METHOD AND DEVI CE FOR DESI GNI NG A CURRENT SUPPLY AND COLLECTI ON
DEVI CE FOR A TRANSPORTATI ON SYSTEM USI NG AN ELECTRI C VEHI CLE
5Technical Field The present invention relates to a nethod
and device for designing a current supply and collection device for a
transportation systemusing an electric yehicle, and nore
particularly, to a method and device for designing a current
collection device to be installed in a vehicle and a current supply

device for a t MEIPIODAND DEVECEPOR DESIENINIDATERRENT SERPENAND
capabl e of chg&gin%ﬁf battery and noving usin ower sug%lied from an
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exhaust gas e

fossil fuels. hi this instance, mtited to an outside of
the vehicle after the fossil fuels are 15 conbusted in an engi ne may

cause envirggaﬁntil.g sues, for exanple, air pollution, global
war.rring,San.e cal e In order to resolve such issues, research on
vehi cl es using altgs PREEN SnRHE6E ir85te8as agrﬁ@t'ﬂo@ angueted -forv@&iﬁlh?gs a current

using the alternative energies may include a vehicle using '
el ectricity supy edd icolleetibatdewicy foraa (rehspottetiors systpna ufing lan eédcric vehicle, and
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usi ng the e%%%?%?%ﬁ%%ﬂ%Pugﬁgogg??E$§T?hnggdonestic envi ronnent, the
vehi cl e nay Baelegtotimi Artavel from Seoul to Busan, for exanple, about

400 kil oneters (kp), on a si.ngle charge. However,.in order to .

|l ement such a VERPETEOREI G GERERRSRAINC bt SR S 4iTE eseldeds
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decrease an efficiency of the electric vehicle. In addition, although
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30 stop at i O el t I i ehicl.e i .
pover of t ng BaF ahenhnd Bl HhE® In G, B85 SuckE s r B0 ahlRgistes
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short tine ma .beuaiff%ﬁult,.mhep conpared to the internal .

conbust i on S Relge R yepiele using eleciyicity;storpd iy apatipiyy adishisly e gduel cell
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transportation systemusing an autonobile receiving efectricity from
an el ectfi cithey vehighe$ yneidiphek abenst dhe edhiblel wsing ebgtricity estared anrthachattéry is
online 5 ele &Qi% vehi. Iqi(CLEV) described in the disclosure my

recei ve el e®fT Vt?n§3%§F7ed froman electricity supply device
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the supplied electricity, Wien the OLEV travels on a road where a
current suppinge desAradty 8f theshaterse qurrenily i/ ufgedolacks: sufBeierisypigme.heFor
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battery. In i.tion, the supplied electricity may be used for
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require a relatively long time to re-charge the battery. Accordingly, refueling of the

electric vehicle in a short time may be difficult, when compared to the internal



20 di sclosed in Korean Patent Application No. 10-2009-0091802, filed
in the nane of the present applicant. Korean Patent Application No.

10- 2009- 0067715 di scl oses a type current current supply device or a
dual rail-type current supply device in which el ectrodes may be
arranged in a noving direction of an autgnobile, in particular, in a
direction orthogonal to a direction in ich a road extends, and
current supply cables nmay extend 75 along the noving direction of

t he aut onobicb@budtivneapine aslicleKor ean Pat ent Application No.

10- 2009- 0091802 di sc] oses the 1-type current supply device in which

el ectrodes may beltdhisapged kareayPaciNg. Ag+Percerstiiehn thaname ehibsipresent
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above, a U-type orf a nono rall-type carrent supply device may Be

i mpl emrent ed froln ah hadedvitiyypsumply rdemice siugipllad Helvivc e, suethex bf ademd. 3@nmayiine

be di sposed on both.si d,in.a.center, In the U-type current )
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provi des a nmethod and device for designing various types of a current

suppl y and odieFlecusingnthgestippbed ekediricjtyanWhepstherit € aravgls qreehisind avhere a
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provi ded a esi d a current supp evice for

power W r el egglliedtfong theedledtidity ipplidddvicea GMiigneht CIHV @at¢loon davhd &here
t he net hod i ncl udi ng operatjons of,(aa receiving an input of a gap ..
bet ween 1f he R FHERE SuppIdpvigevs dat Hitillehethe PTRAIMEPE dav e Hsiggwrlccticity

b) determ nj i wi @t a : i .
(b) Riod&h B th Bt %Oﬂggfon, th%%ggg@geeg#g@é% AR E el §6L Lising the

core or a gap between tm% | acent es of the curren
suppl y devi betterpas &t GhEVhe Agaprdoegi weeounting acienvebittesyipph Jargevdpaeityafia a

the current .col l.ection.device, (c) receivi.ng an input. of al
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supply devi ggreBd Inddddet@Ine e OLBY Ay HEPUBEd Rf stPPWRT a Idhghens upBhdres the
to the current supply device, based on either of the wdth of the

current 8uppeijerysace gl bagterygrax be ehapged Walethp OB &t\wsehiiven along thggoad where
dj t j . . t |y device determ ned in
agj acen nagl%e%dbn)%?{)%ﬁg&[ Cﬁ%/l%/ﬁh?ll’l%&hé&n. suppl'y

t he operation alue required for the magnitude of the
magnetic field. A currenfThppbpéevatd fonsupglyinkyromkerto tecOLBE hay jnclude a W-

determ ning a nethod of disposing an eleciric cable to be used f

suppl yi ng tﬁgmpBW%?“t%mPgéagﬂP?éﬁ¥%§ﬁ§dpy EvpcgﬂﬁﬁtéPP%%@O&§§9a358909
(d) is perfoogeds, 2QEhe t1ePemAL ORE pPRYNTPHLEERE, ahd %1lqd§per &fRhY spPlPdevice
input of an arrangenent direction of magnetic poles of the current
suppl y devi declpsedmeKpigan Fpenthipplicatiah Nos 190e2008:0084802, filed in the Twge of the
arrangenent direction_ of the neti ol es r S |

Gevi oo may Phariatindy KSRTadRe SrlRaih Ro: plPaBRE b iRt o
direction paymlduedent upply2devine otqr dlial edl-iypa cofredtheppleliecice imndichRyechedes

al ' gned wit Tna%/ageha18§nhg%{1 in a moving direction of an automobile, in particular, in a direction
orthogonal to a direction in which a road extends, and current supply cables may extend

25  along the moving direction of the automobile. In contrast, Korean Patent Application

No. 10-2009-0091802 discloses the I-type current supply device in which electrodes

may be arranged along a moving direction of an autdmobile. In addition to the two

types of the current supply device described above, a U-type or a mono rail-type current

supply device may be implemented. In the W-type current supply device, electrodes

30  may be disposed on both sides and in a center. In the U-type current supply device,

electrodes may be disposed on both sides.

Disclosure of Invention




The arrangenment direction of the magnetic poles of the current supply
device may indicate that a plurality of magnetic poles may be
arranged in series along a noving direction of the vehicle. The
operations may further include (d2) deten-nining an active or passive
30 shielding schene with respect to an eflectromagnetic field (EM)
occurring in the current supply device and the current collection
device after the operation (d) is perforned. 4 The operations
may further Tedoliecd&oad3) determ ning an ON and OFF state of a switch

of the current supply device after the operation (d) .is perforned.
The operati ons rraggfaél?‘?“héf 5%6&%?%3&@%&)0%%9‘@#% %W@@&nfié}«wﬁaﬁ@ ch%@mng

current col kg6l &eHaCRrrdht ﬁﬁ?&éﬁn]&l ;églltl&%o}{ RBies Radly Qrtlcfh %ﬁﬂ:ﬂﬁﬂ%lﬁf

an alternating cuirent 5 magneti d occurring in current
suppl y devi declafitadsoluhensoper ati on (d) is perforned. Accor di ng
to anot her aspect ,of the present ipvention,.there i,s provided, a

method of dest gni Ao aTRGAF ahasesl PERERSHotLUEE s P ERte St of

device for sugphing rag:uﬁ_@mesrugp\iyr@bﬁ%&‘bysutpplymg/ﬁhm!varél;&@iyudiarkg:hﬁble including
current collection device by generating a magnetic field, the method

i ncl udi ng opeuaeRiolegfon ¢ovicsetheimpihed wekidyg qraradions ef () secgiyingin ingpt of
val ue, the desi er. i.ncl udi resona f e . f

current va|ge?&gqﬁﬁ%%ﬁn§% gmgﬁﬁrgﬁ?ﬂggggf§z%@dﬂ%bfﬁggﬁigﬁﬁﬁ%ééfﬁgﬂ Q”
wi ndi ng nunldetermoiniig ether e mtidthalflastiientsupplyl and(do)ledtaeiovd miga gap banpetn two
of a mnimum.current collecti capacity val ue . required t he, curent
Col T'ect itbn QBFFES AR RaRe it PERURPCEUPEE §67ices Datedgon. fie gy petwveen the
col I ecting capagishyplykeicenr®méatibent coRBid d@‘i@eméme%@giﬁg’ﬁﬂ"iﬁp@tl Jraete
to occur in the currént supply device and the current collection

devi ce, her e¢quated dor & mhgnifusld of ¢ reggnetih@clBvecueing e Heecurghimpply(dsyice, and
cal cul ati ng rrent collectjng capacity and lLevel of an.,occurrin
EVE from a GOsTORTPAREAEAE st PF RTTYS bainBP e to i sty st g St baska
cal cul at i ng oafeithBieo e e dth ¢faht ealrémGusipaad tcyllefidn bt dreelsapbetisRen the
20 occurrin%gENF,mhile ad¥usting the feed current. value of the set
desi gn par ar¥P @AIagAE MgSte Ppleg od el cuisné srrrly desise idstgraigd dn the preration
| ess than the) G feRhebdRchifi%nE ARBfide le or when the
cal cul at ed Rgbé#{of tLe aicurrﬁﬂb EN% %s dﬁggfgggﬁﬁﬁﬁﬁé e EMF
reference val ue, hee eparatiansmayefuetheeticlude 4¢1)"desirnsning a sadthaf gf dsposing an

design condition," and (e termning.a feed cuyrrent valu nd
anot her desiegﬁ‘igtfa?agfﬁettoeée %Sﬁg S%rn“iulpypybrégg fhy POZET tq the g eBteS“pryi %é(fce after the
desi gn para%gagﬁomhgqspagxﬁ@@d current value enabling the cal cul ated

current collecting capacity to be greater than or equal to the

current 28ol | ecti nghw@a@npw Efye B 1pdPdre repstying an| @pel opfant peangement
occurring E b r . e .
hereinafterMES%%?%g%hﬁ%ﬁgghﬁpggggﬁﬁggéx%ﬂé%gﬁgﬁgﬁu%ﬁ%%§$?%§f%%#gsn(® 15
present. \Weearfoimeed eed current val ue satisfying the design condition

i t o th 30 ti e), t ti furth .
Corpresen T her 30 operat on o). e spsrelons ey Puner
to be the finglindRaldMaPA RARUES: migletil poRk %@ell?ﬂle_ﬁd Wé'di@é@@i&??ﬁgﬁ’é]tto a

frequency, hereinafter referred to as "the upper linmt resonan
frequengy, " m&isadiretiph n§thenehigtssingrmayolraialigned With eadpethei. ng t he

cal culating of the, current collectin apacity and t | evel, of the .
cccurting e whi 1€ Piriineip o BRRRER e B b st ¥R Hoalgfevice
paramet er Winidyi thdecakeafige o predlity ARt P8 hbyite #reH@BARA series along a
frequency, when a resonant frequency value currently being set is

| ess than t Feovippaireqtiphiof theggbicknt

The operations may further include (d2) determining an active or passive
30  shielding scheme with respect to an electromagnetic field (EMF) occurring in the
current supply device and the current collection device after the operation (d) is

performed.



5 frequency within an allowable range, and (el 2) determ ning the

maxi mum r esonant frequency determned in the operation (ell), the

feed current value of the operation (e), and the other design
paramnmeter currently being set, to be the final design paraneter.

