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NATUVE = 583 677 738 857 969
B#E
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EREHES 430 405 351 288 188
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BREHEE//)\1J Uy REHERS
ag 985937 1,427,809 2055403 2,908,093 3,898,315
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ENw T Y, kKB E SC /e £ D HESS DML FEAL S LTV D, FRlZ, SC &Ny T U D
HESS X, Ny 7 UDONRY—#EL SC THRA D Z EMbIEREABROTEY, FEMALIZmITEA
IR STV D, AFRTIHEIZSC &Ny 7 U D HESSIZHEERT %,
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TZE 2,
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2235 WPT OFFERIEHAZH ST 52 L2 B E T 5,
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F72, WPT OFE L LTRSS AN ER 2O TWA Z & 2k, @ fHdEhm & A5t
EANC DWW TS, & 512, WPT & HESS ZflABbE D =R VT -V AT AEREL, &
BIEEO/NULPRHIFRFTE L Z L 25,
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2.1.1 KBERXR—/IN\—F ¥ /L4
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7 5 i-ELOOP BBR STV 5 9], Z4lE, ZhETON YT U CIEEITE TWhigino iz
FIAETRALF—Z2F ¥ XU FZICLVFEINTHZ LT, BREZALIEDLVATLTHDL, 2D
i d, JERAGERTF T Nk EBEAIIGH SN2 Y, REHEIF TEFRASETHLHEA~D
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X 3: < 4 i-ELOOP[9]

SSRGS 20 &EREER S TW5 [10][11],

2.1.2 XN RENYFYUNAT)y FEBEE

FR L7k 91z, SCITiZL oFERZ D5, K 4123y 7V & SC oMK L=7 T 7%
T2, K ARE, SCIEANYT Y EHB L TRT—BERKEL, Ny 7 VIESC Lk L
TIZRNAFX—BENREINI NN, 20Xy TV ESCIEFENETNA AL RE%E
H0, ZOMITORRZIEED DN SC &3y 7 UDHESS THY, HESS IZBET 058038 A
2B Z bl T [13]~[21], 3CHk [13] Tix, HESS O[aIEMERIC W TR THhIL TR Y,
HESS ORISR K E <HKFET D720, SC &Ny T U ORISR EIEIE 2 BRI
WCHERNT DTS, F72, Sk [14)~[20] TIE, SC &y 7 U offa s L <3S 5
T & AT % DC-DC 2 > 3= OfilfliEE L O DC-DC a2 v/ X—% @D hRr ¥ —{Z2W\ T
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X 4: N T U Xy ST X OMREE [12]

TS, SCIHFIZCZ XV EF—RENNI WD, TRAX—< R RA L N2ITH 2 ET, A
LORMZEDL Z ENARETH D, 2D X HIZSC &Ny T U@ HESS (ZEFBIHEO/NISEA
HIAD 5720, KEFHINTWD,

2.2 HMRAAKRESAXZRAVEITAVYLRABAEE

SUEEREWUT 5 WPT OFRIRE ST B EUTO 3B HNAREMTH 5.
o BRI N

o A7 miHR

o BREIRAE O AR

BRHE T, —MRICHFEIT 0% LU ETHE KW DL EOBEBIMEENEILINTNDR, =7
Xy 713 em TH Y K¥ ¥y 7OEEICITE L TR, v 4 7 a0, FEFICEEEE
DIBENFRETH D0, BRI ZFIHAT D7D ANE~DERERZ 2 5N L0, WEEH
R TOREITHE LW EOMEDN H 5, BRI S N, Bt om ORF vy 7% 90%
ULDENRTCRENEIET HIENTED, 2O, L ITEKHBHL & OIS
LTWDEBZ LN, ITERATHFEMTONTWD, TD7H, AR TIEIWPT 05X E L
THES RS X2 E 2 D,



X 5: KAIST THI%E & /- BB/ % [29)

WA IR & 720 (Magnetic Resonant Coupling : MRC) 1%, 2007 42 MIT (Massachusetts
Institute of Technology) |2 & W £ Tz [24], MRC IZKF¥ ¥y 7 & @R CREN Z1
ETDHENWRETH D720, < OWZEL BT TOIL TV [25]~[32], EMLDOFIL LT,
W ERFEPE (Korean Advanced Institute of Science and Technology : KAIST) Tid MRC (Z
2 WPTIZ L » TEITH LAFHEPIZFHE LT O 5 O X 5 72FEE) /S AHPHIE S F0EML L TV
% [29], ZO/NZOREFRITIT, 28km OFEATHIRMI 6 U CTHEEYS, SRFTIC 8m D FEHEfbiin AR
fifi & 4 (ELERS L 723636 L % 30m OIHEAMFGERH N HOIAEN TN D

2.3 NAT)y FEBEBEADTAVLRBEDIGHEHTIERE

PLEIRART= L 51T, 58, HESS & WPTIZZNENREFH Z RO TW5H, SC &Ny T
® HESS (3ZEHEE O U —FEELICH S L, WPTITR= XX —FE L5 2 & AhE
Thb, €I T, AR TIEHESSIZ WPTIZ X 2EEFIMXGELICHL, S5 nEEHEE
O/ EBIE LT RV — AT A ERET 5,

ZD L&, 3ERENENOR| DD EBERR O BRAARI T AE e HESS O B EAFEET
%, Z DO’z HESS O FHEZ 1% #5IX»%~VX7A®/XTAuﬁ®Eﬁ% L0
%“@Eﬁﬁ%%%v(ﬁ%%’%%ﬂ’?%n ZIVE TRITEEARIC R D LIV TV R
Gk e , REBWETH S, \_MEVC@E? T, ¥Ial—ya ik hELE—
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A TO HESS OFEXHFHIBT 25 EH 528, HEFEIMXKBEEEZBE L bOITWERLE 20
33], [34].

F72, WPT OREHREOHH S, MRC OIRENE & ZEENIZEMOANA v E—F
ALEA L HZ D 2 AR EIC LD IREESND [30], EEBMERZ &0/ ERLE R L F—
DBLRP D REIREENR RO DI, EBEEORELMERFMICRY RNHDZ 201D, FIEO
ZEE HEBT D MEND S [38][40], SLITHIFETIE, ZNENOMEA » F 7 X 2 RTBW
THRRBERDAMA LV E—F ARFIET D70, ZEMDC-DC = =280 /i
TOAMA L E—F U REHIE L, hRE RS DFERRESINTND [35]~[37), Ll
ZOYE, EEMELICEVZEBNNRET D70, ITLENE KRBT 572012 TBEHi
ERAWDOMERD D, TNETIE, BREEZAWEREKREEDR L T2 EENCET 5%
PATONTNDD, ZEE LBEDEROBBRNERIICHL SN TR LT, ZEEHN
AT DA R e S BABEN BT D=0 EENEH L [41], D72, EZEM Tl
Battbd, BRRKDFBLWITEENZERT LI ENKRESRBETH D,

24 FEOH

ARETIE, WF7ED SC oA & SC &Ny 7 U o HESS O ZEEh I >\ COR L, £
7=, MRCIZ X% WPT ® EV ~O#E @ EIc >\ THoR L, =0 HESS & WPT IZ#n2h
N —EEDR EE R VF—FEEOR EZHE LTI TEY, ZhbaAitby
52 ETEBICEHEREED/MULRFRETH A D Z L E2IBN, TOZRALF—T AT LITON
TIRELT, £z, WPTIZL D2 EEEBE~OREICEL T, ZE MK DRI L ERLT
HIGEHIENER Z BTN DLR, ZEEEBEDEOWMNL L VI END, I 572 DMEEN
VB THDH I & xRk,
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EHERRRIANVYLRBEEZTOF v/ Y
BNy TYUNATy FEBEBENDBEEL

L=
aX A

AT CHulb 72723, HESSIZ WPT IZ L 5 EE I RGELICHTHZ LT b EEE
BEO/NRULNBIFFCE D L E XD, KETIE, TXNVF = AT LDV AT ARFOHENG
IS D ER AR 2 UV C HESS OB E R FHEZ BERAICHH Bz 4 5,

3.1 ERMHICHT EBLB

AT T HiR 7273, HESSIZ WPTIZ X 2BEEIMXR Y A ¥ L AfgEZICHT 2 &, 3EHEL
BN ORI S 5 BB R O BRAAR IS il 72 HESS O R ELLAFAET 5, AETILZ Ol
72 HESS OB FHERIRE T HT RN X =L AT LD Y AT ARFHOEN S, BEIEESE O ERA:
BA O CHEERIICH ST 5, EBEHREIE ORI, EEESE 4 23 2 B LB AR TR
PEREDN DR E D0, K@ﬁ?ig%%%ﬁﬁg%ﬂ%’Lkﬁﬁ%ﬁmhf&ﬂ%ﬁéoﬁ%
MIIZ HESS ORXFHEN NN/ 5H 2 & C, I o2& BEEORELHMYICEKET 2
CEMRB LD, TNETOMIET, YIal—rail ;é%%~~1f@Hm$®E§ﬁ
FHCBET 28sCEdH 20, BB ELBE L Ciel L7 b OIXWE LAY 72 57220 [33](34],
Fo, BHEKRELZZET DL T, KERFOBIOBERA  F~OBENIZ L 58K, FE
EEDONT —BEOEAI: EBET NENT A—Z TR E 220 BATEE RIS RO G 2T D
CLITE VN 2D, BRIEMROESRMAED S KA R NT A —F & AV CEERAC X 0 f#
RICRERLZFHFICTENL, KEARTHD, TODH, RKETIE, ERMEEEEZ L Lz
X — LN —D/NT 22 FEH LT HSSS OFmILEREH 21T O FiEERET 5,



Motor for work

Hybrid
Storage

Traction motor

Power
Source

%] 6: HESS |2 WPT (2 & 28 5InlIf KiGEZ ) LIz Edhi#as DA A — VX

3.2 REHFHITALWSIEFHADES

3.2.1 BEITBHEETNNEI—2

HESS % & >EEEIR~TU A Y L AKBE Y AT L& 0l LEHEORAXNEK 6 (2Rd, A
BEcid, M6DEITWPTICEYRET VX —% HESSICHEBEL, EITCMEEICHWD
TN = RAT LEEZD,

BEWEARIC HESS 2858 L, WPTIZLAMEZIEH LR X —2 27 A% K TITRT,
Z ORIFEMERK CTIE DC-link EBEIX, Ny T VEEICEESND, SCIZHER S T\5b DC-DC
2= Z X SC 5 DC-ink (2T 2 Eiidl#E 2170y, SC &3y 7 U ZhEns b ida+
LT —EHET 5, NTU—T7 e —HOfREE LT, Ny T VIS L T
O AR L TR—RABE N %, SCITEm Y —BEORBEEN L T —27 BN 2
% X O ITHIEATT 9, WPT 214 0 DC-DC =t o /3— Z UG & R 7= 2 B oAl
EHET D Z & & HICHAT 5, BH%ICDC-DC 2y =2 2845 2 LT, KkEfsik
BHROEBCHEBEENHIEH 2 EHT D LN TE D, HESSIC WPTIZ LB EZIGHT 5>
AT LTI 2 IR BIEAERL N E 2 DA BARETIE, X 7oRE#RExIG LT 5, £2, K
LTI Ny T VBRI L D EESEHEOZ IOV I HO 7= 0EE L7220,

