.6011-6014 (2015)

[8] Shunya,Kuroda,Takehiro,Imura; “Derivation Compa
rison of Efficiency and Power in Resonant Circui
t of Capacitive Power Transfer,”

[9] K. Dautov, R. Gupta, and M. Hashmi, “A Perfor
mance Enhanced Dual-band Wireless Power Trans
fer System for Practical ISM Bands” IEEE Asia-
Pacific Microwave Conference, 2019

A YL RAENIB