When the feed current value satisfying the design condition is absent
in the operation (e), the operations may further include, before a
desi gn paraneter currently O being set is determned to be the final
desi gn paramet er, Theddgratiepeaty faghthiaclodt ¢dB) atiengindig 4h©Ncandr@FE state of a

col | ecti ng capaci and the | evel. of the occurri EMF. whi
i ncreasi ng tﬁp %p%%ﬁﬁ cyrrentsapRly deBine 2R eiipe grapP @?rsmﬁoaﬂ%ore or a

gap between magneti¢€ opaLESns M8y SRt iBELED r(@@néiéferﬁﬁxfnﬁ% rtgqe§o‘ﬂa@sthe tclilF'rent
wi dth of the current Supply and collection core in an al
range and adplistiongdevideeeidachad rtenthe vieshids af e2 Zequenrcyi ofati m@tematmg current

process Qf desi he current sup devi

ol | ecti n AEUPeR ith Sefiin o RBtnr Sl iB5e, Mimctiotrationofd) s
core and a fpegdmeedr rent val ue satisfying the design condition are
absent, or proceeding with operation (e23) when the width of the
current supply andcediingcioi arptlhr espapidof Hee pessentcisyerdism, vibgrads provided a
sati sfying i n 20 n er,
limt resongﬁneﬁll(gﬁz)gg{e%ﬁ%@&ga%l S fﬁgoﬁi‘%ﬁ %evd& s%gan ngﬁ]rg%n{?i oﬁp@yd&ﬁge for
repeating t hepld@hlgupmérngnrefesﬂjnetocaurxrehmﬁe mojlmchﬁg ianguieapaailieyti@ndetibe by

| evel of the occurri n e incr t he resonant uency _of
the desi'§n FEPHREI%A ! %“ﬁ 1?1% ({*éhﬁénqt }nc "rg PN et ”ﬁ? g a design

resonant fr aH@NE toMEHitdh] MARRN AN dési@qf?‘ﬁﬁhﬁ&ey AdRRIiRY B BRnbY: RELRECy, a
set is less than the upper limt resonant frequency within an

al | owabl e r é@@ecmm V(a 4)a @I@tﬂeromancmgem H@Pl@l;ﬁpﬁ@ﬂ ¢alkeption e@r@nalmd a wmdmg
LaraueneY, Sl ST ARG APELE' bONaSA0Rk: of af S ISR cuen

currently bebngstﬁlgtcapédiltybaldeheqlﬁltd’dalby dﬁ%u%ntp@d‘l&ﬂ@érﬁﬂevwe heremaft&hﬁferred
design paraneter adjusted in the operation (d) may incl ude a windi ng
nunber df tH#e aéuﬂeeﬁlfrr%|q03%<ttin§nca@é?lty ree{?ran%éala%s.a@ﬁ pERawEe EMF value
det erm ned t,9.0&d tifedcuPah tﬂ@semnp%ﬁ%ryt@éwae aﬁmh@raﬁfra}ﬂ O8N1eBn M¥ice,
i nclude a wi nding nunber of the current”30collection col

The r esonanthefediee rafgrradaouss "theyENME refetaaceivalad" (0 dah:ubatmglawngnteaﬂlectmg
t han a maxi num ud| gﬁele re uency

t
{0 whet her REUE S an SRantiRg e somye degjen ReRGET Aupar s Thie st

whet her a di éa)t Bapestihe theeedlcdl itheCof ERNEurbdipRolledyl &Padtd ahdene WEEDE the
coll ection device is )great er than or equal to a predeterm ned m ni num

di stancéd AceeraragMo vile jafjusiing herfeedspatent wilue hbthgselsdasieni navaarat¢rorien
there is proyl daddeq 2 iR le%Em §%&E}>ﬂ? lgssct’ﬂ?n ?{Q YRR Ynd! Cc%pamty
for supplying power W reless ehfcle I'ncluding a curren

col | ecti on defetenee bylug@m@vlmuthg calcmla@déb"mt off itled dqcutﬂr@ BRIthBereater than the

i ncluding opgrations of (a) rec i nput.. of a COr & structure
type of the HYiF FEAIRS 1%)1]& T EHETRNE Uil S ader ohordiiche and
to determ n?eﬁde@&ﬁﬁﬂﬁg Q@ée’ﬂrﬁ%h%ﬁt Vailed Ml DGR H@s‘?@ﬂﬁdﬁm&&egﬂf%ﬂﬁy beiflg set, to
feed current val ue, of a current supply and to collection
core, arfd abegi anfélitah glemmvb@rramfer avhenrthefeed cofrbgctalusrengbling the shlcglated; qugrent
t he design Ra r a c r.ec |V|n n

i ni num cur r 8%?0 26l faéjélflt}ﬁgo cbaep reater @5 u)&h i'f ¢ b%}lrgﬂg CBE?CEEﬁtcapamty
col | ection deftenee vilae ahdfetievel roeﬂear cb’d%dnin(g EIFith ® e &tk Hemt orGlihlas the BMF
capacity reference value, " and a maxi mum EM- val ue allowed to occur

in the currdpfereagpprlye.dsisinaitcarrdererklods  foentisiydhe dstansiondiéion  ds present.
hereinafter refer {)\ﬂgn tﬂxé f%eQi @Lﬁlen‘ﬁ leuglggtlgfﬁlfngrtﬁg?i@s%ff‘a&ﬁdmorf gs) }Present in the

calculating a current collecting capacity” val ue an eve
occurri rsg EMpefatiom(e), theesogmatizess anet Brtheuinchnie] yetbel mdesgt par@mpter currently
being set is determined to be the final design parameter, (e11) obtaining a maximum

resonant frequency, hereinafter referred to as "the upper limit resonant frequency,"



When the feed current value satisfying the design condition is

present in the operation (f), the operations may further include,
before a design paraneter cun-ently 7 being set is determned to be
the final design paraneter, (111) obtai ning a nmaxi nrum resonant
frequency, hereinafter referred to as "the upper limt resonant
frequency," satisfying the design condition by repeating the

cal culating of the current collecting capacity and the | evel of the
occurring ENEisfhinkehé desigasbnditibheyrepemiagtthé rcegurtisy obfthe duirfi@ collecting
design paraneter within a range |ower than the upper limt resonant
frequency, AR apedemianel of aereHEiraAMlieviith nevatiye Biitaypnae freqency of
| ess than t

ange, and (110 RGN G SR b T AT Mob TR MR By, when
det er m ned |anres¢nanb[ﬁeqa¢ncyrva@tfeldl)rrenﬂydaem@detmﬂrlegntﬂlalwa]hmeppﬁr liuhe resonant
operation ( an .ot her_ desi araneter. currently bein

b6 T he 1 PnalteaBgicyn fufaHopuvoDl Gl AT K2 GBtFr Bl s YR path resohant
satisfying thquéRsidtraeRdiih R ogetatRAIENY, thb fédaccuteBl AlhOsr the op érﬁﬁon (e),
operations may fufther include, before a design paraneter current y

bei ng set i &n@#eertharesign patsmetassuenily b%segrto bat@rfmaédemglmameter
repeating the cal t f re t

| evel of the occuﬁ&?ﬁéhgﬁighﬂ} gt%%%Fégé? 8(k§g?(%8%% he® ng?éﬁ%ﬂm
supply and optilager (€N tizospraiond ngaa;pfubtaémamdwgafeﬁel € dddreparamdfer currently
herei nafter connDnIy referred to as "the width of the current sup

and col I'8ct PERSSEr s detepmingdio B thy Teplglgign palﬁtget%n(&Zb)djeaeattmﬁéheacqle%ﬁmg
cuuent val ugy tfeldgdent @&Tgcﬂﬁé 'CQL[gicﬁ y Rh EESRv el 0fARS b8 Fm GHEIE ©ilreasing
supply device when a wd he” current supply and co ction core

and a feed ¢hs walh Wahmeursqttlsspyymgdtchéeaﬂem g@re coadiap ibetweanenagrstapoles,

or proceedi h o erat 12 e h of the c rrent .
suppl y and 2%{6}1@%\‘1@{ SRS ycﬁéffén%dﬁg) eHlF @t}b 88& ShPUTUAY FBP %taingfcflﬁ(&lon
the design cerdi ¥itRA Ar#lopaBReMige ni23)usahE aifeddnair@nt vie(ed2) Mrininating a
resonant frequency_ sati sf y| ng the design condition by repeating the

cal cul atlP ng PoFcesshef designing: the spred sipR}y dapse ﬁl@cytharwrrﬁmf@ilwém dsiicefhen a
occurring EMF%Mﬁ tfle cﬂﬁérﬁ%g@? atnﬁecoﬁg RRaRke Eﬁcf g ‘f@éa%n% Nt {fﬁﬁ gﬁﬁfﬁﬂg the
parameter within a range | e upper Trmt reso

frequency, whkepn aondsanartaberggoepoyeodalgieit vpeativh ye2B@when slet widsh of the

IessthantheuperLymCLrso.nant fregf%%/wthlna all.o ble .
range, and CY3H)' HEPEr AhiCALCEAR @ppaPd Ihetted: BuEmh Rl giyme the design
det erm ned icBndih6n QREFRENON e "(hﬁél)Q@thnﬁ@eanf%gr Gt ﬁﬁﬁnaﬂﬁﬁ@@eﬁéy bRfying the
operation (122), and the ot desi gn rameter currently belng set,

to be tR& fidesien dexdigen prrenvetieg theThbutsisp of thaewrnst e@lle&dpgs@mltv and the
t he operati A I i the cur r

col | ection gé(}ieF %)fatg% Otcﬁlﬂ% ggiﬁé{% wg{rigrlr@ eaS%I 91 é?%l% élneacril quenCty h fe\& n ?Slgn

desi gn par ameiagfetdrwitiiea @@@ea@werrth&lﬂthmpp ¢rnhitl e oRantirBgliengy, Ml @rrenant
the current collection coil he resonant frequency val ue ‘
may be det edfHREHYL RlgRe C&I‘f@}&%@l@g o5t & letsmﬁnathﬁasapﬁﬁ it ggsphant frequency
frequency v

condition i ?1’2131% |arslfaluggabléy1q§‘%egl udg@%@?%rt(?nﬁlﬁl?lﬂ Whﬁﬁerlh%? ?L‘satﬁ glgcr:%equency
bet ween 26 he detgrmumet is dmmmraﬂlem(c@)atﬂld f@dds:umn‘r alte stthe opehiian(cd@)yiacd the
is greater than .or e aI {3 e et er gﬁ‘l[ery ny@ di stanc%

According t & éfiesé% 5L g e F% R TAVERIE' I g e i s
provi ded a devi CeTﬁ@rdeﬁgﬁlpﬁfwﬁ@eraa&juﬂe&nﬁ P bp&&tid:P1d)dRMY GRcIAAS adwinding
current supply device for supplying power wirelessly to a vehicle

i ncl udi ng a"etberaf theopuresst icolbecteniced. pyd Gerdestani prgaractrmdetemiioed faebe the
t he device i t t

uni t o cal a8tk flby PR PR s 3R Ly SR B uent
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25satisfying a current collecting capacity and a | evel of an EMF

Wi thin a predeterm ned range. The design paraneter may include
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desi gnl ng a ent pry devi ce based on an axi onmati ¢ desi
including a resonant frequency, a feed current value, a width of a current supply and

10 collection core, and a winding number of a current collection coil, (b) setting the design
parameter to an initial value, (c) receiving an input of a minimum current collecting
capacity value required by the current collection device, hereinafter referred to as "the
current collecting capacity reference value," and a maximum EMF value allowed to
occur in the current supply device and the current collection device, hereinafter referred

15 to as "the EMF reference value," (d) calculating a current collecting capacity value and
a level of an occurring EMF from a design parameter currently being set, (€) repeating
the calculating of the current collecting capacity and the level of the occurring EMF
while adjusting the feed current value of the set design parameter when the calculated
current collecting capacity is less than the current collecting capacity reference value or

20  when the calculated level of the occurring EMF is greater than the EMF reference value,
hereinafter referred to as "fails to satisfy a design condition," and (f) determining a feed
current value and another design parameter currently being set, to be a final design
parameter with respect to the core structure type, when the feed current value enabling
the calculated current collecting capacity to be greater than or equal to the current

25  collecting capacity reference value and the level of the occurring EMF to be less than or
equal to the EMF reference value, hereinafter referred to as "to satisfy the design
condition," is present.

When at least two core structure types are input in the operation (a), the
operations (b) through (f) may be performed sequentially with respect to each core

30 structure type.

