dHyafers| 2Aststis] =24 2019.11.22

7
ol AT olxa AW dAEPr 7y
Aedista AARA7AFE e, FFen AR T EATLT

Development of Wireless Power Transfer Coils for Loosely Coupled
Dual-Active-Bridge Converter

Jaehong Lee', Seung-Hwan Lee' , Sungmin Kim®, Dongyeop Han®, Myung-Yong Kim"
School of Electrical and Computer Engineering, University of Seoul, S. Korea"
Division of Electrical Engneering, Hanyang University, ERICA Campus, S. Korea”
Propulsion System Research Team., Korea Railroad Research Institute, S.Korea™

ABSTRACT A F3 P % B =S E&S ZAE AT HYVE
Az oEsith & w=EdAe w2 288 /M & U
o =RoAE 239 jY] dial A A" dE Al A" A 2Y Pl o AT7E Agsidch FA
ge Ags] U dEY AEE JbsA T loosely a8 Ag 2d 1 AFEEES $4 2dd A =299
coupled dual-active-bridge ZAWE A, 7Y 7+ A% §&< quality factor (Q-factor) € & Alel9] coupling coefficient,
=ol7] 9lgk Y P Al w3 ATFE APk 3 aea Batel os AAEE 2do] el whel Q-factoret
QAMe =3 oy el HeeolE zold s sHAEh coupling coefficient”} W3ta E A}o]9] trade-off A7}
HegtolE o] Fefrt I-24 4 w 7 =2 quality factor 9 A+S ANSYS HFSSE &3l Algeo]doz 2133t
FYE A& = Aol =3 [-cored ferrite plate®] =7]9) goz olojxlE g g Zrh 214840 E 1 kWH
wel T A" dAEe §8e AAsE 32U coupling LC-DAB 3& AAd w3t W&2oZ parallel-series T4
coefficient®} 7Y 9| quality factor’} W&}l trade—off A7} A8 s AladI o Jdulddx~ W3 3o dis
Aers FAAsksith 3 em ¢ air-gapell thell Hdf &85 7HA Aidtt 224 dAMe fFIesdAs T FAAYAS
= 39 PAS At AEHoHS Ed 978 %o Y 29 B AAC s d™ata, A 3ddAe dm
7 AEESS At simulations &3 H<S st
1.8 2 2. LC-DAB AlAE! g2 &
SIC, GaN & WEA 2914 249 5ol g e 2.1 LC-DAB AI~8
AME B 293 Zugr WA Eolx:  ZAojulild 47 EESQ LC-DAB & FAA8dE A28l arr-gap
T3 2904 Fo5E A kHzoldE A AgS < 3 cm otk whEbA FA -T’—?—l 3} Al =Y ARl €] coupling
Walsl= wes] W] (Solid state transformer)o] T3k coefficient 7} 02 - 04 AEZ At} Coupling coefficient 7}
ATy w3 Aggun ol wwx wgh)E = A7) Wil FER she Y & AdE @ M
FupgoA] A9A F7] wfe AFULr} =rle AHo transmitter 3 receiver ZYEY] self- ¥ mutual-inductance
otk wekd 712 50 WA 60 HzolA E&eks Wk 7} AAok ) A% self-inductancer Lol 7|9}
v B3z A3 EACF Ao v welvle) 13 =3 HFHstR R AJ~gle] A7|7F AXA "ok vk 13 & Y
22} 28 dual active bridge (DAB) AWEIE FAJo] o] ANAEE o83 BHE FXIZE e, 23 Fo HE
FE AY ASE bt 712 gubdel uFy B4 522 P4 99 BY waE $4 29 set
WY A9 w2 AE AY 58S 4] 98 13 3 27 Afe & W& FFHo] P23 mutual-inductance 7}
= Adel EEH Azt MA wiA o] ik w134 AastA €k @A parallel -series resonant A]Z%¢]
Z3 23 = AN Hd 2 Wz 93 HaAs L input impedance® FZFIFONA Hu7l HBR 3z
ARgEi o= Wsk] FAl Fvhel 4dle] €rh EE, Asizh Avk mEb] AdAE e I9EE F7bsted DCst
Adfre 2w wet AFY F5E SRR FUd wE] azxste] g JIURE FIMAAC Frt X 14 Al2H
Hojglojol st o= olEd FY Ev AAdRUt FEE AA 3ol 9lal 19 19+ LC-DABY 32%7F
ggol ok dAfe @A 2 FE A FPed =@ E 1 A2E A 2
gt} o)#d WHES Kyl F o)d =& ole Agt 300V |[A 3 AR 78 A
P804S ©]83 loosely coupled dual active bridge g% AR 20 A e 4 kW
(LC-DAB) #AWElelA Fd d¥ HAE8 IYS DABO
Agsigon B4 Ay A% 2d o) Bgel 90 % AR sd a9 AR S0A 5 3 cm
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E 1 °H& Ferrite plate 37|of w2 &4 FYe| -factor