3.2.2 REEQDTEE

PLED X S 7e RV F—V AT L b Ol O HESS OK B %, EEERS O BR 4
MO ZITH, AETIE, BERMEEZHWTCHEERZITO 20 0LMEXR2E TS, Ak
ST, 8D X HIT, FEBMGBHENOR THUS ETICH D WPTICLABERA L K TE

~10 -



_—— 4 Hybrid Energy Storage System = =, == 7 7 = === ™=™=™ 1

: . DC-link ! |
']

1 1 ; Inverter Motor :
I Battery I —l— . @D 1
| | 1 1
I Control power flow I I 1
I between battery and SC I I |
[ 1 L :

| 1 | Motor
1 Supefr DC-DC | I Inverter ® I
Capacitor Converter |
| | [ I
e iy SR ! | I
L — — Traction System — — -

DC-DC
Converter

2 d
Power Control load impedance
Source

Wireless Power Transfer System

7: HESS (I WPT ZJSH L7 v 27 AKX

HEFRELZITVOMEET L 2L E2EX D, ARFTIE, BHEOTZOEFEMBICHERA >~ M
RET DL ENET D, BEEEBOREXFZE 2 HBE, BESNDEDOL ) R THIE
HATELLOEATOUV—A N =R EZEZ D0ENH D, SCIF/ Ny T VITHEHE R FliE
1258 <, ZBRBIZLTHHILLRY, 20D, HESNDLITU—RA Nr—ADEAIT SC 1345
HEARA L MZBWTIREZERLREIZRD L)ICZRAF—v XA MEITV, SCHOLIET
LERET D, ZOXITRETHZ LT, WHERA L METSCHANYy TV ZT A5
Z ENAMRET HESS ORI R ATENT Z ENTE D, £, SCRNNy T U O AHHEPHILETK T
X DEFHMOME S U <IZBLEF LT 572070 Sl X 0 NGRS, 2278
EHFPHIC BT 5 = x L F—D TIRIE L T2, Z2d, SEIOKFTIX, FE{ko7z® DC-DC
T NR—H TOERRLEBEB CTOEK, BERA L FBET L7100 LX—7 L35
JE LR,

AR CRELHFFCHNDERNTA =2 52K 2 £ 3ITRT, Ny T VIIRETIELIKE
DD KR ANT =R D L WHIWEE O EME Lz, ZD7H/ Ny T U OFER L B
DIRANT —IRIOfEE L, SCIEFERE & RN Tl K/ 3T —I13F Ul & HE L7,

HESS (2 WPT # W CHET 554, HESSIZSC E XNy T U D2 o0EHREFHFOIZD, #
BARA L P TENENICEDRERET LHI0E 1L >OEL LY 5 5, SREIOMKRETIE, SC»
BT —EETH ) EHE R FEEICH L THHE L TWb 72, SCIEWPTIZXL D REARA
MZBWTHEEMAEB LTI L ET5, NyT VIO TIE, BEEQEERT L. QI
ERBIZXH L TEDORENYy T ) —%2RETH0O0EET, Q=005 FHEKRA b
IZBWTSCORIZKEBTHIEEZRLTEY, Q=1D8A1E, NyT7 Ul EE TR
BTAHZEEZRLTND, Q =05ThiE, FHERA FTSCIZHAERELDD, NyvT
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Charge Point  Charge Point ~ Charge Point

W __

O e

O U ~ ()
)
Charge Point  Charge Point  Charge Point

8: BEMEATOEE S — D

BOYSOTRNX = RETHI KT, D0, QIEFFHBENRA L FTO
Ny T BRI FX—DEEQ = ASOC L EFRTZSH, ZOQIZL-THELIND

U —IZi3ess
U Oy
HESS DF®RIIRELELINDT2D, Q DIEEERD 1 5& B 2 RitaiT o7,

3.2.3 ERIRILFT—IZEHTHEHK

8D X I BEEZ T T-E OBEMELE D HESS MER T 5 = % L X —Z{b DA A —T X
ZX 912577,

BHAERA Y FCRILEOZRX VX —2FKETH EBRETDH &, EIEIRS 1 B TEEIN
}:)/\%I‘Z\}l/q%‘—‘ Ech?"ef j:, K (3-1) DL 9 L%éhéo

Ep — Ey
n

Echref = (3—1)

2T, EREBRMT ORNCIE, FEERRAF2ICHD LB EFBLREDWIEEOIREN S I/E
R BMGT 5 LIET D L, HESS OFl= L — Eyid, (3-2) DX HckIND,

Ey = {(1 — a)epa + aesc} Mupss (3-2)

E7-, HESS 8 1 EOBETHRET 53X — Ey i, Q2T (33) 0L ) IcRSND,

Eo, = {Q(1 — a)epat + aesctMupss (3-3)
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#% 2: HESS & WPT OEH /T A — X DEF

Ep [Wh

Total energy for operation

Ey [Wh

Initial energy of HESS

Echre f [Wh]

Demanded Energy per one charge

Pp [W]

Maximum power

PBdais |W/kg]

Discharge power density of battery

PBch [W/kg}

Charge power density of battery

egat |[Wh/kg]

Energy density of battery

Epa [Wh/kg]

Energy of battery

Ppais [W/kg]

Discharge power of battery

Ppen [W/kg]

Charge power of battery

PBchref [W]

Demanded charge power of battery

psc [W/kg]

Power density of SC

€sC [Wh / kg]

Energy density of SC

Pse [W]

Power of SC

PSCfref [W]

Demanded charge power of SC

Esc [Wh]

Energy of SC

P, dis [W]

Discharge power of HESS

Pcha’r‘ge [W]

Charge power of HESS

Echa’/‘ge [Wh}

Charge energy of HESS

7 3: HESS & WPT OEH T A — X DEH

«

Weight ratio of SC

n

The number of charge

Q

Charge degree

Py pr [W]

Charge power from WPT

Mpugss [kg}

Weight of HESS

Tcharge [h]

The total of the charge time

Lo T, HESS BHAERA > F T BETD2ZFXNAXF—BREBTRE =X LF—LL ETHIIZIE
HEIIMHE Rz AN X =2/ 5N T, A (3-1)~(3-3) &
HEOE LR BN DEMT Bapey < By, 105, R (3-4) D LS ITRkDBND,

Ep

Ry Ean

n{(1—a)epa(Q+ %)+ (1+ )

< MyEgss
Oéesc}
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Energy of HESS (Wh)

\ Ep = Ey + nEcharge

v ! ! 1

) charge  charge charge

%] 9: HESS DT R X —ZADA XA —T K

3.24 EXRHAHABHEXEEHICEHAT HEHR
HESS N S ATRE 2R g KX T — P 1%, N T U —L SCOHIRU—DEHTHDLEEZ
HNHDT, N (3H) DEHITERIND,
Puis = {(1 — @)ppais + apsc }MuEgss (3-5)

£oT, FEEEOHNINT—HENPOROLNDEMIL Py < Pys £V, X (3-6) DL HITEKRE

Pp
(1 — &)pBais + apsc

BEEAR WPTIZ XY BET LHBRORMZ, LITFTOXICED D,

< Mygss (3-6)

e WPT Z i K ) CHEHT 5
e SCOREENYyT Y —DOREOKK TR 2[R CIZT 5

WPT & KINI COFERZRET 52 LT, RiET 2 WPT OR(FLZ#ET R DICTE D, F
72, SCH LIy T VDR G OHLZEFTETLHENELDE, TNENDHTRENY —%
wWL&TMiﬁgi*ﬁ%%#kmm¢é ZDl, SCENYyT Y DOFERFMZET &
L, FFETREBEBLTWDOGENRE LW ERE LT, 22Xk, 51%%&*#(@5%
WEOBEREAERMHE2HE/METE D, ZRDHD2 00523 720I121%, SC LNy T
ICHRE LN RLF— @%Tﬁﬁﬁﬁﬂmm_ﬂww%%A?ﬂiiwo_;T FEFEET]
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# 4 RET D ERAAER &L EBHEE O T
Ep 4000 Wh
Pp 20000 W
epat | 80 Wh/kg
esc | 3.6 Wh/kg

pBais | 300 W /kg

PBch 100 W/kg
psc | 1000 W /kg

Pwpr | 3000 W

T HESS " WPT L VBT HENTHDH, 2F0, SCENRY T UDRKRENY —DE/EIE
N (3-T)DEHITRSIND,

Ppehref: Psores = Q(1 — a)epar:aese (3-7)
if:, Ny Tl @}E@E/Qljb_ PBch & SC @}EEE’/\U PSC iﬁ%/\7~%§pgch L Psc D

NEN (3-8), (3-0) DL S IZE NG,

P, = (1 — a)Mygssppen (3-8)

Psc = aMygsspsc (3-9)

FETLZRNXF L TREBNY =L/ T H720I2E, SC &Ny T UERENDR, B3I
LIRENT =X ANONDLEND D, %@f:&ﬁt (3-7)~(3-9) LV REARY —DHE NS
BB ML Poenrer < Poeny Pscrey < Pse 15, ThEha (3-10), (3-11) TR 5,

QeBat
PBer{Q(l — a)epa + aesc}

charge S MHESS (3‘10)

esc
psc{Q(l — a)epq + cese}

INGDORMEZmMT-T G, FTEREOGGF Toharge 33 (3-12) TEIN D,

Ep —{(1 — a)epa + vesc Y Mupss
Pwpr

PUEDR (3-4), (3-6), (3-10), (3-11) 22572 % 4 D&M & WTT Mypss 7RO b D%
WETIUE, B/ OB CTERILEAT 2T 2 LN T 5,

charge S MHESS (3‘11)

(3-12)

Tcharge =

~15 —



3.3 BTEHRTOHEHRLER

3.3.1 QFEELEEZE

F9, RN TA—HDOIBLNRTIVDFELEQ =1,0,0.1 IZET L, Hfhza SCOERL o
ELTEGAEDOENEFNDORME HESS ODEE Mypgs (COWTHEERT H, F72, HBERBIT
1, 3, 5, 10, 100 [HDFE %77,

Q=104

Q=128 2EM Lz 4 2O (3-4), (3-6), (3-10), (3-11) OFFEAE R LK 10 12577
X 10 (b), (c), (d) £V, ZHOOEKMHEFHBEIIEEBSNARND, T _XTOMEEI TR
CHIfR AR 2 & Wbnd, £z, 10 (c) £V, SCOFTBE T —5ME, SCHFE Y —FK
FETH D72, HESS DEEBNMMDSIITHAIEFIT/NS N LD D,