When the feed current value satisfying the design condition is present in the

operation (f), the operations may further include, before a design parameter currently



15FIG 5 is a flowhart illustrating a nmethod for an optinal design

of a current supply and coll ection devi ce. FIG 6 is a diagram
illustrating a device for designing a current supply and coll ection
device for supplying and collecting power using a magnetic induction
schene. <Description on reference nunerals > 100: Online electric
vehicle 10, 20: Current supply device 200: U-type current supply
device 211: Core (magnetic pole) of U-type current supply device 212:
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a resonant frequency value currently being set is less than the upper limit resonant
frequency within an allowable range, and (f12) determining the maximum resonant
frequency determined in the operation (f11), the feed current value of the operation (f),
and the other design parameter currently being set, to be the final design parameter.

10 When the feed current value satisfying the design condition is absent in the
operation (f), the operations may further include, before a design parameter currently
being set is determined to be the final design parameter, (f21) repeating the calculating
of the current collecting capacity and the level of the occurring EMF while increasing
the width of the current supply and collection core or a gap between magnetic poles,

15 hereinafter commonly referred to as "the width of the current supply and collection
core," within an allowable range and adjusting a feed current value, (f22) terminating a
process of designing the current supply device when a width of the current supply and
collection core and a feed current value satisfying the design condition are absent, or
proceeding with operation (f23) when the width of the current supply and collection

20 core and the feed current value satisfying the design condition are present, (f23)
obtaining an upper limit resonant frequency satisfying the design condition by repeating
the calculating of the current collecting capacity and the level of the occurring EMF
while increasing the resonant frequency of the design parameter within a range lower
than the upper limit resonant frequency, when a resonant frequency value currently

25  being set is less than the upper limit resonant frequency within an allowable range, and
(f24) determining the upper limit resonant frequency determined in the operation (£23),
the feed current value of the operation (f22), and the other design parameter currently
being set, to be the final design parameter.

The design parameter adjusted in the operation (e) may include a winding

30  number of the current collection coil, and the design parameter determined to be the
final design parameter in the operation (f) may include a winding number of the current

collection coil.
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design parameter database to store the design parameter and a variable range value of
15  the design parameter, an input unit to receive, from a user, an input of the design
parameter, the variable range value of the design parameter, and a design condition
reference value including a requested current collecting capacity and a requested level
of the EMF, a design page providing unit to display a variety of data of a design process,
the data including data calculated during the design process, the design condition
20  reference value, and the design parameter value, and a design process controlling unit to
control the calculating of the current collecting capacity and the level of the EMF
according to a change in the design parameter, and a process of determining a design
parameter based on a result of the calculating by controlling the aforementioned
elements, in order to design the current supply device and the current collection device
25  satisfying a current collecting capacity and a level of an EMF within a predetermined
range.
The design parameter may include a core structure type of the current supply
device and the current collection device.
The design condition reference value may include a minimum distance value
30  between the current supply device and the current collection device.
The device may further include a distance calculating unit to calculate a

distance between the current supply device and a current collection device from the



FRS = Supply electric power to the underground cable 11 Constraints
(Cs) of the transportation systemare as follows: CI = Safety

regul ations governing electric systens C2 = Price of OLEV (should be
conpetitive with cars with I C engines) C3 = No em ssion of greenhouse
gases 5C4 = Long-tenn durability and reljability of the system

C5 = Vehicle regulation for space clearance between the road and the
bottom of the vehicle Desi gn paraneters (DPs) of the
transport at idesigsyatemesat i sfyi ng the aforenenti oned ERs and Cs are as

follows: DPI = Electrig notor DP2 = Underground coil DP3 =
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In addition, in the designing method, various types of a current supply and
collection device may be designed using an optimal method.

Brief Description of Drawings

FIG. 1 is a diagram illustrating a length direction and a width direction of an
10  online electric vehicle.
FIG. 2 is a diagram illustrating a U-type current supply device.
FIG. 3 is a diagram illustrating an I-type current supply device.
FIG. 4 is a flowchart illustrating a method of designing a current supply device
based on an axiomatic design theory.
15 FIG. 5 is a flowchart illustrating a method for an optimal design of a current
supply and collection device.
FIG. 6 is a diagram illustrating a device for designing a current supply and
collection device for supplying and collecting power using a magnetic induction scheme.
<Description on reference numerals >
20 100:  Online electric vehicle
10, 20: Current supply device
200: U-type current supply device
211:  Core (magnetic pole) of U-type current supply device
212:  Current supply cable of U-type current supply device
25 213:  Cross section of U-type current supply device
300: I-type current supply device
311: Core (magnetic pole) of I-type current supply device
312,313: Current supply cable of I-type current supply device
250,350: Magnetic field formed by current supply device
30 600: Device for designing current supply device
610: Design process controlling unit

620: Current collecting capacity calculating unit



20t ransportati on system may be deconposed until a detailed design is
conpl et ed. Herein, a method of designing a current supply
device to be used in the transportati on system nmay be provi ded by
deconposi ng the second FR, hereinafter referred to as "FR2," and the
second DP, hereinafter referred to as "Dp2," of the transportation
system FR2 and DP2 may be rewitten as follows: 25FR2 = Transfer
electricity fromunderground electric cable to the vehicle DP2 =
Under ground coil 630: EMSBilexckcacdetied hisd desi gn concept is absent,
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dictionary basis, but should be interpreted on a meaning and concept basis well

matching with the technical concepts of the present invention with the principle that the
inventor(s) can properly define the concepts of the terms to explain his or her own

15 invention in the best manner. The embodiments disclosed herein and the
configurations shown in the drawings are only the preferred embodiments of the present
invention, not expressing the technical concepts of the present invention, so it should be
interpreted that there are various alternative equivalents and modifications at the time
the application is made.

20 With respect to a design method according to embodiments of the present
invention, design parameters of a transportation system using an online electric vehicle
(OLEV) may be determined as follows based on an axiomatic design theory.

Functional requirements (FRs) of the transportation system are as follows:
FR1 = Propel the vehicle with electric power

25 FR2 = Transfer electricity from underground electric cable to the vehicle
FR3 = Steer the vehicle
FR4 = Brake the vehicle
FR5 = Reverse the direction of motion
FR6 = Change the vehicle speed

30 FR7 = Provide the electric power when there is no external electric power
supply

FR8 = Supply electric power to the underground cable



(ferrite) DP22 = Electric power level, i.e., current (l) times

vol tage (V) 15DP23 = Wdth of the magnetic pol es established by the
magnetic core in the ground DP24 = Active or passive shield for EMF
DP25 = Switch that turn on/off the underground power DP26
= Pick-up unit nounted on the car that resonates the frequency of the
20al ternating magnetic field Wen the FRs and D.Ps are set as

descri bed above, a design matrix may be provided as expressed in

Equation 1.
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[ EquaCbi¥iraitits (Cs) of the2BspottAtibn Als?em are as follows:

C1 = Safety regulations governing electric systems

C2 = Price of OLEV (should be competitive with cars with IC engines)

C3 = No emission of greenhouse gases

C4 = Long-term durability and reliability of the system

CS5 = Vehicle regulation for space clearance between the road and the bottom of
the vehicle

Design parameters (DPs) of the transportation system satisfying the
aforementioned FRs and Cs are as follows:

DP1 = Electric motor

DP2 = Underground coil

DP3 = Conventional steering system

DP4 = Conventional braking system

DPS5 = Electric polarity

DP6 = Motor drive

DP7 = Re-chargeable battery

DP8 = Electric power supply system

Fight FRs and eight DPs of the transportation system are provided above. In
addition, a design matrix may be uncoupled. However, the FRs and the DPs of the
transportation system may be decomposed until a detailed design is completed.

Herein, a method of designing a current supply device to be used in the
transportation system may be provided by decomposing the second FR, hereinafter
referred to as "FR2," and the second DP, hereinafter referred to as "DP2," of the
transportation system. FR2 and DP2 may be rewritten as follows:

FR2 = Transfer electricity from underground electric cable to the vehicle

DP2 = Underground coil

Since a detailed design concept is absent, FR2 and DP2 may not be
implemented intactly. Accordingly, an intact concept on the OLEV may be defined by
considering FRs and DPs of a lower level. Hereinafter, by decomposing the FRs-and
DPs to a lower level, 1) a method of transferring power above a ground, and a method
of adjusting a maximum height of a current collection device, in particular, a method of

adjusting a gap between the ground and the current collection device installed in a
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vehicle, may be described.
FR2 may be decomposed as follows:
FR21 = Generate an alternating magnetic field
FR22 = Control the power level of the magnetic field
5 FR23 = Shape the magnetic field to control the height of the field, H
FR24 = Control the radiation (EMF)
FR25 = On/Off the magnetic field
FR26 = Maximize the pick-up of the power in the alternating magnetic field
created under the ground for use in the vehicle »
10 Various other methods may satisfy the aforementioned FRs. Herein, in order
to implement an uncoupled design, DPs may be selected as follows:
DP21 = Underground power lines with AC field surrounding the magnetic core
(ferrite)
DP22 = Electric power level, i.e., current (I) times voltage (V)
15 DP23 = Width of the magnetic poles established by the magnetic core in the
ground
DP24 = Active or passive shield for EMF
DP25 = Switch that turn on/off the underground power
DP26 = Pick-up unit mounted on the car that resonates the frequency of the
20  alternating magnetic field
When the FRs and DPs are set as described above, a design matrix may be
provided as expressed in Equation 1.

[Equation 1]

FR21) (A1l A12 413 0 0 0 \(DP21
FR22| | 0 422 423 0 0 0 | DP2
FR3| | 0 0 433 0 0 0 | DP23
FR24| | 0 0 0 444 0 0 | DP24
FR25| | 0 0 0 0 455 0 || DP25
FR26) L0 0 0 0 0 A466) DP26

25 In Equation 1, A11, A12, and the like may be provided as a constant function (a
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case of a linear system) or a DP function (a case of a non-linear system), and denote a
relationship between FRs and DPs. As understood from Equation 1, FR21 may be
related to DP21, DP22, and DP23, FR22 may be related to DP22 and DP23, and FR23
may be related to DP23.

From Equation 1, it may be understood that the design according to
embodiments of the present invention corresponds to a decoupled design. In addition,
it may also be understood that a relationship between FRs {FR24, FR25, FR26} and
DPs {DP24, DP25, DP26} is uncoupled.

A relationship between FRs {FR21, FR22, FR 23} and DPs {DP21, DP22,
DP23} may correspond to a triangular matrix which indicates a decoupled design. In
such types of decoupled designs, DP23 may be determined first. By determining
DP22 and DP21 sequentially, values of respective FRs (FR21, FR22, FR23) may be set.
In particular, each FR may be determined sequentially as expressed in Equation 2.

[Equation 2]

FR23 = A33-DP23

FR22 = A22-DP22 + A23-DP23

FR21=A11-DP21+A12-DP22+ A13-DP23

When the sequence shown in Equation 2 is not followed, independent
determination of FRs may not be possible. Since FR24 and FR25 are uncoupled,
FR24 and FR25 may be determined independently, as expressed in Equation 3.

[Equation 3]

FR24 = A44-DP24

FR25 = A55-DP25

FR26 = A66-DP26

Hereinafter, the design method described above will be described in detail with
reference to FIGS. 1 through 3 in relation to embodiments applied to a method of
designing a U-type current supply device, and a method of designing an I-type current
supply device, respectively. In FIG. 1, a denotes a length of a vehicle, and b denotes a
width of the vehicle. FIGS. 2 and 3, W denotes a width of a core, for example, a
magnetic pole, in a case of the U-type current supply device, and L denotes a gap

between cores in a case of the I-type current supply device.
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In a case of the U-type current supply device, a gap H between the ground and
the current collection device may be adjusted by setting a core width W. This may be
expressed by: FR23 = H = (Constant) x f{(W). Here, f{(W) denotes a function of the
core width W. In order to satisfy FR22, in particular, in order to adjust a level of a
magnetic force of a magnetic field, a level of power, in particular, current and voltage
may be determined. For example, when the voltage is determined, the current may be
set. FR21 may be affected by DP22 and DP23, and may be adjusted by DP21. For
example, a number of electric cables to be installed underground along a moving
direction of a vehicle may correspond to DP21.

