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Metal-object-detection System with Five Searching Windings for WPT Systems
Keita Furukawa™, Keisuke Kusaka, Jun-ichi Itoh (Nagaoka University of Technology)

This paper proposes a metal-object-detection method with five searching windings for wireless power transfer system of

electric vehicle. The proposed method detects foreign metallic objects with induced voltage of the five searching windings. Small

foreign metallic objects are detected with measurement of variation of low-induced voltage and differential voltage between two

pairs of searching windings. The fundamental proposed metal-object-detection method is shown with prototype of the

transmitting coil and Quarter as a metallic object. As a result, the metallic object is detectable when threshold RMS value of the

differential voltage is 20.9 mV.

F—O—F: UYL RENRE, @FEEY, Bomil, mitiaAor, EiEE
(wireless power transfer, metallic object, metal-object-detection system, searching windings, differential voltage)

1. [XL®HIZ

IR, BREE~OBLED O E{TIFIC CO2 OHEHA 2 WER
HEE (EV) <, CO2 DHEHBDRNWTZ T A g T
v RHL (PHV) OB THEO, EV R PHV ~DFEE
FRE LT, FUEHEOR BB OB A1, BR
PSR L CEN MG TR EMFE I NCL A YL
ZEMERE (IPT) BMEHSRLTW5H006),

IPT > 27 A TIE, Fdas (XE) [l sl (E) Mz
NENIZEEIANVEREL, BRNIEESEHZET
TRLX—%ARET HO0, FEIEERE, @RJ-O Y
HNBRATDE, EEEOBRRIC L > TR NI
BRAEL, EREVYMBRBAI NG00, ZOE, Ripo
Fk - R A VOB, VAT AOHRET L Vo7
MENBRE SN OW), B3 EEE NN RKE VI L ER
2720, SEATARSE T, SHACHER D 1.6~2 FlZIfl L Tl
ENEHT D ENIEFERD RSN TNDD, Lieno
T, EV X PHV [T OKRER IPT VAT AL, 2EAEY
@ﬁ%%%PWT@ﬁT%&%%ﬁzgfkéﬁm

EV =° PHV [T D IPT ¥ AT AZBIT % BB H Ok
E LT, bEFH, B, $FMﬁ@ﬁm%%ﬁ@/xT
LABRE SN TNHOW), Sy FiE L LTH A T8
R —F =L L2 RO, M eFiEE LTEE
CHRIRE T T K 2RO AT S5O0, L
L, a4 70y E/NIOEREYERET 5729

WO RBEZ N T 5 &, VAT ANEMIZ/REENH
%0,

BRI FEE LT, IPTU AT A AHIENZNEL
IPT A7 ATHELLRMERBORE INLERBAEANORH
MZHETDHO0, RHaAVEFHZIEML, Bl=
ANDOFEREBILEOKE X LNMHEZRICEBRYZHRNT S
FEPREINTNLHO O O-W), Ko, AHIE»OH
92 PRI R 2l R T X 2R S0 506, Lo
L, REED IPT ¥ AT A TlE, &BEHONBIEbR

BINCHABREENIDIEFICREL, MNRENEE %
FERE X < BRI 2 FIENFRBE & 2> TV 50, —J5, Mo
ANERWDIFETE, EEMNaA VO RIZZ2EO/NE 7
BilaA VERBTDLZ LT, MEREBEMERLET S
CENAREL A2 D00, Lnl, EHoMmtaA v EE=H
Vo7 L iudie b3, BB oML, R
BOBEMNEESN50,

Z I TAFRIL T, ROBRHEIR O L 22 N EIR
Z HIIZ, 5 BB OB 24 V& VWi & 8 Rkt
AT LERET D, MEEEGEDZDIZ, EEM= AL

WCEKT 2FEEBELES 0 122D LHIBMHaA VEREET D
%&&2@@@&24»%@#%*FT%EE%@%E%
BT 2 PEZHAGDE D OWW), KRIEEEO A Y » b
i, BREES 5 i, EEMaA LoRE JI2EER
L, INEWEFEEMERBTE LR TH D,

KL, UTORMRIC/AR->TW5, £, R+ 5%
EBR A NOIMEER LTI-DD, SAfEIEEOfENT &8 LT,
R RS EEYGE FIEIC DWW TR %, RIZ, 3D CAD E7 /L
ETERIEaANVERFHL, Y2l —va ko TRE
FEOZUEETERT D, Z0%, RMEaAvEHAVTREY

176



Searching windings

Direction of magneticlix @ @ X @ VRO PO PO OO O

Winding number #n #4 #3 #4 #3 #4 #3 #5 #3 #4 #3 #4 #3 #4

Ferrite plate
o f\fh A
Tmmmmmgwmmm-\\_ OHEHHHAHRN
T Y HHAHAEEEERNRD
YYAHAHEEENN
VYA
T HHNN
TN
gEN
N
N
NNNNSEEESPMY
\\t\\~" /,;//
R
NEHEEEEH A

Winding number #n #1 #2 #1 #2 #1 #2 #2 #1 #2 #1 #2 #1

Direction of magneticflix @ @ @ OO PO R ®

Searching windings

Fig. 1. Outline of transmitting coils including searching windings.

f————— —
Mo | €——wo |
Transmitting winding VT %I L] |
Mragn | rMO:

|
I |
Jd

Searching
Va2 winding #1 d1

Metallic object

winding #2

-

Searching de § Masmio

[
Searching Vd
Viaza winding #3
[

Searching
winding #4 Va

T
Searching winding #5 Vgs

LTJ

Fig. 2. Equivalent circuit of developed MOD system.