BT R EEEEEIL, K100FFL2TXTHAETHERS L, £, K 10 DFER%E
L, ZREND a lZB W TR L 2 BEEOFEIEE LB Lo 2y, X 10
DFERN B ROT Mypss 2 11 12R-7, 10, 11 £V, a2 027 L0 /hSWEEIZE, HhH
NU = E3RO B D A (3-6) 128D MHESS DREEIND, SCONRT—EE TNy TV
L0 HREVED, aW0.27 LV/IASWEAITIE, o OIS U T Mygss BT 5, X
mlli@,aﬂOWka%mﬁA_m,A/TJ@ﬁ 58T — @ﬁ#%*@%hé*#ﬁ
(3-10) 12 £V Mppss WIRESND, ZHUEQ =1DHAE, Ny T VICKHERA > TR E T
THRETDIHRENSNV —BRBEIC/RDHZDTHD, aﬂOﬂi@ﬁ%%ﬁA 1, &M (3-10)
2t 729 72 DI a DEENNZIG U T Mypss DMEMNT 5, 26 O5EMEIE, REREn ITES
Nz, T _CTOKMERZ TR Uiz <,

:mg@ﬁ%ﬂg Q = 1D%H, Mypss 1T (3-6), (3-10) DEEFHEL Y SED & & fe/IME &
2%, 3 (3-6), (3-10) ITFEEEUIZ L RNV TH D72, Mypss Dic/MEITAGERHIZ &
SRAAN

Q=00BE

Q =01ZBITHEM L4 20504 (3-4), (3-6), (3-10), (3-11) OFEMEREEK 121277,
X 12 (b), (c), (d) £V, ZHEDOEKEFHBEEEIFEBS RN, T X TOMEEI TR
Uiz 2 & bnd, Q = 0D%GE, KMERA L N TRy T VIZKEBLRWZOK 12
(®®A/7)®ﬁﬁﬂv~*%i0k@éo

4 12 OFERD B R D72 HESS DEE Mypss X 131277, a OEINT DIV T Mygpss 2355
VI BEPHTIE, SCOFENRY —FMEX B-11) 12X Y Mypss DRESND, Q =0 DEA,
SC NFEENY —Z T XTRINT B720, a DI T Mypgs 1345, a O#EINICZS
T Mypss WHNT 2P CIX, =X —FHR(3-4) 1280 Mypss DIRESND, ZD
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200

150
) o
= S
% 100 %
= =
50
10 1
0 — 0 i i i i
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
SC ratio o, SC ratio o
(a) Constraint of demanded energy. (b) Constraint of demanded power.
3 ‘ : : \ 200
—n=1 —n=1
2.5¢ n=3 n=3
n=>5 1501 n=>5 1
2t | =——=n=10 1 —n=10
vy n =100 0 n =100
“ = ] i
é) 1.5 E
= =
1 L
0.5
0 i i i i 0 i i i i
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
SC ratio o SC ratio o
(c) Constraint of SC charge power. (d) Constraint of battery charge power.

X 10: Q = DHEITIBIT DSt

200

50

0 0.2 0.4 0.6 0.8 1
SC ratio o

X 11: Q = 1 OEFHITEIT D HESS D EE
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200

50

i i i 0 i i i
0.2 0.4 0.6 0.8 1 0 0.2 04 0.6 0.8 1

0
SC ratio o, SC ratio o,
(a) Constraint of demanded energy. (b) Constraint of demanded power.
200 1
—_—pn= —n=1
n= 3 n= 2
150 n=5 |1 0.5¢ —n=3 1
_ —n=10 _ —n=35
g n =100 2 n=10
] ]
E 100 E 0
= =
50 -0.5 1
0 i i n " -1 i i i i
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
SC ratio o, SC ratio o
(c) Constraint of SC charge power. (d) Constraint of battery charge power.

4 12: Q = 0 DHEITIIT DKM

200

0 0.2 0.4 0.6 0.8 1
SC ratio o

X 13: Q = 0 DEFEITEIT H HESS D EE
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A CTRERIE n D7 WA, o OHIINIC ibﬂgﬁswiﬁwﬁ—%ﬁﬂﬁwﬁék
¥, Mypss DHEIMNT 5, £72, K13 LV #EEREK n 245 B, Mugss BRE 72
T RN —BELFFOVLENRNTZD, a O mbewmsiﬁﬁﬁé

IRHDFERND, Q=0DHE, WMERKE TSICENDHAITILSC DAL EEIERE L L
THHET XV, £, MEREUCRY 235 555100, Mypss 13R/MEZz b5, K (3-4),
(3-11) DZFEZMRR Y LD & Eh/MEL 725,

Q=010BA

Q = 01123 2 L= 4 DD 4 (3-4), (3-6), (3-10), (3-11) OF AR A 14 1077,
X 14 (b), (c), (d) £V, ZHOOEKMEFHBEEIEES RN, TR TOMEEI TR
Uiz < 2 &b b, M 14 DR HRD7= HESS OFEE Mypss %X 151277, a®
HANZIS U T Mypss DB T 28 TlE, WU —D5MFK (3-6) 12X Y Mypss BSIRET
5o aBREFERE D DDV WEEIZIE, = (X —OFMR (3-4) 128D Mygpss DIRE
T 5, aPREL, BEEHE A BNZWEAICE, N T UOREART—OFRMRIZLY Mypss
DRET D, Q =0.1 DFFITIE, =X —, U —, NyoT UDORE/NNT—D3DD
FMERITEY Mypsg DIRESN D,

INHDQEEE LIEGEORFND, THEND Q LIREEE n IS U T Mygpss & i/
b2 an®HLT RN 5

3.3.2 SCEELLDHEIE

X 16 12 Q &L SH72HA D HESS HR: Mypgs DFNEND QBT HR/Miz 7 a v
LT Z RS, 72720, SCOLEIFZENEND Q T Mypss i/ THHETH S, X 16
E 0 ENENOREBEEIZENTH D Q TRAMEDRH D Z L0 D, 61T, ERKNS

WIGEIEE Q DENNSWE ZATR/MEE 725, ZHUE, MERENEZL 2D L, KiaENR
AV MRy TVIZRBTLHZXNF =P/ NEL TRWI & 2T, fMEREMHE +712%< T
ELHAEITIE, SCOHEEBIE L L THHTNVIEBERE L /ML TE S, 2086, SC
DT —FEEIIRENVDOTWPTIZE D REBENIRELS TED, £, /MEL 2D L&D
ST, 3 (3-4), (3-6), (3-10) DEE NV IO L X THD, ZIUESC D/RT —FHENR KX
728, ARIOZEMIZBNT, SCOFE T —DRMK (3-11) 28 Q DENIEFIT/NINWGED
H Mypss D/ MEREIZEEL 52 516 Th D,

X 16 £ v, ,Aﬁﬁlé@kﬁ:%b\io#i@ Mypss #/WES TEHZ ENDND, D, #
BEEE O/ NULD T BB E FSICERT D FNREY, L, EERICHRERNKE S
< DI i,ﬁ%f%/k@ RECIREARA & F~OBEIN LD ZME L5728, EERIC
HHTE DFREREEUIIR Y 3d 5,
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MHESS (kg)

0 I

0.4 0.6

0.2 04

0.6 0.8

0 0.2 0.8 0
SC ratio o, SC ratio o
(a) Constraint of demanded energy. (b) Constraint of demanded power.
3 70
2.5 60r
507
27 —_
2 a0
1.5F a
9 — —
—_—= §l‘ 30 n -
1 n=3 n=3
n= 5 20 [ —n= 5
—n=10
0.5 —n=10 i "
o 100 10 —n=100
0 i i i i 0 i i i i
0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8
SC ratio o SC ratio o,

(c) Constraint of SC charge power. (d) Constraint of battery charge power.

14: The case of Q = 0.1.

200

50

0 0.2 0.4 0.6 0.8 1
SC ratio o

15: Q = 0.1 DEGAITBIT HHIKISE
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0.2 0.4 0.6 0.8 1

X 16: F£FEE ) kW DA 1T 5 HESS D HEE

0 0.2 0.4 0.6 0.8 1
Q

B 17: FREES 1.5kW O5EIZH1T 5 HESS OHE &

3.3.3 WPTIZ&LBAREEHDEE

WPT IZ X5 REHEN% 1.5kW, 4.5kW & LA DM 16 O X 5 2K E X 17, 18177,

DFEFRIND, FEENEZRELT D EAFEREIC féH%S$i@md1#k%<ﬁé
ZEBNDND, ZhUE, Ny TV ORENRY —FMHENT-T 2O LY KE 72 HESS BB &
RO THD, ZOREND, FHEEEO/NUGIZIZWPTIIZ X 2 FREES) Z ATRE72 R D /)N
SLTHONRERNN, WPTICLDKREEN /NS THE, REFHNLVELS D, 20
7=, FEFREHZZE L TWPTIZL D FREENEZRETIIL, EOEMICHIT S HESS HiiE
Di/MEZERDDH Z ENTE D,
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35 —n=1
— =
—_—
30 —n=10
25 ‘ : : :
0 0.2 04 0.6 0.8 1
Q

X 18: FE&EFE 1 4.5kW DA IR 5 HESS O HE &

E7o, REBNERE LT 21T L EG#R Q DEIVNS <25, ThUE, KERKEEST—%
W T2 DIZF v XU Z 035 L TWD 2 & ERT,

3.4 HESSOA=Zitigst

Ubo Xz, flpmilidst (3-13), (3-14), (3-15) /=7 & 2 ifHFEbhnd,
Ep

P (L= @epal@+ D+ (1F Dacsc] 15 (+13)
Pp
- M 3-14
(1 — a)ppais + apsc fess ( )
€Ba
Q Pat charge MHESS (3_15)

i@l — a)epa + aesc}
WPTIZLDREENN—ETHDLERETDHE, BT Mypss,n,Q,a D4->ThHhbH, £D
7=, SBEIOKMFOEICT DDONRTFIA—=FERETDHZ LICLD, F/heled Mypss 3K
HWHZENARETH D,

INHORERNT, TENENOFTREENNCBIT D Mypss & RBREBOEF Toparge 1EX 19,
20 DX HITRDBND, AEIOERMAFRTIE, RO Ny TV OLOEHEE 2 D & HHOE
EAEE T 55 kg METH D, ThizxiL, X 19, 20 DFRERNGRET H AT AT, #lx
ain=5RWW:3MN&¢5&QWW:onumw$:3&gLﬁL_mﬁf% %

BEORZEZBLEI0NELTE 5, £72, n =05, Poarge = LKW & LA, Tonarge =
2h, Mypss = 30kg |[Cfciiiak sl CE EHREEOERITI L2 HWETE 5, ﬁ wL CIRET
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hdhnnunn.ﬁlHESS(kg)

25 ‘ ‘ ‘ ‘
000 1500 2000 2500 3000 3500 4000

PWPT (W)