When the description provided above 1s applied to Equation 1, a relationship as
expressed in Equation 4 may be obtained.

[Equation 4]
FR23 = A33.-DP23 = A33xf(W)
FR22 = A22-DP22+ A23-DP23 = A22-1-V + A23x f(W)
FR21-Al11-DP21+ A12-DP22+ A13-DP23
= All-electromagnet design + A12-1-V+ A13x (W)

In a case of the I-type current supply device, a relationship identical to the

. relationship for the U-type current supply device may be applied. However, in the

case of the I-type current supply device, FR23 may be expressed using a function of a
core gap L with respect to a moving direction of a vehicle.

Since cores, for example, magnetic poles, may be arranged along a moving
direction of the vehicle, the I-type current supply device may have advantages as
follows:

1) Since a length a of the vehicle is greater than a width b of the vehicle, when
the I-type current supply device is used, the gap between the magnetic poles may be set
to be greater along a length direction of the vehicle, for example, the moving direction
of the vehicle. In addition, as the gap between the magnetic poles increases, the gap H
between the ground and the current supply device of the vehicle may increase.

2) By disposing magnetic poles in a direction identical to the moving direction
of the vehicle, a magnetic field may be formed to be narrow with respect to a width

direction of the vehicle. Accordingly, shielding of the magnetic field in the width
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current supply demik#t€a type of the current supply device may be input. In particular, a
15 selection regarding whether the type of the current supply device corresponds to a U-
type, a W-type, an I-type, or an improved type of each of the U-type, the W-type, and
the I-type may be input in operation S401.
The U-type current supply device may have a core structure as shown in FIG. 2,
in which at least two magnetic poles 211 extend in a direction parallel to a moving
20  direction of a vehicle and are aligned with each other. Since a cross section 213 of a
core, the cross section 213 (of a left and right direction) vertical to the moving direction
of the vehicle, is provided in a "U"-shaped form, the current supply device may be
called the U-type current supply device.
The I-type current supply device may have a core structure as shown in FIG. 3,
25 in which a plurality of magnetic poles 311 is arranged in series along the moving
direction of the vehicle such that a single column or a plurality of columns is formed in
series along the moving direction of the vehicle. Since a cross section of magnetic
poles, the cross section vertical to the moving direction of the vehicle, is provided in an
"I"-shaped form, the current supply device may be called the I-type current supply
30  device.
The W-type current supply device may have a structure similar to a structure of

the U-type current supply device in which current supply cores are disposed to be



14 In a case of the U-type current supply device, a gap H

bet ween the ground and the current collection device nmay be adjusted
by setting a core wwdth W This may be expressed by: FR23 = H =
(Constant) x f(W. Here, f(W denotes a function of the core width W
In order to satisfy FR22, in particular, in order to adjust a |evel
of a 5 magnetic force of a magnetic fiefd, a level of power, in
particular, current and voltage may be determ ned. For exanple, when

t he vol t age pamlldeirelraddeesk, to tiReme vif | @it ctionyo ke S@ticle. FRRdcondiMgl9Esince a cross
affected by DP22 and DP23, and nmay be adjusted by DP21. For exanple

a nunber of SefEaGimagaghe pales, dh%@mﬁcham ef mlﬁﬁémgwhhénr%ﬂt@abveaﬂcal % the
movi ng di re%d\f?\ﬁg glfr d&ag%*f'tﬁé CeliBY. &g;g&ﬁa t"ﬁ/"[%ﬁ%éed form, the. c‘é‘ﬁ%ﬁt &Bfy

description pro ove 1s ap quat 1 on re1at|ons
as expr essedeviae Emgré)kalcahedmhmtm cohtat srupplly detagmat i on 4] FR23 A33

DP23 A33 f . 2 +.A23. DP
(W FRoY. A L BRREma smsy Be KHOBRmRES.oT A core rssie Bﬁ%ﬁ%imdlﬁed

design + A ?and ithprov¥d froM tﬁat}(p\é\lult?p@ aﬁ@‘?\ﬁtﬁfe chﬂ&ﬁ'suf)llyl?%e@ﬂéé rent
supply device, a relationshi i cal he 15 rel ationship for

the U-type curr enWh§u;§b¢ Wpd@xflthfecmlt b@p}épﬁlewe@l is ¢edovenvieed, aj gaptihdetesn a

of the I-type. ¢ rren evic b S in
function ofcgngﬁﬁuP Pl Egjg%afg§8%COFF%K%Q%%§F “mgﬂbgc |o%gg¥mgbeHWUt

vehi cl e. The curreld PRLICOHES: mﬁplbeeﬁﬁﬁmideundmdﬂﬁidl and @h @pperBottidie of the
arranged al ong a nmopving direction of the vehicle, the I-type current
suppl y dévi cen@gy RevEmatvarntisgel Bs eromds olcegidingly, a gap befyeay the grepnd

l'ength a of Lhe,yehigle o'll%c&f eéé\ﬁée Bﬁ?‘rbeaugﬂ.\fjt hn %g@?aﬁ%ﬁ%&ﬁmr%%é a gap

when the 1-type current su device’is u gap between
magneti c polbeswamyzwb eadfaetenttmagwng ekt erf tiad arrgena supspig dhvide rrex@/theodet@fnined

the vehicle (ﬁr Q% t he ving dir on of ﬂe veh%c ﬁ ;
addi tion, ad® Ong% Br e e “HEghe'P 5, viss anfl dhe gLt cp %Clﬁaﬁleﬂce
95bet ween t hg pgﬁfaumel iAnGeds OB Gi¥ UaHHe SRRk YusiRY dedcdfthd Metypeiuglest fMyly
I ncrease. % By dis 05|ng magnetic poles in a direction

i denticdpP tdevike Hapray tdpfp SIS Semdy detipeplecach offigétyre quiehisupply

may be fornmed, | th aB? tﬂ@%—%e\%&%ﬂ ?&%ﬁ%tde\tng%a% Wé&k}mr\gﬂi&? %‘idf‘voié & a tcﬁr% for

vehi cl e. Accordrngly, din
15 directi om:xmﬁpltehe meghettd polemzyrtin:el n‘oat\hembdu% direction of ti&) vdyclpriapadicontar,

a plurality a netlc fjelds sn | £ aneousl y occurri g al ong a mndt
direction of"‘”fhnée gfi @ 8 i(?% ARy rﬁiérleF?m’dl“Q%‘@sYlﬁﬁlr% 1ee 5ed g]FFéd may

| -type curr eRfersiRA!iN diy%f’dn%ﬁ 4411t hgy wcqwofi'a{eep%yperbuﬁfemt Elﬁ)pl’}ﬁﬁé\%eeor the
an anpunt of power to be 5transmtted may be i ncreased

20 improved type current supply device of the I-type current supply device, a gap L (See
FIG. 3) between I-type cores, for example, magnetic poles, arranged in series along the
moving direction of the vehicle may be determined in operation S421.

When the gap between the current supply device and the current collection
device is determined, a value required with respect to a magnitude of a magnetic field

25  occurring in the current supply device may be input. The magnitude of the magnetic
field may be determined based on an amount of power to be used for driving the vehicle,
an efficiency of power transmission between the current supply device and the current
collection device, and the like. In operation S412 or S422, an amount of power to be
supplied to the current supply device may be determined based on the determined gap

30  between the current supply device and the current collection device, and the value
required with respect to the magnitude of the magnetic field. For example, when a

voltage level is determined, a level of current to be supplied may be determined.



4) By flattening a profile of a magnetic field by introducing a phase
del ay between electric cables disposed along the noving direction of
the vehicle, an efficiency of power transm ssion may be increased.
Herei nafter, based on the descriptions provided above, a nethod of
designing a tocurrent supply device for supplying power wirelessly to
a vehicle including a current collection device according to

enbodi nents of the present invention will be descri bed. FIG 4
is a flowchart illnugieraiohia ofsubeth akthde if gitbogn@ clettiiceables BRRuyplying
devi ce based on an_axi omatic deS|gn theory. First, a type of the
current suppPyegéthe éurﬁ%‘i suly Agiee mpN bp dptereigpdyr | Fog exagpleed é’@metfﬁ of the
regar di ng S nd

too U yp‘g’%ﬁetc{}&{ctayéﬁ 1¥Hﬁ’qe? f%ﬂ%ﬁ‘elé&ﬁ% %‘Blieﬁb&rf@%%hﬂ@%h% ée{g%ﬁﬁgc?
U-type, the Wtyph, thadeklmw}oﬂ)ap@)rmng td ehei ampunhaticriesige Itlworpdlesﬁiiﬁ)eli above

The U-type current s haye a co struct

Theere Y8 ARy e Gt TBY Mt PE cRBledon PutsRcr e, & cucrent
direction p@ﬁﬁ}hyaém&@foaammma?@eqb@gﬁédl@gu@f a vehicle and are
aligned with ‘each other. Since a cross section 213 of a core, the

cross section 213H@@ﬁMﬁ@L@ﬂppam@1Hﬁ@mdCﬁdﬁ%@nn@ﬁyCﬂéﬂfd@amdﬁhﬁnﬁw<bmgn
novi ng dlrectlon of the Y hIC ded i.n aped form
t he current supp acco éi%/r}gce rrewsfilXI matlc (11‘11%}3%3 b%ory&ﬂtlyﬁgesgﬁlp?cgnt supply

devi ce. The 1-typelG urlrseanﬂoxw{amﬂ muéteaﬂncgea fRyhodafe af optifd]l SedigCblh @uasnt
shown in FIG 3, 25 in which a plurality of magnetic poles 311 is

arrangedolnsgﬁﬂYé@igﬂEﬁEPQﬁ%“W%V|ng direction of the vehicle such

that a single col o r i

al'ong the movi ng. A1 rAgis anPi” dilsh ReigichHZ orleSydrll O fhalih B Spment
magneti c poIceH¢ctinge:apaccuss k\émthzrdeueﬁes calretocdllvetimpuipagitydiané A ctmo‘@ﬁ a
the vehicle, ped f current ppl .
tovi oo rmy  BarEul fifete plegnd-cunt di DoapRia it du saare or"YEP dhat s,
V/ -type curu%ntp§ugﬁw%d3aﬁm%&@ay have a structure simlar to a
structure of ‘the U-type current supply device in which current supply
cores aré di sposefhd @utsat calechng Hpltage nagich aeijparsagst using 2 ﬁ@cﬁ@wﬁ@arameters
direction o efi.c g s op o

magnet i ¢ poFgggg1%ep%r%§§m€g§@§%ﬁ@(%¥a§§ g?t angKglgﬁ?ﬁdﬁ$éﬁ¥f%ﬁ0S“
vertical to Helne tinoparageteisriedtidof daiotinga reehnbot feaqubﬁcypf aenated d fleedcurrent,
"W -shaped f rn1 the current suppl ce.m e e Wtype
current supp{ifcaRifigdeinding numbes pf %8?&81% @Prig r%g%év %T%Wpalyséwﬁéév 2
of the core déﬁétﬂl%t%%dﬁ%rﬁdn%elﬂbf AReil ook @%cﬁﬂgaﬂy@m&\’lf‘edcufr{eﬁf'&&l@@non device),
| -type, U-type, and Wtype current supply device.

type of 20he gau dmmlgw@lptaycejbmn itee derent wipEd  desicgapd Hh@eumérpoaectmn

current sup nt co | ection, device e

ond 3 my Bevichols SoRRE a3t ALonfin MR 8 GES (Rl Pl o 2o
under gr ound be@vedn afagREe od&r fn ancaed otfhﬁe 1I0ysQre mysnbg aaburBsit supply and
identical to the ground. Accordingly, a gap between_the ground and

the current ceBgqtieBGoss SHECEe fﬁwxmﬂﬁn&m -tyRe.ofher WriyBh @allitya@ and the
5421, a gapj d n h u I
devi ce may beﬁgﬁg %é ﬁ%ggggﬂbua§ge§%§%a gh@gggﬁ?ﬁ gggrégﬁﬁiguégpf%d
devi ce and tchBeationrcerst fcu‘(rlthptel, openesabdey ahda gi@qténcylcharactensta. ¢ ds enayfbe
the U-type current totBe}zol{jewce he Wtype current supply

proportiona owing equation.
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Another object of the optimal design may correspond to maximizing a current

collecting efficiency. The efficiency E may satisfy the following equation.