M C|“ 1,1_._' B RX IX corg 10 cm 11 cm 12 cm
L | core
L% L H Ry 10 cm 459 530 544
— it 11 cm 489 550 613
83 12 cm 429 515 552
E 2 2H& Ferrite plate 27|ofl Z Coupling coefficient
_| AH
1008 A X corg 10 ecm 11 cm 12 cm
RX core
2.2 LC-DABE 3a 84 4l 10 cm 0,275 0.272 0.266
59 3 cm 9 1 kW F LC-DAB 9 788 93] AAd 1 em 0271 0.269 0265
mutual inductancet 13.7 uHe]t}. Coupling coefficient”} 0.3
d o 4 ZYY 2 79 self-inductance= ZH7F 155 12 cm 0.265 0.264 0.261
uH, 134 pH = AAI}  Self-inductance®} coupling
coefficient® =o|7] 3 HeolE IoE AMEd IYE 3. FHEEES gz AMEdolHA
AAG ZY 7 AFEES =o7] HdAE =YY
Q-factorg2 ol Aol Tasith wWEM  fFdasdy A 22 A28 Y8 LTspiceE o] 83t0] A&7
Aol 22 Eg o]l Ansys HFSS® thdt 0] d4& olHS APt 18 30 AlEgold mdo] ueuiglrh
A g Algdeld Adz mole] dio]l Id 29 2 ¥ 30 Sees siwon Ao maluESo] Auso 9
I-core & W 7M¢ =2 Q-factorg @& F U I-core= o}, Qe AE} A 142 kWeb 1.39 kW 08 =450
T o2 Abeld] air-gap %] QF% fermrite platesh wHES &S 978 % olSlth &4 IFHL WH AYEI} T W,
ferrite plate®] ZL71E 24T = vk vpEE: ferrite plate] %2 30| 51 W, 44 Zdo] 43 Wt 2Aegic) 4 =
715 7199 AVl F oA AlR HeHER S Aol A TjREe] 2o WA 44 79 Q-factor =
coupling®] &A1 FY9 self-inductance®} Q-factor’} wolo} [C-DAB Al28lo|d 1E&S 9A slsste o 2
AN k& ferrite plateE A W Tl Q-factor’t 9k,
Z7VekARE  coupling—coefficient”} 4%t} ol F =Y a0ty 001 e
Atole]l A7|AE o+ ferrite plate’} 7R wEFo|t) e
Q-factore} coupling-coefficient & U} &&ol #AU7] wjiol e :.i Bjﬁ 15:5 al 2 Lz?;f—ﬂ'f{iﬁ N
WS ferrite plate o F4E& A4 HAAT Lart vk s i — <2
We-xe Eds [C-DAB ]/\E'ﬂg] Ao A 3ol wranoo1 v
sEE AR Z2ZH7] e A 3 mEE AT W} O™ 3 Ltspice AlE2l0|Md =&
o IBEg FHA 7YY conductlon loss7} 8 £24o|t)
webA A 7D ok ferrite plate 2712 719 Q-factors # 3 FHUHES ALY HellH
Folal Al FUS <E ferrite plate Z7]= FAl SFHA Rtx 20 mQ Rrx 70 mQ
coupling coefficient® A 3sllek  drh.  Ansys HFSS Lix 148 uH Lrx 134 1l
simulation® 53] %4 ZA3} 21 FTU] AZ: ferrite palte -
anNe 47 12 cm, 11 cme® AA I vPEZ ferrite plate Cix 420 nft Crx o2 nff
270 F 59 02 om 02 A7 Ark Hm 20 mé2 Lm 10w
OFZ ferrite plate Cm 330 nF R 225
Freq 60 kHz k 0.26
4. 2 2
71&2 DABY AHSHE 1EE 153 HeYE oA &
AEE 1gE 74 AE A 3ds AAsA 74 A4
AE Alzgle] 48 OiFE $41 ZdolA] BASEZ FAl
Y] Q-factorE =ole Aol T8Itk frassfiiHoz
AlggolAd 3 A3 T-core FENS FZo)7t 7 Q-factor?l =
& FYS = F ATk I-cored HMEZE ferrite plateE =
Al A 7Y 9] Q-factor?} coupling coefficientE Aol 714
& 5 Ao o+ ferrite plate?] =719 A9 Q-factor 9}
+ v]#3FA N coupling coefficient®}= W] &3}, wlela] 4
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A FZde EHo] A7] wwdd $4 ZY9 HE: ferrite-plate
o) ANE 1Y Qfactors F¥ola Fal :Ye 4F%
ferrite-plate®] =71 Al 3o} couplinge] 237 FEE
AA AL AlEEo]AS B3] 3 cm air-gapol A 97.8 %<
E2E&S 4k
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