X 19: F£EE S & HESS O 8 0 &/ IME o Bf%

0 I I I I I
1000 1500 2000 2500 3000 3500 4000

PWPT (W)

X 20: JEEHE S & Fe AR O BIAR

HIERNX = AT AE, ZEIAANCESIEE G BT D LB D B 72 D Bl # O Y

B EEIND, LML, ERROXIICEEEEOKEXFDPAETH Y KIBICEEEE 2K
WT& A2, HEAEELKBTE2LE25, £/2, KL TIXEREICER L THRHZTT-
=0, FNEFNOEBRKOREEE 2V IUE, AMERFELFRICFERZHVD Z LNk
ThD,

:ﬂ%®%%753%, Pchm«ge %fj(% < 'Tszj: Tchm«ge %/J‘é < T?—f VayA MHE‘SS Z’)‘j(% < fci%)o

DFEY, Toharge & Mupss \ZIE b L— RATORRESH Y, BEWESROKRD % ZRAAR & X 19,
20 N OREHRGTNAETH D,
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3.5 F&H

ATEIZ BV TR CES H B HIC HESS ### L, WPT IZ X2 EHIEfaE 21T 9 =%
NEX—V AT LERRE L, KETHE, ZOTFRLF—U 2T ACBWT HESS OARH O
WEN DD Z L AR L, BEEROBRARRCIES - HESS OREHESI 2R LT, Ny T
VOREEQEERL, TNEEELELET LI L TENETNOREE QIZBWT, HESS ®
HEAH/IMET D SC LNy T VDRSS a P FET D2 L &R LTz, & HIZHESS # &M
T5HQMNFETH L BRR, ZOLMBITHONTIHRAT, ZNEDFREREND, BEEQ 2 ER
J 5 Z L THESS IZx 3 2 HkaE 2 0E L1246 O HESS Ok EHEE 2B b Lz, 2o
AREHESZ FVVTRREHEAT 9 &, EORAARICK L TRl 2 S B EE O R BIL A3 5 2 &2
AHEC, ARE L2 ERABETIE, n =5, Phage = 3kW OFE, Ny T U OBLOHERS A
T AR HOEEEEOER L ONRERRTE D ARBENRHDHZ L 2R LT, BELLT
FNX =V AT LY, XBEIAANRBENEBES D LETH DN, & EIEE 2 RE I T
HICOBEMOBENAIETH L LB XD, £, MEREN 2L ENDHAEITIE, &
BEEL L TX Y VY OLEBEHT LI ENRETHY, 2086, WPTOREETHK
ELTELIEEWLMIT LT,
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F4E

MAEIREEARICEDEITAVLRBEIZH
[T AZERIBEFHIEIZ K SEEE HHIE

AT, Y AT LARFOENG, HESS ORGFHEZ BERIIIZK D, %%’H%S@ﬁ%%
AT O ZENTE L FELRE LT, KETIE, WTT®%“%@@E% , fEEFICE

% WPT OB D X 552 BEIHEI SOV TR~ 5, ZEMOHTHE ﬁ%ﬁﬁ?é &
T,Wﬁﬁﬁ%ﬁj;kﬁ<,ﬁm%m%%%@*®5% BHEIRET DI ENAETH D,

KA
Yl

4.1 TANVLREEDGEENERLEZEEN

H

4.1.1 BEHEREICESIEEDERLEZEENDOEEL

MRCIZ L D WPT XX 21 ® X 5 725 lim K TR Z ENTEX D, TNETOMITIE, X 21
ZROTIRIT A TON TR Y, FRBRERUEIEENICER LRI Th T [30]~[32),

B 21128 WT Ly, Ly lZENENREMB L OB M aA VORCA F 7 Z A, O, Cy
TENENEBAB LOZEMOKEE = T o ORE, Ry, R HMEFHEITHY, AR
(EIRERBEIZIS C TR LRV, Z BT ORAMA VB — X U A TEARTIE, EHTHLEE
#7 D, BMRIEREGTH D20, EEMEZEMOELIEAEELE w BFET, 2F VKX (4-1)
R T e B RO

1 1
VLG, VL0

X 21 DEAGIEE 25 AHE S OBEED R Ay, BIRBEIER A, Ry, ZEEH PLIX
B GRRERNGRD D Z ENAHET, K (4-2) ~ (4-5) LE£IND,

Wy = (4_]‘)

ng ZL
R1ZL + Rle + (WQL )

Ay =
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A N ! ‘l'f"""""-
1 ! —_—
B =) | R i
i i i Ry L | Im 2 Ry 1 i :
: o N o :
PVl o -
1 1 1 1 ! 1
(1 neoeh P
! ! P !
1 1
1 " , 1 1
i P P! i
1 1
1 " , 1 1
1 1 1 ' 1 1
. A S :
Power source Transmitter and receiver coils Load

X 21: RIS A 5 200 SRl [a]

#* 5 A IVDFETT

transmission side voltage:V} 10V
Transmission frequency: f 100.9kHz
Inductance of transmitter coil : L; | 0.614mH
Inductance of receiver coil : Lo 0.616mH

Resistance of transmitter coil : 1.5Q

Resistance of receiver coil : Ry 1.5Q

Capacitance of transmitter coil : C | 4.05nF

Capacitance of receiver coil : Cs 4.04nF

Iy . wo Lim,

A= —==—""_.
! Lo Zp+ Ry

(WOLm)QZL
(ZL + RQ) {RlZL + R1 Ry + (WOLm)Q}.

’]7:

P, = (oL ) 2 V2
{R\Z + R\ Ry + (woL,)?}2 !
INHEDORNBIREBENTARA LV E—F L ADIREBEEZ ), ZEEBINIANA

KR LR EMEE L%@%XT% EINbING, AfMA v E—=F R T AR L=

TOEMNFHERBRLE T 20FERICI VR Lz, X 23 ICAMA L E—F 2 RZHkT 5
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<X

Transmitter

22: EBRICHW-1EZEa A )L

100 w w w 20
- 15
s
oy
8 —
= 3
3]
e 0%
) 3]
2 2
g o
g ! . N
= )5 I' o PL (experiment) [W] Is
n - - = P, (calculation) [W]
"D' O 1 (experiment) [%] %
EHF — 1 (calculation) [%] |
@ -
- E I I I q
10° 10' 10° 10° 10
Load impedance ZL [Q]

X 23: AfifA o B —% 2 RZKT DL R EmkE )

&P OFERR EERER L RT, Zob &, BRELEEDME 10V TEREZITV, 2410
NI A—BEFRHITRT, ZORBRERENS, FHEMAEREMESEMIZE -T2 &nbn
%o FHEAER & EBREEREOTIIL, BE A L OBPUE DRSS 6 3 Tk D5 E A
N OIRJEW I L BFAEBOTHIC L 2B TH L LELABND, £, #h¥n LxEES
Py i KRIET DEMA L E—H R 7 NI D 2 ER DD,

ZIT, BIENRERRCT D ENT EoARA v —F AL ED L EDZEEINTK
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Py

C;, Ry Ly-Ly LyLy, R, C !
15T g
o
Vo
2 =
bemeee- ---"": '"I Transmission and receiver coils I-- ---I DC/DC Converter I--'I Hybrid Energy Storage System

X 24: = /LFX¥— 2T LAD[EIRX

(4-6), (4-7) TE N2,

ZLAmerzzx/R2{<“°Lm)2+-R2}. (46)

o Rl (WOLm)2
PL,APmazL’ - \l R_z{ 2R1 Ro+(woLim ) } (4—7)

\/(woLm)2+R1 Ra+2v/RiRa

Flo, BEBNERRETLAMA LV E—F AL ZD L EDZEETNTN (4-8), (4-9) TH
SNd.

woLm 2
ZL,PLmaz = % + RZ- (4_8)
1
1
PLmax - . (4‘9>
ARy (14 f)

A VOBHUEDR 3/ hSNET D &, ZL,APmax <ZL,PLma:1: LR, Zo%GATX ZL,APmaz <
Z1<ZL prmaz CHONIE, MR TEHIZHEOND,

4.1.2 ZEAIZLHZEENHHDOEE

RIEID X 512, WPT ORERHR & ZEBEBENIZEMOARA L E—F U A THRE SN, %k
ITHFZECTlE, ZEM DC-DC 2 R—H 2L AT OAMA Y E— X U AT 52 & T
SEEBIIT B FERBESN TN [35]~[37, LnL, ZoHe, FENET ChES
DRESIN, TEMTZEBENEZREITERY, HABGEZHW WS, EEEED
B, BERNICIIR BN D720, HEEEOFLEIRE (State of Charge : SOC) & E LT
fREE N 2 E M THRET HHLENH Y, ZEMDC-DC 2 "—F (L H%EENHIEICS
WTHAR7ZH DITWEE R, D728, DC-DC a2 v/ —X |2 K 5% EEIHIFEEICOWT
BRI D,
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______________________________

’ pr Viver \\I
L .
i VDC
Py i Viver IWITO
. WViwpr + + 1+ EVWPT P,
— C(S) i i — PI %(t) P(S) E hd
7 ‘4 .
[}

Limiter

.. Vbclwer pc ‘
ST e e ————— T T Voltage controller [~

=
+
+
+

o

25: ZEBEAFEOT 7 v 7 #X

4.2 REBBNRIEDREF

FWH L7 X 9 WPTIZ X D Inx#hRe ik KILT 2 Z, LinERN 2 & KRILT 5 Z, 13578
Do ARETIE, WPT ORitEZ 7 4 — F7 4 U — Fililg: & L THWSkaEE ) Py OfilEEIC
DNWTIHRARS, ¥ 242 WPT & T RSEMEEK & L7eHaD Yy AT AR ZR~Y, 2OV R
TAZEBWT, RETDHEENHEOT 0y VR ZK 25107, £z, ARV AT
24DEDITEET D, £, REEFETITUTOL D ITRET D,

o EBEMOELIIEEMS L IIHEERTRETH B [42],

o EZEIAANDNRT A—Z TN TH 5,

4.2.1 (EHEERXIZLIHIEE

4 26 \Z WPTIZ & 0 EIMREEZIToI2G G ORI DWW ER~T, K24 DK 51T, EROA
N B IR B CEET 2 Z L2 E L, REV, OFEEELZERT 2, 2oL, M
26 IZRT X OIS [T IERIEET L 72 D720, Vi DRy D BB IREICES T D2 L0
DD, ZHUEMRCIZE D WPT 380 RART 4 V2D L5 R E &0 Th 5 [43],
T, BEICFEET DV OFEARBE KT T — U SRR D, K (4-10) O X S IcEE D,

Vio = 221, (4-10)
m

F7o, WPTIEIA I F LV AFEERTHZENMBILTND [44], ED7=®, X 261277 &
T L, At b, JEEESERE RO EREEREO X 512725, ZEM s
WTEGET D &, Vo 1K 26 O &5 I JH A IR B O BRI ETE & 72 5, BHRSERAE
WD IERLWE T 5720, BHBREICEHFET D Vy ORERWNZIET — Y =BEBRER» S, KX
(4-11) D LS IcFKE D,
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@ =0V 2 4,005 250MS/s @
@ 0.0V @ L0002 10k points 2.00 ¥