15 device, or the inproved type current supply device of each of the
U-type current supply device and the Wtype current supply device, a
wdth W(see FIG 2) of a core, for exanple, a magnetic pole vertica
to the noving direction of the vehicle, in particular, with respect
to aleft and right direction while viewfg the road ahead may be
determned in operation S411. In a case of the |I-type current supply
device or the 20 inproved type current supply device of the I-type
cun-ent supply device, a gap L (See FIG 3) between |-type cored, for

exanpl e, magnetic RRLESiorGithaPeeer i N Serd@enttARetitdtp ingp R v’
mran|m1MEF%fvagvﬁgﬂgggﬁﬁyﬁmﬁ@mht ; 2§7:FR:=RFR
When the gap betWEEHPYIRE Y USUPPI y “HEA CEPRME P HE XY r emt L s

collection device is determned, a value required with respect to a
magni t ude of a magnetic field 75 occurring in the current supply ,
devi ce may be i npﬁtﬂm Fhdenetis i rgat orlectng ealgnacs & fenotes anayrepesupply line
determ ned nea u - 4 ed .f dri vl

vehi cl e, anq§$$%%%e£E3U%§Rp§&£§f#ﬁ%ﬁgﬂ¥%g¥%ﬁsﬁéﬁa%e%%%hé %%@%g%?ﬁﬂummy
suppl y devi dendiod, 4 hee leugthentd calndedtvityih devi ce, and the like. In
operation 5412 or_5422, .an unt of r to he supplied to the .
current supply delfl EiSRE HabesrarhnedY BRuss BRIRRE ey R Peirogagional
30 between theneCidllbRiMe KRy device and the current collection

device, and the value required with respect to the magnitude of the
magnetic field. For exanple, wi¥n a vaoltage |evel s determ ned, a

| evel of current @bmb§¥§E¢bLLﬁ ; VCbéLdégépﬁUﬁégr—zfﬁ: I n
operation S413 or S423, a net hod; of di sposing eIee@%ic cabl es for
supplying power to the current supply device may be determ ned. For
exanmpl e, a di amet Bér &@faniphe nelieginingts, £ &bbegrcater thanbeeqef td hEceltiattdrs cm)
cables, and the |ike may be determ ned In_the design nethod according
to the dRi ofdd) ke BESFGH fHcordpe @bsceitedndBBv foy fcaseofplaigstsigsd vehicle
bet ween FRs and,DP$,,&mBy; Mg gecoupl ed or uncoupl ed and thus, a current
supply device fof an OLEV nmay be designed readil¥. .

Herei nafter, an oftFvlof fBtseyTBe FAE inay 1egd 4n berlesy thaay 3 pesdeterpined Halue.
desi gn nethad pesRuMALNgvHed tthe twkonet ithe dosd@iing NBMEY Wrtdspdifls to Lews
descri bed. FIG5is a flowhart illustrating a nethod for

an optimal design of uriVent nsyppl,y anqbcol ctN.pn devi ce.

An obj ect of LnterO%l(ifa uﬂis’ '»éfﬁig&é@rg@s %ﬁAj E’i@mg&mg dmay  be
current collecting capacity;Wen P, denotes a curréent collecting
capacity, and V, denotes a current collecting voltage, P, na¥ be
propor t i1nalcopplatete Jguaiseinstanse, magn domP: @ Willigrss GrG) (passive, LC
conpl et ed. 1Sbhentcdilt@ie a@Blel s@fAdiRg) M} hRE%0 FBYatRE XU 9SSR nHSEIEhiR.
function of paranmeters related to the current collecting voltage, as
V, = F(f" , N, NRefegang to, K, > ShQ@peratiend S0l hetypaod meoey griichee atithe current
denoting a resgnant, frequency,. h.denotin ed current 1.denotin

2 windi ng noRBAY BF SOUREIT aFvis® o ety AGeTiEn Ptib ey ol y Totoine
device), Ar)frddeandy] Adesd otrRdi NGusllRaTth of aaugeht supplycanslewivetasnycost,dad a
(the current collection device), 90 gab denoting a distance between
the cur P8nt VEOBHEYIVHRRET O& aaptrenh SolertipB MOilcBRY SENHK d&ls éwe efpthe current
denoting a wi : JAVERY: ~ tlan r f .

exanpl 6. a oa D eleTubHe Rl EHOR K 1A STLLIE LIMPRY i b improved by
denoti ng a aupargéatmedifipdtionaniceaclo bf et I-gpe.ctbe &J-stpeuatduthe, Witgpe. eXlduepl e of

: ' 18 describ | 1 ce [ . 2 through 4.

Gonot g’ s 17 1ot Wiy SE vt eRetb el Sugr R T 2

95col I ection corepy Bﬁérat%ﬁﬁﬂ%@ﬁh@dé&%ﬂ?%ﬂnleieﬂfn etftb QAUBRGY value. The
a

characteristic. 1/0 may be proportional to the foll ow ng equation. v
oc frt, 22 \Wesign parameter may include various parameters in addition to the aforementioned

parameters. In operation S503, a minimum current collecting capacity value required
by the current collection device, hereinafter referred to as "the current collecting

capacity reference value," and a maximum EMF value allowed to occur in the current



cN1l gair Anot her object of the optinmal design may correspond
to maximzing a current collecting efficiency The efficiency E may
satisfy the follow ng equation 18 vs2 E =Regul at or Qut put Power =
Cun-ent Col | ecti ngCapacity = P. = Current Suppl yl nverterl nput Power
Current Suppl yLi neCapacity PsR, R R 19 Here, Re denotes a cumn
collecting resistance, R denotes a current supply line resistance (a
current supply line valid cross-sectional area, a resonant frequency

5function, aupplnend evigdckion dedcd heesthfet irafetryd to as "the EMF ®@eségRivathedinay
the current supply device, the distance gal may be perortionaI to
t he fol | ow rli’ﬁ 1ﬁﬁﬂat ?Bq]l_npgf:(qlpe, mawfgq’y{y;esva pdq g giinimum distance vgtgg between the

exanpl e, maintainLAg 9efite b BE BEERAIBedA A equal to 12
C 1 y

centineters e necessary for a ease of a sedan, and 20 cm
for a case of a |brgersgtiael5Wehi clreens goheding @phuty anda tiéwel loif la@. occurring

Al | of Ur,r i VE d to be | ess than.a predeterm ned.

Dal aec 18 P G AN Y pdESEn bRt Chne e g el

to Leinfl Lefknecurkdnt cdlld¥BnScapacdiahd t1RCIeVE] ofliBE BCNM%T_EMFmay be reé))eated
i

15conpleted. In this instance, maxi mumLes- < 62.5 mlTigauss (in
(passi ve, L@hilssditng dis feed ppaentaietiovad thiset| desigy parmyeteresieen; e lselculated

satisfied atcuf’%erpcrc%ﬂ%t%%@aﬂ?c?tygg ie@g than the current collecting capacity reference value or

when the calculated level of the occurring EMF is greater than the EMF reference value,

10  hereinafter referred to as "fails to satisfy a design condition." The adjusted design
parameter may further include a winding number of the current collection coil.

In operation S505, whether a feed current value enabling the calculated current
collecting capacity to be greater than or equal to the current collecting capacity
reference value and the level of the occurring EMF to be less than or equal to the EMF

15  reference value, hereinafter referred to as "to satisfy the design condition," is present
may be determined. In this instance, whether a winding number of the current
collection coil satisfying the design condition is present may also be determined, in
operation S505. In addition, although not shown in the flowchart of FIG. 5, the
determination as to whether the design condition is satisfied may further include a

20  determination as to whether a distance between the current supply device and the
current collection device is greater than or equal to a predetermined minimum distance.
The further determination may be applied identically for determining whether all of the
following design conditions are satisfied. The minimum distance may be set to 12 cm
for a case of a sedan, and set to 20 cm for a case of a large-sized vehicle such as a bus,

25  and the like.

In operation 570, when such values are present, the feed current value, the
winding number of the current collection coil, and another design parameter currently
being set may be determined to be a final design parameter with respect to the core
structure type. In addition, before the determining is performed, when the resonant

30 frequency value currently being set, among the design parameters, is less than a
maximum resonant frequency, hereinafter referred to as "the upper limit resonant

frequency" within an allowable range in operation S506, the upper limit resonant



Referring to FIG 5, in operation 5501, a type of a core structure of
the current supply and collection device to determ ne a design
paraneter including a resonant frequency, a feed current value, a

wi dth of a current supply and collection core, and a 20 w ndi ng

nunber of a current collection coil may ke input. The type of the
current supply core structure may include an I-type, a U-type, a
Wtype, and a type inproved by a partial nodification of each of the

| -type, the fldqtgtpe,sadsfgingttbe Wedigtpeondition mypbe obtatiee byurpertihg $h£p¢3i1(yulat1ng
core structure is described above w referen etoF

4. I'n oper at’f 8if g5t C?liréﬂa%gﬂgaﬁlt;sapéﬁﬁ levelpdy %@C%ﬁlnﬁ%wm el?%?asmg
val ue. The 2R Q&8N BRABE,fhe MBIzl AhMER: YRR Fo@&%?ﬁ?aﬁ%hé tbper limit
addition to the aforenentioned paraneters I n operation S50 a

m ni mum cur I@Qnalﬁcﬂrdqecttqyngl mwﬁmnt&ﬁl(),amﬂethc @qpnrrlemt bgsondng mqummthe feed
col | ectign devi her.ei naft er r curr.ent n
capaci ty r et SrEE e B S AT e el fiof ol 5 GBEL M
in the curreatameld® @uRRIY baingd s@@iﬂa?(btel DferfRVddCR, b @k eim@litasn Hefeietedin
to as "the EMF reference val ue"” nmay be input. The input val ue may
further inclogeétign #@-num di st ance val ue between the current supply
device and the Cuﬁﬂl%ﬁtthé??éeh %ﬁﬁlaﬁ%ﬂf‘e eth? %uﬂﬁ%%ﬂ&'b@ﬁofst%g%mgn collection
current collecting capaclt an otcurring may be
cal cul at ed hoﬂnmaﬂym@ngach&ganmhémonunmeabﬁmtbenp@aﬁ@issaﬁdhehadﬂ1ofthe
calculatlng of the urr callectin aC|t and th of the
occurrin l%l“ﬁ’ﬁ;?u %@%J%eéaowrﬁén diiedg‘ffie?ﬁﬁ B %‘bg”%’{?;{’feeﬁ{lg%al ue
of the set desi gnnp@fe%ﬁet\xﬁathmeme Tcﬁ'@e&%h?;}l&%h@@oﬁ&fﬁ%ﬁ%ré”qls h@&t ihRGhghout
capacity is less than the current collec capacity reference value
or when t he tlafiwwinagsed Hoaxexkr, dierditpdten cibarwidiigoENR ¢wreayt sapiy anlﬁamllpcﬁem
EMF reference_val ue ere| r fails to Sa

desi gn conditi%on™> re‘TFfﬁ ° ad" if t\xﬁse efllhg (%}r%)rrr%?\zrrexam ll ntlar%lr 1¥ ngcal
a w ndi ng nusrbefoviig dﬂ‘kﬁ:tl@hl of enthicle) 1|11€;Q'E‘tidmﬂherOiﬂ|1 respect to a léft ﬁﬁﬁﬁ@:ﬁ id@Bction
S505, whether .a feed current value enabling the cal cul ated current

col | ectilhg CAPACiEyingdhoEoagradatbrin thiafrse ol SubyROoYFR! suprlyApvice, the W-
col l ecti ng it SBHEI RAGR, HAhUEnGRded B baYal Alpll BEOCEHLLD Bihe U-
EMF to be Iggg an O?E§2uaﬁ%i ﬁ né%%ﬁ ?@ r§¥er3ﬁ%?§ ' : ©
her ei naf t er typef @nrreat smplﬁsievmo asétthes W tsipeecudesi glppbOddnd;a oril:hb wslth of the
present may be gete

b “the. cun: SHETGIPRR, FoncolFHor bre ol FICE et da LormeEdig o] Bweeh Livpe

present may cate§Ofob ex44eile) rlﬁh%i@dc bRs,aR&Nadd ﬁ%eﬁé@zﬁoné theaféliihg @Mection of the
al t hough not shown in the flowhart of FIG 5, the determ nation as