WHRBREZ ER L, FREEOIEL DX ITRIKNT MR
E%mmﬁﬁ®%ﬁk,ﬁmﬁ& DNWTHEET D, Ktk
, WMEHFEZEN L-BE0oAHEZHRL, Mot
wﬁ@#% B EFENMEICKT LT 209mV DAL v gL K
BEEZRITDZEICED, BBV EDB L haf s
EHMHATEETH D Z L 2R LI 0WET 2,

2. EYRHORE

(2:1) EFLEE X1 HRHaA 250 %E
a2 VBT NVERT, AL ZROEE[=2A VO L
2, T RAR=ZZES WX 5 B A =2 A4 LA
EINTWD, EEIANVERICE > THRHaA VIZHERL
SNHBEDORZIND, EBRAEYOFELHMT 5, K1

IR ENTEEOER a2 A VEEFEERT 52 & T, Bl
S I~ A L5 L LTV, s, Mo A Lok
ML, K1 ROROMEICHY L TEY, KEZnhhroT
WS FRTIO L XFEBEIZIE, FHNDROL XFHEE
JEIZEATH D,

BRETIE, EBREMRLVWEEORE A LOFHREE
JER 0 12725 K5, BRElES JOHFIEE TRT 5,
Mz T, BRAMHEREER LD, R 1 EHRH
aA N2, BaA L3 Rt Av4EENENRITE L,
%n%wm%t*ﬁm#%ﬁé L CRIHSE 2 Eaw
%, M1 OFFILOEE, EEM oA VITKRET DR
FE5y ﬁ@ﬂﬁ@%ﬂ%b 7;74%:7E@&E@_F
MR R DR A LV EARCRET S Z LT, FHil
BEEF Y BALLTWS, LML, BHIA AL 1 20K
HaAw 4 20T, 7274 ha7HRo8E Ry % iR
HT&ERW, £22C, PRIEEINZHRIBaA LV 5 OF
EEEESHOBHTL2LT, Ty Ry —r%ld,

(2-2) SEEREFHBEHERE K21, @R
BYORBEEZE LI, Hl@%ﬁ@%%mfo@m:4
MIETCREREE T2, EEaALVERE=AL, &R
Levy 1P SR 3 ﬁt/\lilft%'f?%éﬂ EE A IVER It A
NTWB L XDEBEMITTHENDET Imo BLOEERD
FEREEIL, QOX»rsE)RXTEHRENS,

IMO —_ JwMTMO IT .................................................... (1)
Mo + J@Lyo
2
V, = jol I, + @ Mdzlv.|oMTMo [ ey )
Mo + JoLyo
*Mg oMo [ e, 3)

V. = joMy, I +
d#n Td#n"T A
Mo + Jobyo

ZZ T, V1, Van X ZENENEEB A L L2 A Lin (#n
=1,23,45 OFHFEELETHD, £/, L, LwoldZzhZ
IEEM AV, BYOEMBRBECA VX7 XA, ol
RFCEFO AL, vo lZBHOEMES IR TH D, S
512, Mran (ZEE A NV ERE A V#n BO, Mo 1325
EaANEEBRDEO, Manvo TR =24 in & 48R
MMOMAEA I B ABZNENH DO LTINS,
BBBMOFBRBLIL, BB AL TEUEBHRICERT S
BB &, IvolZ L > T BIH SN TR R 3 5 B
DETRIN, EREYOHLET Van DR E EREET 5,
TV R e ERE RV A XOBE, FTHHETROED
BENREWEZD, BEREEORTZHEEBRNTLI LT
SREMORERFRETH D, LL, a7y
REYA XN SWEREY TIE, T HOHETHIROES N
/J\éb‘ (Mrgsn >> Mrmo, Magnmo) . 7205, A XDKE W
REIANLHBE AL TIE, FEREBEOLE(N/ AT A —
HZEER ) A RITH BN T LE )72, HEEENE S
%, £IT, UTD 2 DOREEYUEFILELZ T 50009,
FEL Mmm=0 (#n=5%x<)

FiE2.  MHa A B OZEBEEZ® THE

9, FE 1 oKEEQRICRATEZET, Van 3@

2/6



XTERSND,

2
_ O My;moMuvo [ e 4)
Mrsnn =0 Mo + Joblyo

V.