26: Vi, Vé, Il; IQ ®%\E‘K{EZ%

21/2
Voo = TVWPT (4-11)

X 26 205, AP DO TRITEZEBEMON G EH 1 THDHID, RGO EEZD
Z LT, WPT ORI 24 ITIGHT 5 Z EMTARETH 5

4.2.2 T4—FI747—FHIHROEH

74— K74+ U— Kl{HIgEE LTWPT OFEN S, AT EET) P k7 5 Anikhifi
Zp 8T 5, K (4-2), (4-5) 0, FrEEZERTE HAMKIUE 2, 135K (4-12) L7 5,

o — \/012 4R2 R1R2 + (LUOL ) )QPE

Zp = 4-12

t 2R P, (4-12)
ZZT,

o = (WOLm)2‘/120 — 2R1PL {(UJOLm)2 + R1R2} .

o1z, K (4-2), (4-12) 26, FrEENZBET D72OD Voo 1T (4-13) O L D IZEHT 5
ZENTED,

V* . wOLmV _ 2PL((WQLm)2 + Rle)
7 R WoLnVio — /(@0LmVio)2 — ARy Py ((woL)® + RuRa)

IO DRERIND, ZEMEEDEARP LS Vo ZHIHT 2 Z & T, AT oasiitiEms
ﬁ@?é:&ﬁf%ﬁ%@ﬁ%%@TééoK@dmeuaﬁx,%%i%%ﬁ%%ﬁ?ét
DHIZDC-DC = =2 Bl 2 B Vippr 13 (4-14) D X 2 1RO BN D,

(4-13)
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L, 2 Ly,)? + RiRy)P;
Viger = “my; T k) T

(4-14)

X (4-14) %7 4 — K74+ U — Rilfige & L CHEAT 5,

Fl2, Viypp FMEA &0 Z 0 A Ly, \Z5B 22T, ZBMNGEZNET 52 L3 TE R
W, ZDTe, MHAEA L HE I XA L, ZHEET DMERD D, Ly, (IZERIER Vo, L 22 HHE
ET D2 LNARETH D [45],

4.2.3 T4— Ny OFHIHREY T VARICETLHEER

EEREOL AT LTIE, aANDNTRA=ZEFERMAEA X7 8 ZADOHEERRE, 5% Ea
ANV OIRE P IO T EOJRRIC X 0 2 EEITBERE & b1 EZE b2, £D72,
25 DX HITT 4 — Ry Z g a O CEFREEZ /NS LT D, 207 04— Ry 7 iliEg
i%, DC-DC a N"—=ZDOEEGIFERLY &7 4 — Ry 7L —T RN 105REE 2D X o
AT ONERD D,

7223 D X912, MRC OFptE & LTI REIHR & 72 55 BB & i KE ) & 78 55 B
BENRR D, 2O, KX (4-2), (4-6), (4-8) 6, FEha (4-15), (4-16) D KL HIZFRKE D,

R, woLim,
Vi maz = A= Vi 4-15
e VR VR B+ /R + (wWoLom)? (4-15)
woLy,
VwPT Pmaz = QOTVO- (4-16)
1

LD, @R TEY RERENEARET H720120E, K (4-17) OEEHPH THES) 2 Anik
TOMENRD D,

VWPT nmax(PZ S PL nmax)

Viver = § Viwer(Pr ymaz < Pi < PL prmas) (4-17)

Viver prmaz(PE > PL pLmaz)-
4.3 ERIZCKDT 14— F 7+ 7— FHlEIZROIREE

4.3.1 =EEBHE

ARETHHLZT 4 — 74U — Fiililgs 02 42 R THREEZ1T o 7o, K 6 1ZFBIEE
DI/IXNT A =B Zwd, £, ERICHWZ DC-DC 2 \—F %X 27 1277,
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# 6: FEBRIEE DT
DC source voltage: F 15V
Battery voltage: Vg, 12V

Inductance: Ly pr, Lsc | 48mH
Condenser:Cyy pr, Cpe | 2500uF

Switching frequency 20kHz

27 FEBIZHWZ DC-DC @ 38—

30 T T T T T T 90
851
251 —— Calculation result
g ?GOWOGQ 0 Experimental result
_ L:,- 80 6 «
=z 20f 2
= =
a B 751
s E 75
& 15t g
2 70r
E
=
101
— Calculation result 65¢
0 Experimental result
5 . . . . . . 60 . . . . . .
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
Voltage V,, [V] Voltage V, . [V]
[SEd=Ed SR
(a) S FEHE S (b) friksh=

%] 28: PR BT D EE ) LAREDRDO MR

4.3.2 EERER

X 28 |ZHE % B)LE Vippr (R T 552 =%ﬁfzkm LNy DAL ERT, ZHHORERN
5, K23TRLT=E 91T, B3R L sk T hL— R T7DORRIZHD Z ENbnD,
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@ 20,0V 2 ][4.00}15 250MS/s ® /
L00 A

) 4.00p 250MS/s @ /
10k points 400mV \ @ 1004 10k points 400mV

(a) VWPT = 20V (b) VWPT = 60V
X 29: 45 EBEERPIE

w
0

)
=N
——
———
<
33
S S

w
B
T

[
&)
T

Voltage [V]
) w
* =)
Power [W]

]
=
T

S

5 10 15 20 25 30 5 10 15 20 25 30

IS
()

PN
OL‘
—

Time [s] Time [s]
(a) %L EL (b) & &EE
X 30: ERFEDT 4 — K7+ T — REIEESD RS B

28 D FEBRFE R D FEBRE L BRRENF E AL~ L TL TV Z ERDND, Vippr DREWD
ez, B & EBREOEVWAREIRDLZENDLND, U, Vypr DREL 2D EE
ERPRKEL D EICL D720, %ﬁﬂ/f}l/@ﬂﬂ”% HAEDWENRELS D0, %4

T D & pEZE A NVOIREAFEBOT NI L L2EENHLEZ26NDH, L, FER
EEBRRENIZEALE L TWDH 2D, 74~l\/\‘yﬁﬁl?ﬁﬂ””f“ffﬁi‘ébi‘ﬁf’*f‘%é

Vivpr = 20,60V O3AIZBIT DX 2012 Vi, Vo, I, [, DR A RS, X 20725, EilkL7- Xk
I, LIFIFEAE—EDMERY, MRCIZED WPT A I X A2 ET 52 E03b
M5,

X 30127 4 — R/ 7 filliflg 2 O 72 WA ORREHIEEOR R 4 ~3, ¥ 30225, DC-DC
AL NR=HIZLY, Vippr BHEEITE TS 2 E03bnd, X512, K 30(b) hHZEEHD
EEENESEE — L THY, SEENPHEETE WD I Ln3bnd, £z, P B3 ESHE
WXL CHINE L ENEZAE LTS, 21, DC-DC a» =2 B Vippr ZRELT5H72D
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W2 Cwpr \CENEMIELTZY, WNELTEHEDICEIEZRIN LD TH-20THD, 2D
FEEIND, BERTFIEICLVZEMO DC-DC a v \—F CEBEBHEHIEITX A2 EnNbh 5,

4.4 FEH

REECIE, WPT OREHEOE b REN & 2B OM LEE 2 AV, EENE
ERHCZ BRI O CRBEARE T FEEREL, ERICE Y RAEEIT>7, MRCIZ X
% WPT Ot b, kaééﬁtﬁ%ﬁm B & FKE ) b 72 D BB B 2 b

&Ik, FTREN & ERT 5 BT ﬁ@%%%wTﬁ*%_%MLko_h%74~
R o U — RIS &Lfﬁwéﬁ@ﬁ%% U, EBRIC K0 ZEEH A RETHRIC LY il
TE B L EBRAT,
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FS5E

TANX LREBEICE ITHEXEBHIZ L Am:KED
REZFEBHEINZXSPAEZERE O IRILFH|

I

AIEETIX, WPT OfgEhlHom o, ZEMIC & 52 EEIHEIC OV TIRSE LBGEEETT -
lo RETIY, BN TEHEEBEEDORELZEL TH ﬁ%ﬂﬁﬂé"ﬁb")“) PSR O I 2
TL5ZETIREDRERRETED Z 2D, ZhiZ DA & 52 AR A S 2 AE

5;&f,Lﬁ%%w5;k&<wﬁ%¢?%mﬁﬁ%ﬁif%5 ExaRL, FEBRICIV MK
AEZAT D,

51 FEBABEEEEICKDIGCENREZEENADEE

AIEECIE, XEMETEE— m&ﬁmtf%ﬁwwﬁfi%%ﬁﬁm%ﬁoto$$Tﬁ,%
EEE LS5 2 & CRBANC L 5% EE DRI N R 2 dETE L 2 L2k 5,

ﬁﬂ@ﬁvbkéﬁ4/t—&/sz’ﬁ#é%i%%nkﬁgﬁﬁﬁi DEALE K 31
g, K31 kY, EEAELEV, EANA L E—F R Z K 0ZENEINTEEY, Z;
WL TORNENRET D ERDND, ZDOZEnb, $M%V%kﬁﬁ4/t A
A 7y B EE L Z L TREMOFEEN 2 HIRNETEIETE LT ERbnd, 2FD, £
B & ZERORT ZHH T 5 Z & CTRRNBETHEEN2InETE D, TOD, ZNET
DORFITIE, ZEMTEEDREZRKLL, FEMTHEENEZEIT L ENBELLN T
7z LU, ZO%HG, ZEMOFTEES) 2 XEMI@EREZ2HWTHERE XS RT T2
L2V T, WEZRLTEBETLIOEFE LY., T2 TARETIE, BELZMHWVTICHEE &K
KRAGIEZN R % FEBL DHIEE R A 2T 2,
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2000

1500
E 1000

500

Transmission efficiency [%o]

(a) fEHH (b) ZEE

31: Zp & VI ITHT D iniksh R & 2 EE

&

5.2 TAYNXYLAWREBIZETHEEBAICL A mANELEZEAIIC
K HFTERETE 1 ORI HfH

5.2.1 REBRICLLIBANFEHBRICHE T EEBABEICK SEENRADEZE

REITIE, ZENSZEE DR ORENELE 22 ST D L EEDENEL, RR=E
EIRBEBMEILENDD Z LT, Ao LV E—F A Z 1%, X 21 OZAMEIEE 5 (4-4),
(4-5) Z HNTEEMOBHROATET Z L HAHET, A (5-1) & LTRIND,

V20 (WoLm)2110 - Rz(Vm - R11.10)

=T Vio— Ralo 51
ZEWAEIE Voo, [EERR, ZEESH PLIER (42) ~ (45), (5-1) 2D EBRBIE & EERN

EROLTHETZENTE, ZTHENK (52) ~ (54) LE SN,
Vao = (woLm)zho ;szz(vlo - R1[10) (5_2)