to whet Rer tRkickelsi Ga wenaf theohtips waenssunely Aeyics ar thieimpravsdutype gurrent
20 determn c tween the current supply
device and t 28?58% ?Rigﬁﬁﬁﬁéﬁ églgggreater than or equal to

a predeterm ned ninnipanmum sinmanperatidi S 508y ttllimrcakdelaengn afatheoturnay dodecting
applied identically_ for d rmnin of the follow.n )
desi gn condictPHE aéﬁi éheslﬁ‘(‘? Fbé’cPCC"F%é‘%PFﬁﬁ% iTERSRHfdaV it nﬁ@a§%§thFdV1dth
12 cmfor a.¢age Bfef sﬁ%ﬁ@nan@@@l&:ﬁbn tc%r@%n@@dﬁt%‘hn@ tR@$€dOkurfent value, the
| ar ge-si zed vehicle such as a bus, 25and | n operation
570, wheh su’@hdmalnue@eaﬁ%cm%ﬁ @ﬁlﬂectlph@ox‘le@ml tbg d&entmnwemdtdhef the current
w ndi ng nume a C Clr glecnte G {fi (gC{[ll QV C I&fe 1 I(I)lt I’Iler %gl current
par amet er curI?Pé%t P B%? g s&tS ey b & S n% f Vg Mipsy ot i g
par anmet er chhed’c@ﬁlé@ﬂtanfthé HEe §0is8/iSd thd Qe 5@ cdnideon 4rd padelittih @Peration S509,
before the deternlnlng erforned, when the resonant 30 frequency
val ue curr eRPFiptipRiSTH0 404y, bapsHermade dlosTeyrt Fdieartbe ardth ofsthe cymerthamply
a Maxi mum T e3eRgiilebh ROHCHEY o GERNDFILENNE 6L REL LG 3P thd BfreHPRfection
limt resonant frequency” Within an a ge I n operation

S506, the uppgr abd mhd likesomdnng tHO cfeslgqu@ndmosaare sbydnngn tdperatieai 109, the

process of designing the current supply and collection device may be terminated.

When the width of the current supply and collection core, the feed current value,



When the feed current value and the w ndi ng nunber of the current
collection coil satisfying the design condition area absent in
operation S505, the width of the 10cun-ent supply and collection core
may be increased within an all owabl e range. The term "w dt h of
the current supply and collection core" i;s used throughout the

drawi ngs. However, hereinafter, the width of the current supply and
collection core nmay refer to a wwdth W(see FIG 2) of a core, for
exanpl e, a tegneidite pohbervel thecalrehic@llastv rEildarndetic e efisfyingethecdesign
in particular, with respect to a left and riqht,direction 15 whil e

vi ewi ng t he SPHBORMERRseRtN ORerabe &G ap HBPYihEPseranf dRgucghpatiptying the
devi ce, the W S 3 i :Qf, | :
curent supSl Y CHeu S Fel bR BRI PGl PACRCSHe CHRth sollecine
t he V/ -t ype cepasitgand shedpiel of éha @enrrifigeEMF drthleahcrebmng e mresonaufpgojugney of

and collection,core may refer.to a L ((See FI G 3). bet ween I-type .
corea. 1o RnasR o Rt P F oB et IPrkbEh e b il i BRG rgtBy in
novi ng di r egpbafio®851 NewR&Y e hésohnti frequbeyCodge 0lirrd iy Peily B& i6 Uésk @Rdn the
supply device or _the inproved type current supply device of the

1-type cur r @aperslijpis|rgsogant Fequency within gn glewitde rage inrppepéipratSOoh, and the
S508, the c¢ | af i rre I i I o
Covel of t naPhtcHhi s tant BeqGitch o B2 GREAT PulbE BRI M, 8 Soregpipe
of the cun- eptraserppthe windimpohunsted iod nhe ouresnt @oidecaidy wsilj thg wideh dfetdd current
current value, the %ﬁawﬁnding n qber of current collection coil an%
the |ikd? WARPIS 20 geiechpn e et ferRher dssigp pawamlen pstRnily hepgrsst mgy be
feed currentiepahiied (@R fﬁ‘{hf@és{%gﬂ JaEmReE: iRbpthgosgsdent collection

coil, and the like satisfying the design condition are present in
operation S509, opler dedigm p83B6s My be cpefifwedrdd. beHpevkwrered avtematidally and

val ue, "t he SPGB arRSr PR R R P Rt rhAT oBE S bipueure
| i ke sati sf yypegatdigp@tesiign condition are absent in operation S509,

the process of designing the current supply and collection device my
be ternilhated. WhER IR Hearary vARe aumrasd 12 bpgripraingd éobe aveiugmpreater

core, the feed aQHgﬁféﬁ%rhéé.@#ﬂ?iEgre g%ﬁcgk}au@a' ﬂaﬁ}hpg&logeié{%q{noﬂ&é% {@gz.urrent

col l ection coil fying t sign con are
present in oper atFleh6350%jagam ulysentihg adevice §0h &mtdefigeiggenayrent supply and

tisfyi th i di ti,ol btained b ti th
cal cul at i ng OFTRE SEUIPT BB PEctY Y EaBREP TS WRE § RECEyaosHiop fbeme.
occurring EMF whiRgfeite €ASHI0Y 6, he de8sangibeds @&H@I‘l‘é&% @hit5610 hBay control

design paraneter within a range |ower than the upper Timt resonant
frequengy i nalspleting phhcgsmy coltsting sapasEy Al 1efvleb@;ff}ae1r@1yIF\p&wrémg to a change

currently b set . | . t imt re

wthin an ant suiersdhyERfe 28T 5pRsP REut e £ AR e ARG on o
resonant fr eguinifithe tchleulageg bgwoneolling aheiéoltbeting rienedts, in dider to design the
f oregoi ng operati ons, e w ndi ng nunber. of the current collectiaon

1
coi |, the wiHERisHPRIFand spHeqton f5¥ich srYsTHRE 2cTPeRctoligHngFaRacI G d hisvel

ot her desi gnrRRERIELAhinCASEeR hYnkElAge Set may be determned to be
the final design paraneter in operation S507. The design

process 2my be coAféuemedotliecting grpatityr weldulatingmaiti 620 Inyayapalculate a current
EAIRIER I RS N E RN KT e g
val ue may neefleftoabe, deti@hrornesirent Pps andl db8e@oBadord, and a winding number of
a current collection coil.
An EMF level calculating unit 630 may calculate a level of an occurring EMF
30  from the design parameter.
A distance calculating unit 640 may calculate a distance between the current

supply device and the current collection device from the design parameter.



t han a maxi mum audi bl e frequency val ue, for exanple, 20 kilohertz

(kHz) . FIG 6 is a diagramillustrating a device 600 for
designing a current supply and collection device for supplying and
col l ecting power using a nagnetic induction schene. Ref erri ng

to FIG 6, a design process controlling ynit 610 may control
calculating of a current collecting capacity and a | evel of an EMF
according to a change in each design paraneter, and a process of
determ ni ng a deshgisigampariictdsr daasest 690 aylsesetie dikighhareadtauinatd Waiable
by controlling the follow ng elenents, in order to design the current
suppl y and céotgeadtucon redssied neeaiedslyi ng a current collecting capacity
and a level of an Y [ r gy : r

col l ecting Capaciégwggﬁgﬁpégpﬁagﬁ%%§R§2g%ﬁg§u%%ﬁ%&pgﬁgﬁgﬁgS%§§%pmwnd@;
col | ecti ng dapeaiable hngmvaudeSthgdepan paremeter,iand lauidsigy candiesorederence value
frequency, a feed current val ue, wi.dth of. a current, supply, a

col 1ot | S Q8GN A el SR d IS e o RISt cr BRI P EAHE B3 and o
An EMF | evelregipbied Indihinfien WktincB 3Q1USBEt& 8dnClhk alufredt §u§}6§l d&icePdhd the current
occurring EMF 30from the design paraneter. i stance

cal cul at i ng cah¢atiogdovigay cal cul ate a di stance between the current
supply device and,the. current cqll ect] devi ce.from.t.he i.gn .
caranater 7 A S B A LB SR S DB TR desien
desi gn par apedess, ahd dutwy afidladihg datngealcviatddedafing hige des g proasaniikedesign

An input unit gao may receive, froma user, an input of the design
paramet é°, tRBIGER i GETECPayges valué BFSEh@ e Gn PYF dReberdciegnicd:  As
desi gn condigei el %stre?mﬁ@dytaldaguﬁtédng& fig &s@@%&&@%&%&ﬁ@é a current
coll ecting capacity, a requested level of the EMF, and a equeste&
m ni mum di stcalewing adapacityetaledated by a owrentdesigp playantkteri e dewahdftdneoccurring

current coll i on devi.ce desi gn page oviding upit 670 ma
i splay & vaMECH R EE s purent 4B gh FaPREos oPladee brei¥eh e g Sobly
data cal cul aegide diid tHeGullet cgREEh R va%eaouldiELHRSsicditedtQlesi@n Patanfer, and
reference value, and a design paraneter value to be determned. As
descri bdd ats/kke.t he data cal cul at ed during the design process nay
include a current collecting capacity cal culated by a current design
paraneter, a level of an occurring EMF cal cul ated by the current
design paraneter, a distance between the current supply device and

the current collection device cal culated by the current design
paranmeter, and 15the like. 73 CLAIMS 1.A nethod of designing a
current supply device for supplying power wrelessly



to a vehicle including a current collection device, the nmethod

conpri sing operations of: (a) receiving an input of a gap
bet ween the current supply device and the 5current collection device;
(b) determining either a width of a current supply and collection

core or a gap between two adj acent nagnegic pol es of the current
supply device, based on the gap between the current supply device and
the current collection device; (c) receiving an input of
a value required for a magnitude of a mrgmdsi c field 10occurring in
the current supply device; and. (d) determ ning an anmount of
pover to be lsuppl Adrethed phdesigingncusery srpplydeyice foaaplyingrposyer rarelessly
the wi dth of CLr: . lecit.] . s
bet ween ¢ he § tocad anany g dE R @0 Fh Sk} e fRIHBA Rombl1nRBeratons of
determ ned i n the(appecaatingran(impyt ahd gdpebatatere the quirers dsupply ddvéce and the
magni t ude of the netic field. 15 2. The nmethod of claim1, wherein

t he operéti8H§mﬁdgﬁ%§Pné@W$?ise: (dl) deternining a nethod of

di sposi ng an el ecty)idetep@ltify sithePd widtof PEursPRIMINInd BSIRAVE bofeQrtdap
current supply device after the operation (d) is performed. 203. The
met hod of clbaiwaeh, twatvsadent magnatigercdesi @nidefayrmentesuppbnpeviese based on the gap
recei ving af LAkt Of,. A0 QLLANGSIRNL ) did Sl oD RERgRELL ¢ pol es of

t he current suppPy devi e Berore tHe operéﬁlon %é? I sTperforned.

4. The method of @)atd¥idng wheimit of khalrrequigan®ita Hhde@té on aGhadnbee field
magneti c 95pol es of the cuirent supply device indicates that at | east
two nmagrét i OCHBIias bie SHECRSURPYdPWES:i®A parallel to a nmoving
direction of the [ - [ j r -
met hod of claim 3(,@%%%@% @I’S‘?@%hggﬁgﬁbﬁpf g@??g?ﬁ g% C%l gntrraalr)]%?? che’
pol es of thdasdranenthesoiht yidibwif e dundnicapply andabllectiphwoad arttlye gdp between

magnetic poles . is arranged 30.n series along a noving direction qf.
the vehi cl e W8 SR RIBHIEOLE ot ilE, CHRGE ol WEPhAC e Katorghed in the
further conppe®Bon (b), and the value required for the magnitude of the magnetic field.

15
2. The method of claim 1, wherein the operations further comprise:
(d1) determining a method of disposing an electric cable to be used for
supplying the power to the current supply device after the operation (d) is performed.
20 3. The method of claim 1, wherein the operations further comprise:

receiving an input of an arrangement direction of magnetic poles of the current

supply device before the operation (a) is performed.