d#n

QR)VERDFEWE—IEMN 012725720, Bt oA Liid s By
NHDHGEDOHFREIENEL DX DY, KEaAL
BRI K DMK AFEEBELZBET HULEN R 8D, T
bbb, AERMITEKT 5B & IR A 3
%#hi;wkb BENUWET D, P—Fa2T7a/ 10
VTR BR 72 T o P4 ﬁ%%o:4w%L®%Q,ll
;Tﬁﬁbﬁﬁﬁ%%é&wio R = A Lz Bl
KRR D A A7 CRER R ORI 725 K9 ﬁﬂ%ﬂ“ﬂ e
imo&%,ﬁmn4wsi%%ﬂ4w1@f%ﬁéhf
W5 728, FIFMEINZ Mg # 0 TH D,
£7o, FiE2 20T 5 2 L TABEMICERNT 5 EE
%@%%Méﬁ,@m%ﬁ@ﬁkéﬁéwﬁﬁfééo@
Hag vl tmtiarsn2, BIUHaA 3 Ehutiadg
IV 4 DFEFNETE Ve & Va1, EHLENEGE)R L (6)TER
s,

_ szTMO(MdlMO - MdZMO) :

Y =V| - = |
a2 =V, TV, fo+ jobg T
........................................................................................ (5)
\ o MTMO(Md3MO MdAMO) :
Viaze =Vas Vi = - I
Mr43=0 Mrq4=0 rMO + JwLMO

BG)X LY, Ve DRE 1, Mamo & Maamo D 21T LA
T 5, K1 OXDREER A NEEDYE, A XD/
SWVEPIEIBRE AL 1 El3mtas L 2 ES 500 1k
WZHETET DD E N2, Mdamo & Maamo DZEME LT
VY,

X 3 14 REMEDORKIZET 24 A —VHERT,
SRRy OMER (BR)) 128 - TEUBRIE
BEWICHRZT DM R AT BT FAICE LD, —F, #
HIZBET AU AOEAN L Y, BRIk T2 T e

220( 200

bW, S&EREYFEARICEROBKRRAEL, &FREY
JABECIXRFTHICHIRBIENKREL D, ZO/RE, X 3
ORI AL 1 CEEFHEEENEDT LR, BT 5%
HaA v 2 TITEROBHRIC L - THEEE BN 2,
Thbb, il 2 LEBRYEOMEA X7 X
AN LR D,

L7z ->TC, Hitaaq vHoEEEEEARE+T5 2L T,
Bt A 1 BEOEAE LY bBEEOEHNRRE LAY,
YA ZO/NSWEY OMHBEZLETE S, ZE, K
Ha i3 tmtHasnalzonThLiEETH S,

PLEE D, Mragnm OF ¥ b &R ETE TR %
N U7z, X1 OEEM = A A & o7,

3. HEaAMILERHI AT A

(3:1) HFFaAILLEBREEY B 4 IZRIE=A LD
3D CAD £ /L%, [X 512 3D CAD &7 /b &SI fERL L 73
fEaA vt oeR R mE LT L2582 b=
A > Z&RT, HiE 200mm, # 280mm, JEE 17mm OO 7
=74 ha7 (PCA0) Z/E X 5mm O T 7 U jLAr— A 2L,
FoLRCEEBEaVEBEH A NVERE L, EEa AL
IZAMEE 210mm, NEE 4mm, 29 B D A1 T LA L TH Y,
T4 baT7HRCEE L7, AT, EX2mm DT 7
U NAREEIZ, =) AV CIERR LT 8% =2 1 L % 25 fERd
BL, K1 2= A AV EICESNSER Lz, 2B

X 5@)D =7 e L0 EOER A VITFHEEENA,

Magnetic flux generated
by transmitting windings

Metallic object
Magpnetic field generated
by eddy current

Eddy current

Searching winding #1
=5 e
Y -I DG/ » 4‘_:2
\ = Searching winding #2

Transmitting coil

Fig. 3. Magnetic flux and searching windings
above transmitting coils.

Metallic object (diameter: 24.3, thickness: 1.75)

Yz

#1#2 #1 #2 #1 #2 #2 #1 #2 #1 #2 #1
number #n

Thickness and width of searching windings: 1

(@) Searching winding #1 and #2.

A _i

y ' e ‘
A 25'25 %@E 25'25 %ﬁg 25'25 2? ﬁ 25' 25 25'25'25 2525 25'25
Winding

4 #3 HA #3 #4 #3 #5 #3 H#A #3 #4 #3 #4
Ferrite plate y
Transmitting winding AR

(b) Searching winding #3, #4 and #5.

7 —_—

Unit: mm

(c) Top and side view.

Fig. 4. Size of transmitting coils with searching windings.

3.6



(a) Top view of transmitting coil.
Fig. 5. Prototype of transmitting coil and metallic object.
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