. B (woLm)Q(Wo — Rilo) 1o — Ra(Vig — R11.10)2

= f(Vio, [io) = ENASETAY (5-3)

i . i 2
Py = f(Vio, Iy) = (PwoLim)(Vio — RiI19) 10 — Ra(Vio — Ril1o) (5-4)

(woLim)?
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Transmitter side

Vi
] Estimator Ples: »| FF Efficiency Vlom;
I ’ “| Controller "
WPT
l, """"""""""""" i e N
P} m—] |
: ’ FF+FB Vwer P, l
I Power Controller g :
! |
! |
'\ 1

Receiver side

X 32: DEEEA & 52 TR O i AEAE AR

K (5-3), (5-4) M OARENHE 1L, ZEES P, L FEMETL @ﬁmw@£ﬁ1vm@@ﬁ&
LCRED, TOOZBMZEEBHIER, SFVZEE) P3G 2 ONISE IR ER
BEDFEAR Vip 12 i@h%%%ﬂ&ﬁéﬂéo:@k%,ﬁ%:o%ﬁkb,bﬁﬂﬁ%ﬁ
RIZF 2 EFBAMNFEIE D IEARPE Vigop PFIEL, K (4-4) ~ (4-6) HR (5-5) DX HIcFIh D,

\/RlRQ WOL ) + RlRQ} + (W()Lm)2 -+ R1R2 R%\/FL

‘/lOOpt - 11 (5_5)
woLm {(woLm)2 + RlRQ}Z R;
LoT, ZBMTZEEDHEIITONATODLLEI2IE, EEMEEDOHEARR Vig Z Vigep (2
T % 2 &L TITEE ) 2 i KRR TIrik 35 2 L A3 )| T&;éo
5.2.2 EBAICKIZEBENHETE
iU&@ﬂE,%k%%?ﬁm®§%%ﬁ%ﬁ%ﬁé’ PN TR O Z AN O W
MLEL %, BEZHOWTICER T 55512 aﬁ{ﬁﬂff‘*ﬁ' TR L AaEE SO HZ

HeET HMEND D, ZHT, C?'ENIJT“FJT%O)x%%ﬁ#%ﬁéhZ) L35 L, X (5-4) M
WTEHIRIBIZIS T 2 X EBMEE Vig & XBIER Lo »OITEXEEN P aETE 5, =
DHEE LIZAREE % Pres &9 %0

5.2.3 ZFBAICLDIEAMREREMICL DAEZEENOIHILFIE

AR T ;U:.JBET@W@F%%F‘%L 32D XD R 2 IR BT D, 7220, K
T, HHEREBGEHCISENE, ZEMICE DG ZIT O, RERICARETH D Z & DS
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20t
=z 15t
Q.:d
o)
g
£ 10f
5 |-
—— Theoretical calculation
0 Experimental result
0 i i i i i i
0 0.5 1 1.5 2 2.5 3 3.5

Transmitter side Current / ; [A]

% 33: 52 EE S OHEE D FEERFE T

179, ZEMTIE, BEZAVTELHTEBENOEREZELNID, ZEEHOBEHRLEDL Z
ENTEDLIED, BIEDOL DT 4 — 7+ U— Rl & 7 1 — KNy 7 il 2 i G E T
HWDLZENRAEETHY, ZHUCKVEENZEHR AR TH DH, EXEMTIE, FIRGERD
HROTFHAXNE EEMHEREHNCZEBENEHEL, RRIF LR DLELELFEBIRETH
%D, Z OEBMEKRENFEGE, ZEM CZEEBGIEZ KL IMNIITH Z & TEEEZRAWTIC
RN, T EEOWNNARETH 5,

EHIZH 3100, ITEZEEN ERADREFEINT L2020, bLAMA L E—F A
EREMELEER TN BN D, 207w, ZEMTRRZEHIEZFZHL, %
B CHMEZBEENELERBT L2 bAETHD, L LI OHE, BEEZHWRITIVUE, BT
ESEEIOEREEBMCHLI LT LS, SEENE 74—y 7T L 6T
TRV, ARIEIRIZEL T, HmALLEN LEEREZHNWTT 4 — R 7+ U — NlEIT %
ZELhTETD, EZEMEL T 40— R 74U — NI L 22 5 2O HEEMBORIES /T A — X
IR VB EZ TR 2D, ZHICK LT, BETHHIEHR CIIZENTZEENE
74— Ry 7 IR E AW THIEIT 2 2 & T, BEEAHAVCTICEVICIEE D % L 0 B s
BT HZENTE, EEATHEZ O TN RLENTE DO REARRFETH D,
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Transmission efficiency [%]

A N 0 0 O
W

W

Vv, V]

X 34: ZEE S & REMEEISK T DIRELR OGRS R

5.3 ZEERIZLAEHKXDKREE

5.3.1 ZEEfI=E

X 22 &2 51T aA L EZH, EH LGRS EREEER L OMRETo7T-, K240 X
IR AT AT, DC-DC = o N\—H |2 X BGiLEE Viy pr Z 6l U EE 6 21T 9
DG EIL Vippr T 572012, Afe L TCEBELEFM 28T 58M 2 HWTHE %ﬁ
AT o7,

5.3.2 ZEER#HFER

FF, XEMEE L XEMERNOZEEBNELHE TE DN OWNTHERZITo72, X 3312
EEMELE V) = 15V —ERHZ BT 2 X EBAEFR IS KT 2 2 HEE ) OBLmE & ERF R 2R~ T,
X (5-4) POERDONDFEMRL FBRERNIZLEALE B L TNDHZ s, EEMEEL
EEMER N OHEmEZ W TZEBNINHETE 52 000D, £, FEMERN/NS
WIEE EREWGA THRE L OTNNEEE IR > TN D, aﬂﬁﬂﬁa{)wﬁw SWGEEIZIE, %

=
BHIERNRKE 2570 BMOBRRIZ K Zﬁf&#fﬁ@?—ﬂ%%‘{ﬁg‘% HELERETNLY %
BT H7OTHDH, ERAIBERNDKEWIGEIC PR OB X 5?&#1 DT D AN

REL DD THD, DI %i@ﬂ?ﬂﬁiﬁ@ﬁ“ﬂ?ﬁ)?@&a&a%@ﬁl& LCEZDLND, WV
THUIC L THREM R E ERERITZ LA LE B LT D70, EEMER)OZEBEIILH
EFRETH D,

ZOHEEEIC R EEMIOZEENEHEST L2 LT, BEEZHWTICZEROTEE
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110 T T T T T 95 110 T T T T T 95

O 1 [%] (experiment) O 1 [%] (experiment)
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K (5-2) ~ (5-4) LV, ZEE P, EEEMEE VLIS D505 g OFERBR AL 34
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T DARIELNHE n & ZEMETE Vo OFREAER & EBRERZK 351277, ¥ 34,35 006, 2%
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IZB W CEBMEBIE 2SR RRIC 2D X ) ICHlET i, moR BN EZ W5
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X 35 H BAREZNH & Z BMNTEL O FEREF L #amFE F%ﬁi&hk ﬁﬁé b
b, =78 DEEDEORKEICTNAS 50, TG L 5 EBER TPl
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MEEITIZFEAE L TWDL Z 0D, ZEEHOFHE X (5-5) 2 W TEEMEEOH
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HIE DA TH @ EE FEBTE 5,
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XM TEHEBEE OIS 7oz EE I, KB TR U 1@7&%4753‘1_LT1T YA
TLAERE L, £, XEMTX %%ﬁﬁ@#ﬁbhf“éﬁAé EENEEZ BRI
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6.1.1 FEREBDOITNEZEETIEE

TIVE T, EEREDEELE B 2B oA VORI BT S b0 L L TREE
Tolze L, FEERICHEAT 25T EM = A L EZEM A L OIRE RO T i
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B ADETHD, DI, WO aA NoIRER L SWERE N2 —BH L TnD
BRI TH D, 2, Xy & X ORHEITINTT 24 v O IR 5k & BERR O
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SRR WA L BRI B, ZL = 7L prmee P & SIBEBNITRKRE D,

Pp= Vi (6-6)

6.2.6 ENMERKRHERICET H—FBR
AR L7 AERBREE L DD &,

o [RIEFNRIT Xy ODHDEELZIT D
o L, DREIWVWGADIZI DTIUCTK DA NI

o IRIXBNHBIOATE DO TIRITK L TUE, FIC Z, BPREWHEIS, X 1K D280
XEEHITH D

EWVND T ENDND
DFEY, HLAMICBWD THRERRE RIS D5E121E, 2B = A /L O LR 1 % )
TERBEEBIC — B S D LERH Y, %534/1/0)@(7%/5\39’@; FHREEAERRICLIZN
ZIIADNEN DTN L L0 D & O ICEMERIBEEZERT 2L EZ R H L5, LrL, ZOX
D TR ENEEI R & IR T 5 72 I ﬁgﬂ:ﬂﬁ%/V@fﬁ%I%b)zET%ot v, ANJIEDTI=D
HHRBBETHST2 T H0T, EEMORMEIEHELR DTS, ZDT), REMEBN L
ﬁﬁ%{hbf:b\ﬁﬁﬁ’ﬁb\f&iﬂéaﬁmn%/l/@ﬁé?)ﬂ?ﬂ{ﬂii&&%M’EH/EZ%C%: BHSHEDLHZENEE
LW, BRI, BEXRABEAOEITHRERED L IITHAEA X7 Z U APEDY, %
BROAR PR DONLRWGEERENRDITbND, £z, ZEMOAM ZHE L TxEE ) %
HIDHEEITH, Z Sk L THIRRICE ) Zns T 5 72O 3R %2 1T 2EER B L <
EEM O = A )V OIIRFE W TEET 2008082 EER D,

~51 —



6.3 F&H

ARETIE, EKEBIOZE A VORI & BERER A BRI RS T EnEL
WZ EITHER L, B aA v OIARE L BIEREIRE O TS L DIEEZR L AREE ) ~D
WREMANT U=, FRlZ, DFaANEOHAEA X7 X A Ly, DS/NSWRRHZT IS L 5 %8
MREL DL, BEDHRIIZTE A NVOKBERBEOTICL Y OLEELZITH &,
BEBINIEB A NVICLDFEBELI YV REL 22T DL 2R LT, BEEORKRITAR
BHUEEAEA XX R ZKOVREDLZEERL, AJIEIIONRNL LD 5RICHD
Xl T D mABEE LD T &R LTe, ZHUTKY, EZEIA NVOZRE K OEEE R
BOWREIZHETEDEB 2D,

~52 -



7.1 FEHD

BRABHEICRESND LIS, ZRAX—DRRMRFIHLET—Z DR EZIEHT 5% H
& LCEVIROEIMENAER ST, LL, KEARMESD 1 2L L TEBEEDOK
B H 5, Zid, BEBHICHVWOLNATWDE Ry T UDZ RV —EEN/NINT & 2N
U —BENNSNWZ ENFRRNTH D, TDD, TOTFAF—BENNINT L LT
FERNESNZ LR, FEEEL/NUET L2 EARDHENTND,