4. The method of claim 3, wherein the arrangement direction of the magnetic
25  poles of the current supply device indicates that at least two magnetic poles extend in a

direction parallel to a moving direction of the vehicle and are aligned with each other.
5. The method of claim 3, wherein the arrangement direction of the magnetic
poles of the current supply device indicates that a plurality of magnetic poles is arranged

30  in series along a moving direction of the vehicle.

6. The method of claim 1, wherein the operations further comprise:



94 (d2) determ ning an active or passive shielding schene

Wi th respect to an el ectromagnetic field (EMF) occurring in the
current supply device and the current collection device after the
operation (d) is perforned. 57.The nmethod of claim 1, wherein the
operations further conprise: (d3), determi ning an ON and OFF
state of a switch of the current supply deV|ce after the operation

(d) is perforned. 8. The nethod of claim1, wherein the operations
further conpri se: (d2p(dddymieienm duting dr assise©nRBieRlitid clouie @nth respect to an
col l ection device attached to the vehicle at a frequency of an

al t er nat i ng ckGHPBABIHEGHAE i(EME) dguBrELy thscurient Aepndy) dewise aag gpe ywurrent

device after, ?&%oﬁ@@%@éb@&tﬁ@ﬁﬁkﬁuﬁﬂﬁ gﬁgﬁgupp' A met hod of designing

a current co? ection device and a curtre y devi ce 15for
suppl yi ng pomer wirelessly to a vehicle including a current

col l ecti evi ce_ b r n netic field, the nethod

conpri si Ag gperat?% g@PSO?daHgl WE%? ndhg PRFYIONS FWLhS SOMBI et er to

an initial val ue, dsheetd@shbi MAORMRHIFICRIR IS sREtch of BfoRRRht supply device
frequency, a feed current value, a width of a current supply and

col l ection @3@§heahﬁﬁﬁmmﬂhéﬁM@ﬂﬁmﬁ%er of a current collection coi
90(b) receiving an input of a mninmumcurrent collecting capaC|ty

val ue required by the current collection device, hereinafter referred
to as "the @urrenThemkihedbi tgine apatértyn thebpsraige fndliadeprpased a
HHX|nun1eIectrona@Fe2{c field (EMF) value allowed to occut in the

current Bupply de e&ﬁ@“?ﬁ%t%dﬁ? te &y et ?@@VFbée“ﬁ%F@Pﬂﬁﬁt@rﬂw

referred toagicietfi& %eﬁ@f & ﬁ{‘é?l?en\(ﬁln%eéﬁrreg%ﬁén&l%lffe% BtduRn Of‘m%@ lBRknt
col l ecting capacity and a’l evel an-occurring EM- froma design

par anet er c@uméﬁﬂvaQE&ﬂgh%QaqaﬁonOﬂlspeﬁbmnmbpeat|ng the cal cul ating
of the current collecting capacity and the |evel of the occurring EMF
whil e adjusting the feed current val ue of the set design paraneter

when the calcul at gdn&Héd eNYeseidLE tléht GBRE&Ioh el fela8 % duh@ﬁt $upply device
current collectln 30 capacity reference value or when the

cal cul atléd fyv@irpbfing Rewetc vifelsHy tEpMrvehacly deeludipg tanghrenhsoligetion device by
reference V%E%&mmﬂfgﬁﬁgﬁ§§%kk{%&%5&%9a%&nﬁﬁa nd BpdiidR oFatisfy a

desi gn condition
(a) setting a design parameter to an initial value, the design parameter

comprising a resonant frequency, a feed current value, a width of a current supply and
collection core, and a winding number of a current collection coil;

20 (b) receiving an input of a minimum current collecting capacity value required
by the current collection device, hereinafter referred to as "the current collecting
capacity reference value," and a maximum electromagnetic field (EMF) value allowed
to occur in the current supply device and the current collection device, hereinafter
referred to as "the EMF reference value";

25 (c) calculating a current collecting capacity and a level of an occurring EMF
from a design parameter currently being set;

(d) repeating the calculating of the current collecting capacity and the level of
the occurring EMF while adjusting the feed current value of the set design parameter
when the calculated current collecting capacity is less than the current collecting

30  capacity reference value or when the calculated level of the occurring EMF is greater
than the EMF reference value, hereinafter referred to as "fails to satisfy a design

condition"; and



(e) detennining a feed current val ue and anot her design paraneter
currently being set, to be a final design paraneter when the feed
current value enabling the cal cul ated current collecting capacity to
be greater than or equal to the current collecting capacity reference
val ue and the level of the occurring EM-40 be I ess than or equal to
5the EMF reference value, hereinafter referred to as "to satisfy the
design condition," is present. 10. The nmethod of claim9, wherein,
when the feed cur(epdeteviainies sadted tyirdg vahe grisngnhe aldighi @iRarh&er currently
present in the operatronjéﬁ% the operations further conprise; before
a 10desi gn %arngn%fetp ey (dgsigrinsianaier Whenydhefser faldrent vijge tqnabling the

final design,RanaRh&Ent co lec‘u ng a:%?émtg)to 8P %?éa{& 'ﬂgin‘%lr i@%ﬁl e cﬁﬁ*@ﬁ%ﬁeotmg

frequency, hereinafter re err e upper r esonant
frequency,"caamHBEQEN@C¢h@udemigmleﬂm@fﬂunnmbymgéﬂéﬁnohgI@hehm101apmlm

cal cul ating o urrent collectin a .and .t veI 0 he , .
cocurr ng B T s aabfnaeRah e bRBARo Y ofieny Tor S ek i
paraneter Wphtdkdt. a range |lower than the 15upper limt resonant

frequency, when a resonant frequency value currently being set is
| ess than the upper I|n1t r esonant frequency wi thin an all owabl e

range; and THEHR oﬂe&e{ Qx‘]n{‘ P;‘ thie{]é%l o i b Q{I&?éltt Ja g the

det erm ned |n t he” opera 1 on d cirrent

oper ati on ( dpsigmachditive 1@tpk@éntdeshegopem1roarre)t e opdratiend fuythbreddihg)r'&e,tbefdré a
be the final, design paraneter. The n&thod of CL$iﬁ]9, '
wher ej n,10 méﬁ%mgarre@@r eerr%nélartber}@ %IS&&W;%W b the fgekigendsrmetson

i's absent in the(Qﬁﬁﬂﬁﬁ&ﬁ&gQﬁﬂmx&&ﬁn9&%ﬁﬁﬁwﬁﬂﬁmﬁﬁfB&@&aﬁ&ﬂ@&h&@toas%he
before a design paraneter currently being set is determned to be the

final desi gmppe.xr et eason%rézﬁéqwee%ehtsatr@ymgeth@ad&smnamndguuf byheepeating the
current coII and. t he eve curr .
Whi | o nor eS8t P IR G MRk M PRl Spf e shar B GleRe b e
or a gap beﬁﬂw@am@&ﬂ@ﬁasbmlpﬁleq&ncper eHenwebilpl af@iBi@ M ithif 8frelde@ewbi0th@Sthe
"the wwdth of the current supply and coIIectlon core," within an

al | onablle r #RPE lHRd resapustiTegeneys when a desoapt fegbersy Yadzogurreatlibgiegi sayis
a process Oﬁesg%hgf\%@%& R f}d&ﬁ?ttfrﬁglgﬁ%}ngﬁﬁ'aﬁ%ﬂ Golk ge3 geurrent

col l ecti on device rent supply an ectlon
core and a feed d@ﬂrbnh&ymhuegsﬂmlsﬁmumgnthﬁomeﬁlﬁaymnqﬁldm@nnmmbln the

absent, or proceedi wi.t h eratlon when t he dth

current supp P?aﬁﬂh(ggﬁ #@ Bt 3 etﬁ%ﬂFéBﬁﬂmﬁﬁl rF8%519éﬂ§E‘k$gn
sati sfying E)Bﬁnﬁ%?'c%elﬁmlﬁg QR t81b8 Y BEEAbsign %arameter (e23) obtaining
an upper limt resonant frequency satisfying the design condition by

repeati Ag t he cal cul ating of the current collecting capacity and the

level of thg, OCCUfﬁé i ot hing of DALARS Wk BE 65 AR JohRIUERYLlhe

t he desi gn parane
design condition is absent in the operation (e), the operations further comprise, before a

design parameter currently being set is determined to be the final design parameter:
(e21) repeating the calculating of the current collecting capacity and the level of
25  the occurring EMF while increasing the width of the current supply and collection core
or a gap between magnetic poles, hereinafter commonly referred to as "the width of the
current supply and collection core," within an allowable range and adjusting a feed
current value;
(e22) terminating a process of designing the current supply device and the
30  current collection device when a width of the current supply and collection core and a
feed current value satisfying the design condition are absent, or proceeding with

operation (e23) when the width of the current supply and collection core and the feed



5 within a range |lower than the upper Iimt resonant frequency, when

a resonant frequency value currently being set is |less than the upper
limt resonant frequency within an all owabl e range; and

(e24) determning the upper limt resonant frequency determ ned in

the operation (e23), the feed current valge of the operation (e22),
and the other design 10paraneter currently being set, to be the final
desi gn paraneter. 12. The nethod of claim9, wherein the design

par anet er adpusitedlversatidfeingpler ddsigarcoqdijion argpresses a wi ndi ng nunber of
the current collectjon coil, and the design paraneter determ ned to .
be the final desiékg)pé’lbm%léraq PP IGHrE GG ?f@ﬂu%%pﬁqt@égn% the  esign
wi ndi ng 15nUBRGFioRby tdpRattl theRhicERtih€6F tREufeht colledithg chB&ifBAGHe Rvel of
claim9, wherein the resonant frequency value s detenn ned’to be a

val ue great d¢he péraurizg P mimheadodietring flreerpsenray feghensy @0hd dEkign rpatdmaader

of one of clal'}msgto ermn o _whet her
desi gn cdndi'f

hiny a ra; 136 t\{\lhlelilei Do lideére a fﬁ;:eo% a3 f sopant éeh%enc
he Tes LT E A og SRR 1 SEE a1 T RICRE> WHSP AdFseR quency

di stance betvarencuiRetl¢ Welrgniet SHREs thee he @pgérdiihiieresdhane fleqedlcl 86itHiR Mn

device is greater than or equal to a predeterm ned m ni mum di st ance.

9515. A met haHowrblgediggm™g a current supply device for supplying

power w rel essly iele ipcluyding: a.c ti ey C:

by generating a eg??:td:ége #@é’?%,tﬂ% h%%ﬁgtg H@é %(E)(Knr%?f sf?e%gérgc er('i g@?%ﬁéa olﬁ : the
(a) receivi pgeanon g, ofc et eneest vahed of ¢hd yperatidn (d2@),candr it otberpgdsign

device and the current collectiaon device to.determ ne a design
par amet eP i BT gugept s@ﬁ%ieté@%’?gﬁé‘%)‘}?ﬁ@?a&@ae@ﬁrrent val ue, a

wi dth of a current supply and collection core, and a w ndi ng nunber
of a cuiTent collection coil; (b) setting the design _
par armet er t d2an i Rig mgthodif gksim 9 wherein the degigh peesewsiteri adipsted ih mlpruepepdtion

a mnimum cugyr >t 1.0 Ci i.red. b he. current
col | ection g@v&%@rﬁ%eé g’?éldé? reu(rfnalfr,’)ef()efﬁtpr{eeéég{e?gél?e%t{'}lzlne %lh rarXcé&] © %egﬁné)@fai%%er
capaci ty refdeteanined talbuehé fianiddaigmeyiriiiaiee ire tHer (prR@ioat(eC cdrhglisds @[ WiHing
value allowed to occur in the current supply device and the current

col | ectildn @EH E’é?ft]r’i%i;‘é?‘?ﬂléf:‘t’li‘?mg?é@érred to as "the EMF reference

val ue"; (d) calculating a current collecting capacity val ue
and a level of an occurring [ME froma design paraneter currently

bei ng set; 13. The wpthod péatdimd, tieraativutestriany frefuenbe velue ieddtermined to

|l ecti it d the level of ft i ng EMF whi |
2l ust i ng t RE ARG EY Rt s BT Y v i SBACH M Ghepar amot er

20 14, The method of one of claims 9 to 13, wherein a determination as to whether the
design condition is satisfied comprises determining whether a distance between the
current supply device and the current collection device is greater than or equal to a

predetermined minimum distance.