AFEClE, FEEEO/NMULEZBHNE LT, NyT U & SCOHESS IZ WPT IZ X 5825 [H
MR EZICHT 2T RNF =V AT LERE L, ZOTRLF =V AT LMIEHL TV AT
LEGET O & WPT OFGE R OmiH & Et 217 - 72,

1 2HOV AT AEEFOENS, 7, 28T, HESS I WPT (2 X 2 5[0 KA E % i
M2t EBEBRELZRETEDLTHA I Z Lalk7z, 3FTETIEWPT IZ L 5 HEEIM KA
BAICH L2856 O HESS ORFEIRFHIEICOWTIRE L., 2, &<izzmprFr—Ee R
U =07 o AZHER L THESS OR &R EIT I FETH DL, ZHIZEY, ZhETRIT
PERRIZ B G T O T2 HESS OF &2 BRSO S I2ITH 2 EMTE 5 L 917k
D, REF®THD,

2 OH®O WPT OFFEREOEN D, T 4TETHE, ZEMICLDZEENHEZRE L,
ZOFEE, INFET, ZEMTHROLIZER L WL ZA A%, ZEENCHER LZE
MTEEEZMND Z LR ZEBENEHEITE D, LirL, ZOFETIEIWPT OEER%
ERETHZENTER, £I2C, 5 ECIIZEMCTZEEIHEAIT, EEM TR
W2AT O HERERICOWTIRE LT, ZhE2HAWSZ T, WHFTEBEZHWD Z L&
PR TEZBEN AW T Z ENAMRRICR D, UL, T E TOZEMTEEDE, KE
MTZEBHEVOIMAEZEL, WPTOEIOARLEMAMICRKESBRTEIHETH D,

51T, 6 FETIXWPT OREEM L ZEM A VORIEREEOTIC L Db E L 2ZE
BA~OHBICEA L T FELZREL, MR RICEA L TEEE1T o7, [mERITITXE

— 53 —



= A NV OIIREW I DTN O LB L KT L, mkEBAICEL T, ﬂﬁ@ﬂ%»@i%
JEREE DD KIE T, FHEEM = A L OIRAFEEOT I LD RERRE N
LERLTZ, TOTY, BEAE S EEH = A L O IRER KIS #ﬁéﬁé_gf,;@%
NEREMRIRTEDL VAT APERTE D Lk,

7.2 SRORE

AWFZETIE, HESSIZ WPT ZISHT A= RN X —2 27 AR LT-72%, BIRHEERIZET
HHIEAT o Tz, A% OMELE L CRIB#ERICET I BanbITFons, £/2, &
BREHCHOWT Y, EORHIK5MEZEH L L0 BIRRICREZITZ2BHNILETH D,

WPT OfsEHIENCE L T, <Dz ki))ﬁﬁ ML LTSN TS, £, KT
EL7z, XEMICX %’);JHAFFM%I] &M & 2 BB OFIE R L O EMEMT 72 £ 723

HIF 5D, AFETIEDC-DC 22— H &W(fﬁ%%%ﬁﬁb\f:ﬁi PWM =t R — % & J5 ffags b
THWLZEbEBERAbND, £z, [BEFNRLFILEE I OFEIUTE L 72 BIEAERR DB L M2
Thod, ZOMIZHIAEA 57 Z 0 ZADHEEIERHERE & 72 i KNS 252 75 ) il A
mENRBITOND,

IZAR T, A NVOIREREO TN T DT ORIT 7208, [ CFREEZ WD
L TaA VEREHIET 2 BRI EHIEICBE T 2 B RN AETH DL EBER D, £, Al
AV E—Z U ADKIEHORTENEZRELSTLHZEIERRDRH D, TOd, AffA v E—
Z o A DO & R 2 AL S D T E I R OREGIEORRIEH#E b E 2 bhvd, Zh
FTOMIETIE, BEDEORZER LTERFINZ VDN, REDEERKRILTHZENRLE
HThHY, BHEBORMELE 2 5 & ARSI 2 AR A =& o 2O &t hED 2
ClE, 1OOENRFIETHDL EEZX D,

— 54 —



Y

KL AR D ITHT2Y, AEEEE L HEE 2 TEW T IRE— BRI O OB L BT E
T, FRENFICET AHEMANRENSIEIL E LD, HREL L TOLRBOBZ Y, 5#0D
NEIZRERIRT, BELARERREGL N TEE L, BLHEO 2FERMTAYIZE
KOZLHEZFECNELEEE L, 2 QB EHOZ LET, 0D HoF R = AT
78 8B BN W AR BN, B ERE, NHEFZEEICHEILR L BT ET,

FLOWFFEICE L TE < D e SE TV W ERRICE S EE#W - LET, AL 5
MRIEH E XY S FIERZIEEMRSECWEEEE L, RYIZWANAZRZ & TEHItEE

2700 F L7,

Fio, FHBBZIZILDETET4 VL RAF—LAOBRITE B LET, AR
HDRfA e CERETAE E L, DEVEHWZ LET, BT, MR, SIS EIE 4
ZEERMHRSETCNWEEE, REBIMEEIZRY £ LT,

Yo~ RS HMAERIZIE, RAOMEICEAT 2 EERCERATHE E Lo, L EMAMZR
IR o T2 B X TWET, LIV WL ET,

< ARG RER, R, HIIER, 4 A % a—=vh UBASHEREE, $RASHS
R ERTITACRR, MHIPERICIE, BRI CEHMZR Y RS REZTHE E Le, KREMRIZA
DE L, ZZITHESE#HNTELET,

X v XU H T — T LOEERIZIE, WEFE ORI I REE OB R EREB IR0 L
o 2T K VW LET,

RIS, BHO L ICHm S TCW WA R O SRR, %hEEFHOFAEE
EEXZ T NIEmBE IO LT DFEITEH - LET,

— 55 —



% XMk

1]

—fRAEETE AR AR B @RI o S — R — A=
http://www.cev-pc.or.jp

H S BUERT AR — b=
http://www.hitachi.co.jp

N WA ON

http://www.toyota.co.jp/

ATERZ, Mt REEE, “BR _EE S v /30 % < EDLC >OFiE L EFR2R I |
FI TEEE4E, 2010. 3

Z. Yicheng, L. Haiquan, X. Haitao, and W. Lulu, “Analysis of the Time-Domain and
Frequency-Domain Models of Supercapacitor,” in IEEE Vehicle Power and Propulsion
Conference 2008, PSB9-5,Sep.2008.

K.Kawashima, T. Uchida, and Y. Hori, “Development of a Novel Ultracapacitor Elec-
tric Vehicle and Methods to Cope with Voltage Variation,” in IEEE Vehicle Power and
Propulsion Conference, 2009 VPPC ’09.

P. Kulsangcharoen, C. Klumpner, M. Rashed, and G. Asher,“Characterization of Energy
Storage Devices for Constant Power Applications,” in 36th Annual Conference on IEEE
Industrial Electronics Society, pp.1805-1810, 2010

INABUERT AR — B —
http://www.komatsu.co.jp

vV EARA S AR — L=
http://www.mazda.co.jp

XX NUH T F—T DR —hR—
http://capacitors-forum.org/jp

— 56 —



[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

KHEBEM T EREASE R — L=
http://www.honda.co.jp/

M. Sasaki, “Status and Future Prospect of EDLC Applications for HEV and Others” 2008
IEE-Japan Industry Applications Society Conference, 2-04-4,205~210, Aug, 2008

J.Cao and A. Emadi, “A New Battery/UltraCapacitor Hybrid Energy Storage System for
Electric, Hybrid, and Plug-In Hybrid Electric Vehicles,” TEEE Transactions On Power
Electronics, vol.27 No.1 January 2012.

B. Hredzak, V.G. Agelidis, and M. Jang, “A Model Predictive Control System for a Hybrid
Battery-Ultracapacitor Power Source,” IEEE Transactions on Power Electronics, vol. 29,
no. 3, pp. 1469-1479, Mar, 2014.

R. Carter, A. Cruden, and P. J. Hall, “Optimizing for Efficiency or Battery Life in a
Battery /Supercapacitor Electric Vehicle,” IEEE Transactions on Vehicular Technology,
vol. 61, no. 4, pp. 1526-1533, May, 2012.

M. B. Camara, H. Gualous, F. Gustin, and A. Berthon, “Deign and New Control of DC/DC
Converters to Share Energy Between Supercapacitors and Batteries in Hybrid Vehicles”,

IEEE Transactions on Vehicular Technology, vol. 57, no. 5, pp. 2721-2735, Sep, 2008.

Z. Amjadai and S S. Wiiliamson, “Digital Control of a Bidirectional DC/DC Switched
Capacitor Converter for Hybrid Electric Vehicle Energy Storage System Applications,”
IEEE Transactions on Smart Grid, vol. 5, pp. 158-166, Jan, 2014.

P. J. Grbovic, P. Delarue, P. L. Moigne, and P. Bartholomeus, “The Ultracapacitor-Based
Controlled Electric Drives With Braking and Ride-Through Capability: Overview and
Analysis,” IEEE Transactions on Industrial Electronics, vol. 58. no. 3, Mar, 2011.

G. Guidi, T. M. Undeland, and Y. Hori, “An Interface Converter with Reduced VA Ratings
for Battery-Supercapacitor Mixed Systems”, in Power Conversion Conference, pp. 936-941,
April, 2007.

F. S. Garcia, A. A. Ferreira, and J. A. Pomilio, “Control Strategy for Battery-
Ultracapacitor Hybrid Energy Storage System”, in Applied Power Electronics Conference
and Exposition, pp.826-832, Feb, 2009

B. S. Bhangu, P. Bentley, D. A. Stone, and C. M. Bingham,“Nonlinear Observers for
Predicting State-of-Charge and State-of-Health of Lead-Acid Batteries for Hybrid-Electric
Vehicles”, IEEE Transactions on Vehicular Technology, vol. 54, no. 3, pp. 783-793, May,
2005.

— 57 —



[22]

[23]

[25]

[26]

[27]

[32]

M. E. Choi, J. S. Lee, and S. W. Seo, “Real-time Optimization for Power Management
Systems of a Battery/Supercapacitor Hybrid Energy Storage System in Electric Vehicles,”
IEEE Transactions on Vehicular Technology, vol. 63, pp. 3600-3611, Feb, 2014.

J. M. A Curti, X. Huang, and Y. Hori, “A Simplified Power Management Strategy for
a Supercapacitor/Battery Hybrid Energy Storage System using the Half-Controlled Con-
verter,” in 38th Annual Conference on IEEE Industrial Electronics Society, pp.4006-4011,
2012

A. Kurs, A. Karalis, R. Moffatt, J. D. Joannopoulos, P. Fisher, and M. Soljacic, “Wireless
Power Transfer via Strongly Coupled Magnetic Resonances,” Science Express, vol. 317,
no. 5834, pp.83-86 June, 2007.

S. Ahn, N.P. Suh, and D.-H. Cho, “Charging up the road if electric vehicles could draw
power from the streets, there’s no telling how far they could go,” IEEE Spectrum, vol. 50,
pp.48-54 Apr, 2013.

S. Li and C. C. Mi, “Wireless Power Transfer for Electric Vehicle Applications,” IEEE
Journal of Emerging and Selected Topics in Power Electronics, vol. PP, pp. 1, Apr. 2014.

T. Imura, H. Okabe, T. Uchida, Y. Hori, “Wireless Power Transfer during Displacement
Using Electromagnetic Coupling in Resonance,” IEEJ Transactions on Industry Applica-

tions, vol. 130 no. 1 pp. 76-83 2010 (in Japanese).

K. Throngnumchai, A. Hanamura, Y. Naruse, and K. Takeda, “Design and Evaluation of
a Wireless Power Transfer System with Road Embedded Transmitter Coils for Dynamic
Charging of Electric Vehicles,” in IEEE EVS27 International Battery, Hybrid and Fuel
Cell Electric Vehicle Symposium, Nov, 2013.

KAIST AR—LR—
http://www.kaist.edu/

M. Kato, T. Imura, and Y. Hori, “New characteristics analysis considering transmission
distance and load variation in wireless power transfer via magnetic resonant coupling,” in

IEEE INTELEC 34th International Telecommunications Energy Conference, Sept, 2012.

T. Imura, H. Okabe, T. Uchida, and Y. Hori, “Study on Magnetic and Electric Coupling
for Contactless Power Transfer Using Equivalent Circuits,” IEEJ Transactions on Industry

Applications, vol. 130, no. 1, pp. 83-92, Aug, 2010 (in Japanese).

T. Imura, H. Okabe, T. Uchida, and Y. Hori, “Wireless Power Transfer during Displace-
ment Using Electromagnetic Coupling in Resonance,” IEEJ Transactions on Industry Ap-

plications, vol. 130 no. 1 pp. 76-83 2010 (in Japanese).

— 58 —



[33]

[34]

[35]

[36]

[38]

[39]

[40]

[41]

[42]

N. Shiraki and K. Kondo “Evaluation of Design Method for Engine Output and Battery
Capacity for Lithium Ion-Battery Hybrid Diesel Railway Vehicle,” TEEJ Transactions on
Industry Applications, vol. 132 no. 2 pp. 178-184 2012 (in Japanese).

K. Takizawa, K. Kondo “Study of Method for Designing the Power and the Capacitance
of Fuel Cells and Electric Double-Layer Capacitors of Hybrid Railway Vehicle”, IEEJ
Transactions on Industry Applications, vol. 132 no. 2 pp. 133-139 2012 (in Japanese).

M. Kato, T. Imura, and Y. Hori, “Study on Maximize Efficiency by Secondary Side Control
Using DC-DC Converter in Wireless Power Transfer via Magnetic Resonant Coupling,”
in IEEE EVS27 International Battery, Hybrid and Fuel Cell Electric Vehicle Symposium,
Nov, 2013.

K. Takuzaki and N. Hoshi, “Consideration of Operating of Secondary-side Converter of
Inductive Power Transfer System for Obtaining High Resonant Circuit Efficiency,” TEEJ
Transactions on Industry Applications, vol. 32, no. 10, pp. 966-975, Apr, 2012.

M. Fu, C. Ma, and X. Zhu, “A Cascaded Boost-Buck Converter for High Efficiency Wireless
Power Transfer Systems,” IEEE Transactions on Industrial Informatics, vol. PP, pp. 1,

Nov, 2013.

H. L. Li, A.P. Hu, G. A. Covic, and C. S. Tang, “A New Primary Power Regulation for
Contactless Power Transfer,” in IEEE international conference on Industrial Technology
2009, pp. 1-5 Feb, 20009.

W. Chwei-Sen, O. H. Stielau, and G. A. Covic, “Design considerations for a contactless
electric vehicle battery charger,” IEEE Transactions on Industrial Electronics, vol. 52, pp.
1308-1314, Oct, 2005.

J. U. W. Hsu, A.P. Hu, and A. Swain, “A wireless Power Pickup Based on Directional
Tuning Control of Magnetic Amplifier,” IEEE Transactions on Industrial Electronics, vol.
56, pp. 2771-2781, July, 2009.

W. Zhong and S. Y. R Hui, “Maximum Efficiency Tracking for Wireless Power Transfer

Systems,” IEEE Transactions on Power Electronics, vol. PP, 2014 (early access)

K. Hata, T. Imura, and Y. Hori, “Fundamental Study on Dynamic Wireless Power Transfer
System for Electric Vehicle to Simplify Ground Facilities -Primary Voltage Estimation
Based on Secondary Side Information-,” in Proc. IEICE WPT Technical Meeting Record,
WPT2014-53, pp. 17-20, 2014 (in Japanese)

— 59 —



[43]

[45]

[46]

D. Gunji, T. Imura, and Y. Hori, “Secondary Voltage Envelope Model and Application
to Control System Design on Wireless Power Transfer using Magnetic Resonance Cou-
pling,” in Proc. IEICE WPT Technical Meeting Record, WPT2014-32, pp. 45-50, 2014

(in Japanese)

H. Trie and Y. Tahara, “Cascade Configuration of T-LCL-Type and T-CLC-Type Im-
mittance Converters in Non-Contact Energy Transfer Systems,” IEEJ Transactions on

Industry Applications, vol. 129 no. 5 pp. 511-517, 2009 (in Japanese).

V. Jiwariyavej, T. Imura, and Y. Hori, “Coupling Coefficients Estimation of Wireless Power
Transfer System via Magnetic Resonance Coupling using Information from Either Side of
the System,” in Proc. the 2012 International Conference on Broadband and Biomedical

Communication, Nov 2012.

D. Ahn and S. Hong, “Effect of Coupling Between Multiple Transmitters or Multiple
Receivers on Wireless Power Transfer, ” IEEE Transactions on Industrial Electronics, vol.
60, pp. 2602-2613, July, 2013.

— 60 —



F 7= 3Lk

& 3 5t aif XX
1] & A& e E%m, E%E'u , YE—
A H  [HEEEIFRAGEZTT O ﬂ?’w\/& Ny T IUNAT Yy REBEEED
4/9\*% IJXD+J

B#GE4  BRFEWICGED, Vol. 135, No. 9, 2015 (#8# ¥ &)
2] & & CFREeE E%m,mwaﬁ JERHE IS, YR

& B U4V LRABEICBITHRRNR L BRI X D PITEEE S OFALHE |
*%%Zmu a:ﬂ/:k'_%éér\\ﬁ{ﬁa 6D (Egﬁi )

5D HHERZHEDRHX

3] #* % Toshiyuki HIRAMATSU, Xiaoliang HUANG, Masaki KATO, Yoichi HORI
& H “Capacity Design of Supercapacitor Battery Hybrid Energy Storage System
with Repetitive Charging Via Wireless Power Transfer”
= 4, 16th International Power Electronics and Motion Control Conference
and Exposition, pp. 578-583
5% ff Ramada Plaza Hotel, Antalya, Turkey
£ A Sep, 2014
4] & #  Toshiyuki HIRAMATSU, Xiaoliang HUANG, Masaki KATO,

Takehiro IMURA, Yoichi HORI

& H “Wireless Charging Power Control for HESS through
Receiver Side Voltage Control ”

= 4, Applied Power Electronics Conference and Exposition 2015

5 plr - Charlotte, Convention Center, Charlotte, NC, USA

£ H  March, 2015 (Lecture Accepted)

— 61 —



Y

Nk

Hp

D im X

i

FOPREeEE, EEFS, MBS, JEE—
H THEEEIY AP LABEEZTOFY NV Z - Ny T —
ATV REEEEOR &G
% RK 26 FERERPE SIS HEM B B EAFE S, VT-14-006, pp. 25-30
A Al R (BRI ET)

G o

iR
m

2014 4£ 2 H
# Tr* VisE, EFESE, NERBE, EAEL, SE—
H ZEMEBEHEIC L DU A ¥ L ABEEIHENC BT S

74— K7+ U— Fiilies O EZERAIMRGE

= A P26 FERFRERISHTM RS
PFEFEIGS PR T R4E 2-13, pp. 131-134

% BT BROUERERT: RO SLIX)

A 20144E8 A

F F PREeE, BRI,

M B ARG ST L 2V A P L RA@EICBIT S
JRBES NS K D 5B D AT )

= 4 2015 FEAHFREBEEESRARE

Y T SAEERT b+ < E0F ¢ L8R (P R EHT)

£ A 2015437 (BRTE)

& XX
* ¥  Xiaoliang HUANG, Toshiyuki HIRAMATSU, Yoichi HORI
& H “Energy Management Strategy Based on Frequency Varying Filter for

the Battery Supercapacitor Hybrid System of Electric Vehicles”

= 4, The 27th International Electric Vehicle Symposium & Exhibition, pp. 1-6
% Pl Gran Via Exhibition Centre, Barcelona, Spain
£ A Nov, 2013
= #  Xiaoliang HUANG, Toshiyuki HIRAMATSU, Yoichi HORI
& H  Optimized Topology and Converter Control for Supercapacitor
Based Energy Storage System of Electric Vehicles
= 4, International Electric Technology Conference 2013, 20144088
% Pl Annex Hall, Pacifico Yokohama , Yokohama, Japan
2 A May, 2014

— 62 —



[10]

[11]

Battery Hybrid Energy System for Electric Vehicles with In-Wheel Motors”

Lappeenranta University of Technology, Lappeenranta, Finland, pp. 1-10

¥ & Xiaoliang HUANG, Toshiyuki HIRAMATSU, Yoichi HORI

i H “System Design and Converter Control for Super Capacitor and

= 4 Power Electronics and Applications (EPE * 14-ECCE Europe),
2014 16th European Conference

Y%

4 A Aug, 2014

* ¥ Xiaoliang HUANG, Toshiyuki HIRAMATSU, Yoichi HORI

& H “Bidirectional Power Flow Control for Battery Super Capacitor

Hybrid Energy System for Electric Vehicles with In-Wheel Motors”

16th International Power Electronics and Motion Control Conference

ES

and Exposition, pp. 578-583
% plr - Ramada Plaza Hotel, Antalya, Turkey
£ H  Sep, 2014

MEB L VHEE

3

[12]

[13]

% & Pk

| H IeEEMILERRET VA ¥ L AfEENA]
HE G XX XU T F—T LASHES, BRI 5
£ H 201444 H

i E ARMEGE, BET

el H (fE7 +—7 5855

I A A e N+

Y FT ARSI

£ A 2013412 A

= B A& PREEE

= B 4 BEEEIN S KEBEA ST E

o H WS

- 63 —



FEaT

[15] DA YL ABHBERICET 28 1 (HETE)

— 64 —