25 15. A method of designing a current supply device for supplying power wirelessly
to a vehicle including a current collection device by generating a magnetic field, the
method comprising operations of:

(a) receiving an input of a core structure type of the current supply device and
the current collection device to determine a design parameter including a resonant

30  frequency, a feed current value, a width of a current supply and collection core, and a
winding number of a current collection coil;

(b) setting the design parameter to an initial value;



10 when the calculated current collecting capacity is less than the
current collecting capacity reference val ue or when the cal cul ated

| evel of the occurring EMF is greater than the EMF reference val ue,
hereinafter referred to as "fails to satisfy a design condition"; and
(0 determning a feed current val ue and @another design paraneter
currently 15 being set, to be a final design paraneter with respect
to the core structure type, when the feed current val ue enabling the
cal cul at ed curr enfc) caklvagt amgpoapie ntiyintum bergnt eall@ting keapacity vatyeatquited
the current collectin ca acity referenc valfgﬁgnd the | evel of Ehe
occurring ERE 1§ BErepESe g ViSRGt HE Pefer BRceiesf (fellecting
herei nafter cbef8¢ redrdne @§lue t‘ Ané %tlhéilﬁﬁuﬁpﬁe&ﬁﬁﬁ@‘ﬂe&@ﬁgﬁt(E@/ﬂ?) Va'life allowed
present. 70 16. The nethod of claim 15, wherein, Wwhen at | east

core structte @C@ypl@sthar@rlenpaupplyl demige capérta@|qurte(1fa§cqlletch@1 dp*eucat hezmsafter

(b) through e n d.sequentially with respect to each core
structurg y 8&&g@f§ éﬁﬂg?ﬁ% ng? %P%rn115 wher ei n, when the feed
current val ue sat(dsfeylicigtihhe @eshgeoleofst tdpBity SalRe @a@ntleld dfh@ occurring
operation (0, the operations further conprise, before a design
par anet er CEME:FFP}TW‘ﬁ@igﬁ’g?%fé’@et?lsc”él@ﬂ@}’h?lﬁééetto be the final design
par anet er: [

é@é@ea %tsﬁwt aﬂ:gla?lng% tﬂ@“‘&%ﬁe%? 95‘1%‘%1{1& fc%%'ﬂﬁg%%{gll :cb,e level of

her ei nafter referg [Tmt resonan requ
sati sfying ttl’meocabamxmethhﬂe adyuhtyng thpdatd agretrﬂﬂeraluB@fctm smlcmiigﬂg)amﬁneter

the current coll ctl aC|t the level of th rr|n

whi | e inéredSiH tﬁ? h@ &H’Efe‘%/tr %‘3%&9‘&% Capaciyels 4less 1 "gf collecting
withinar a@aﬁach?\i\@frerehb@nalhb Qr WARAMhé CAlthlafe@IONARE tid @&uﬁﬁrgymm Moréhter
resonant frequency value currently being set is 28 Iess t han t

upper |imt thaasdwalME redepgeerc yalugt herainaheratdfevesb e as difls; toasﬁﬂlsfy a design
(fl1 2) deterqﬁ h&. &Q maxi mum r esonant frequency determned in the
operation (F (¥ eed current value of the operation (0, and the
ot her design par a@ﬂaﬁelknﬁmirfgeﬁltfbe}d beirdrg \abie, alidOalhﬁhdth:sfghrgﬁiralﬂasﬂ girrently
par aneter . g 18. The net hod of claim 15, wherein, when the feed

current 1val Geingaet K85 hgnaliissige spgretss Naibrect © t%%ﬁﬁtm%ur@ﬁ@e when the
operation (fed LBRNCRELALIBNS: ftﬁér {N&AatEP PR AP %olbé?ﬁtl% anﬁltg@'&bggreater than
paranmeter currently being set é%ternlned to e T1nal deSign

par anet er: or equal to the current collectmg capacity reference value and the level of the occurring

EMF to be less than or equal to the EMF reference value, hereinafter referred to as "to

satisfy the design condition," is present.

20
16. The method of claim 15, wherein, when at least two core structure types are
input in the operation (a), the operations (b) through (f) are performed sequentially with
respect to each core structure type.

25 17. The method of claim 15, wherein, when the feed current value satisfying the

design condition is present in the operation (f), the operations further comprise, before a
design parameter currently being set is determined to be the final design parameter:

(f11) obtaining a maximum resonant frequency, hereinafter referred to as "the

upper limit resonant frequency,” satisfying the design condition by repeating the

30  calculating of the current collecting capacity and the level of the occurring EMF while

increasing the resonant frequency of the design parameter within a range lower than the

upper limit resonant frequency, when a resonant frequency value currently being set is



(121) repeating the calculating of the current collecting capacity
and the level of to the occurring EMF while increasing the width of
the current supply and collection core or a gap between nagnetic

pol es, hereinafter comonly referred to as "the width of the current
supply and coll ection core,” within an abd owabl e range and adjusting
a feed current value; (122) termnating a process of designing the
current supply device when a width 15 of the current supply and

col | ecti on dessehaartie apﬁee @ichitresorant fracaleney W'ahmsah)aillnqalblb eangesa'ugln
condition are abs roc eding with op e6§t|on when 1

width of the cur ré?é> %B’WH% IE%?PWEEH@M&E RAUSACY cééﬁ rfl%@éﬂdnéleﬁ mﬁ%tlon

val ue sati sfyiingmkheedest-9n: ¢andidf @e é}fe?ati%e@f?n&nd (%Z%epfakﬁg@'ﬁagaﬁ&er
upper limt reSonant frequency satisfying the design 20 condrtion
repeat i ng t lverreatlchding sehgo bt thd@latdtmgnpar@mbﬂeectl ng capacity and the

| evel of _.the occurring EMF while increasing the resonant frequency of

t he deS|an paraneter within a range | ower than the upper |imt

resonant fraguencyhe Wheeibdoof @signant whére@uamey tvatdée mrehtendlhey shRfyige the
set is less than the upper limt resonant frequency within an

al | owabl e r &fgjen cenhtionisabagnt ietherapersting (Dnbe wpprations fther @sunigatbefore a

frequency dg e
of the oper a:eg%mp%%g’fge? Cgﬁﬁlt&%glgéﬁ a%é%i%gnﬁ dtﬁﬁ?%r?%?gl rai:!(f:éusgé1 gﬁ Tt %{{%&&
bei ng set, to be (hb repenaing cﬂl%c'tagfmlmmga]fﬂteecmrreihgcometlm@&dpadthindahalemsl of

15, wherein the desi ar amet er adj yst e he operati.on (e)
conpri séd a R NFAY eV Infigasipg f ‘ﬁ‘%t ﬁalsé’tlfr SBBPlV angﬁau?cﬂén core

desi gn par apetehp @@Wsﬁﬁﬁ@ﬂeﬁ@p&@s thbRiditeatofeshigteRAtAMBLE h Widthef the
operation (0 conprises a w nding number of the cdrrent collection

coil. 29 20uThe swephoeshdfoldcipmces:,” whitbinepm atlpwable sargenand pdigsimgey feed
val ue is detegghqe to be a value greater than a naxi mum audi bl e
f requency varue. '52% The method of one of clains 15 to 20, wherein a

determination as 2 whetingtind dprodesiofdesig@iiflg theirrest sipblysleved when a width
conpri ses determ ni ng whet her a di.stance between the current sup %
devi ce did Ph&THITBREURPYY PRt EFIRtR e & TgPb et vRYA spsTERg éhle qgign

a predet er mpeg g aferm&' St A3E&dinORRh %891%}{51? gﬂﬁPth ﬁie%fdﬂg??the current

cunent collection device and a current s evice for supplying
power wi rel espily atdcelleggbin core and chaudich guraenct uralrue ntisfphg dot designdenditien are
by generatin magnetic field, the device conprising: a
current collg%??%g capacity calculatlng unit to calculate a current

col l ecting capaci tfy3)f oeidngesi dpppanmet @ioMFHdqsbny datis@FANAE design
frequency, a feed cun-ent val ue
condition by repeating the calculating of the current collecting capacity and the level of
the occurring EMF while increasing the resonant frequency of the design parameter
within a range lower than the upper limit resonant frequency, when a resonant frequency
value currently being set is less than the upper limit resonant frequency within an
allowable range; and
25 (f24) determining the upper limit resonant frequency determined in the

operation (f23), the feed current value of the operation (f22), and the other design

parameter currently being set, to be the final design parameter.

19. The method of claim 15, wherein the design parameter adjusted in the operation
30 (e) comprises a winding number of the current collection coil, and the design parameter
determined to be the final design parameter in the operation (f) comprises a winding

number of the current collection coil.



15a width of a current supply and collection core, and a w ndi ng
nunber of a current collection coil; an el ectromagnetic field
(EMF) level calculating unit to calculate a |level of an occurring EMF
fromthe design paraneter; a design paraneter database to
store the design paraneter and a variabl g range 20val ue of the design
par aneter; an input unit to receive, froma user, an input of
the design paraneter, the variable range val ue of the design
parameter, and a design condition reference value conprising a
requested current collecting capacity and a requested | evel of the

ENF; 28- desTmmetigd 0§ﬁtﬁwdu5n§h@rﬁtrtth@ sesanay rgguency ypjug sy desernygagdgto
of a designy | ated during the
desi gn proceESQQﬁﬁéﬂJ%%ﬁ%%?%gﬁ'@@?%h&%e ergﬁgggég ue, and the design
par anet er val ue; and a design process controlling unit to
control the alcu t|n f t he rent _col | ec aC|t .and t

| evel of th@ J£ fto&eéﬁbc,c R3d iR Pny 8’@81 @ﬂ HPRARRES thWPJet%ter
process of gt @éstgnmorﬁgu@ncmat%e@%ﬁgﬁt&rde&%%ﬁﬁln Q/h@théle§ Hlstanef bttkt»%en the
30 calculating by controlling the aforenenti oned el enents, in order

to design t lserrenir yupnky @fn’mﬂ gnddehei @ereahdolidedon Wevigatis eudates dhamar dewdl de a
sati sfying 1&P&nnuwdnnn qﬁtl%%hcapaC|ty md a |level of an EMF within
a predeternP ed range. 30 5& € ‘devi ce of claim 22, wherein the

desi gn paraneter conprises a core structure type of the current

supply device and the current collection device. 524.The device of

clai m 220 wHer ei nAtdssicader et crBent catlestiondevirsiangd acumish wwelyadevice

m ni mum di Sff&n&ﬁ) oRet ﬂas 1980 GULERAE iRY A8t ?c@n&tﬁ)ﬁ'edevwe by
e AP 55

current collecti I ce. devi ce of
conpri si ng: geoaatihgst magmt'n:eﬂedxi;lﬂaetdavg:emantpmmgcal cul at e a d| st ance
? ﬁévﬁggl the Cunent sug Rl %Hggt}/ngcgap%& y calcu rtqr?gn%nl%?o cgl%t[ﬂla?ena %Sr\flenctecoﬁlectmg
gn par ama
capacity from a design parameter comprising a resonant frequency, a feed current value,
15 a width of a current supply and collection core, and a winding number of a current
collection coil;
an electromagnetic field (EMF) level calculating unit to calculate a level of an
occurring EMF from the design parameter;
a design parameter database to store the design parameter and a variable range
20  value of the design parameter;
an input unit to receive, from a user, an input of the design parameter, the
variable range value of the design parameter, and a design condition reference value
comprising a requested current collecting capacity and a requested level of the EMF;
a design page providing unit to display a variety of data of a design process, the
25 data comprising data calculated during the design process, the design condition
reference value, and the design parameter value; and
a design process controlling unit to control the calculating of the current
collecting capacity and the level of the EMF according to a change in the design
parameter, and a process of determining a design parameter based on a result of the
30  calculating by controlling the aforementioned elements, in order to design the current
supply device and the current collection device satisfying a current collecting capacity

and a level of an EMF within a predetermined range.



10

30

23. The device of claim 22, wherein the design parameter comprises a core

structure type of the current supply device and the current collection device.

24. The device of claim 22, wherein the design condition reference value comprises
a minimum distance value between the current supply device and the current collection

device.

25. The device of claim 22, further comprising:
a distance calculating unit to calculate a distance between the current supply

device and a current collection device from the design parameter.



