1 Inductively receiving electric energy for a vehicle The invention rel ates
to an arrangenent, a systemand a nethod for providing a vehicle, in

parti cul avoaotwet¥sbound vehicle, with electric energy BETHEPRING/0B698&Ce] Vi Ng
devi ce adapted to receive an alternating electromagnetic field and to
produce an alternating electric current by el ectromagnetic induction. In
particular, the invention is applicable for providing light rail vehicles
(e.g. atram with energy for propulsion. In particular track bound
vehi cl es, such as conventional rail vehicles, nono-rail vehicles, trolley
busses and vehicles which are guided on a track by other nmeans, such as

ot her nechani cal neans, magnetic neans, el ectronic nmeans and/or opti cal
nmeans, require electric energy for propulsion on the track and for
operating auxiliary systens, which do not produce traction of the vehicle.
Such auxiliary systens are, for exanple, lighting systens, heating and/or
air condition system the air ventilation and passenger information
systens. However, nore particularly speaking, the present invention is
related to transferring electric energy to a vehicle which is not
necessarily (but preferably) a track bound vehicle. Generally speaking, the
vehicle may be, for exigy gelsarammnglqéeqt@ﬁ/emﬁjgnfprél\@ﬁwq cal |y operated
propul sion notor. The vehicle may al so be a vehicle having a hybrid

propul sion system e.g. a system which can be operated by el ectric energy
or by other energy, such as electrochemcally stored energy or fuel (e.qg.
nat ur al vt Pl biafestb AUlobmell, 3k sRANERY .?Iﬁ@tr%oel%r phobidhRy 4 Lenbia!
vehicl es tor l'i ¢ passenger ftransporf, usua rise a contactor for
mechani c'alnayl'cé!lﬂ!l ad tbPPO‘éW'}‘C'éowtﬂaébpiﬂg eaetgyrhy t@mmcchwm dsyvieet he track,
such as t i on not or
on boar dé({hr?géosfghrfac \éésgt] ? It?r"nat?ﬁb 9&&?(&\25’%1&32? §||d caz?d t%?\?gu Ogrr&gn?lrpt Ee ﬁ%“é?\{t er nal
track orele¢tie cumenthysieciromagaetiaiwductionolnpastiaaretherigyention isprplisatde fprot her

| ocal or (& 0 | rhead power |ines

W t hin c”??gggqﬁhwéygkﬁéggégglg%%§B?ﬁhﬁﬁgﬁgﬁygmgggﬁgﬁof cities, overhead
power |ines are undesirable. On the other hand, conductor ralls in the

ground of, d%%ulatrfﬁ"acﬂ BQWV.@@ﬂé@ soieh 8% lSorWe‘ﬁ%ﬁéWaul \Vgﬂ &Y, mﬁaﬁ@eﬁﬁ%ﬁr i bes a

road way-powered el ectric Icle system | -el'ectric vehicle has one

or nore mbmwswwwmw@gye agg @Hém en artraéb\bw@zermﬁ@mcﬁwht?é qthgyi dl y
char ged Qb iy hé%?ls %é&heﬁ’@?ﬁ@hsogéé&d}ﬁ@mfeé garo%ﬁrcfar mE&hs, GedUiRNt . such

as a network of el ectronechani cal atteri es ener st or age el enent s
may be celagtgeanedey fer Rrprulsienop|tee track andofeeiamrabrm aW@ncﬁseﬁt@mﬁ.gN'a@rw@s

through gotpedatRe KraklioPotRE vERiHlé' 506h EuﬂWE)%terﬁs dre, $H dxanfpiGgRRey 1 n the

road way. | nductive heating coils are |ocated at passenger | oading /

unl oadi ngysteaspe eptinganriier aibeansitionsysteph dhesaiguentiatioarapd passenger

information systems. However, more particularly speaking, the present invention is related
to transferring electric energy to a vehicle which is not necessarily (but preferably) a track
bound vehicle. Generally speaking, the vehicle may be, for example, a vehicle having an
electrically operated propulsion motor. The vehicle may also be a vehicle having a hybrid
propulsion system, e.g. a system which can be operated by electric energy or by other
energy, such as electrochemically stored energy or fuel (e.g. natural gas, gasoline or

petrol).

Track bound vehicles, in particular vehicles for public passenger transport, usually
comprise a contactor for mechanically and electrically contacting a line conductor along
the track, such as an electric rail or an overhead line. At least one propulsion motor on
board the vehicles is fed with the electrical power from the extemal track or line and

produces mechanic propulsion energy.



Placing the coils at selected | ocations along the I ength of the roadway has
t he di sadvantage that the energy storage on board the vehicle needs a | arge
storage CEP2O1K0B1S95n addition, if the vehicle does not PERFR2000M0693Kt coi |
in time, the vehicle mght run out of energy for propul sion or other

pur poses. Therefore, at |east for sone“applications, it is preferred to
transfer energy to the vehicle continuously along the path of travel, i.e.

al ong t heahisad othetdu&d beégYor{aﬁ #amE aFd 655}afép%gx|_wi9mérh@aa Fa\%r iirfest he

vehicle, i.e. producing electromagnetic fields, I's subject to restrictions
regar di nyittEvcities| Heweveheagrecintly ndigiens parts Qfﬂt!eswww,f lippeater omagnet i c

field ' f ' ool dovi |
I el ds dse'sg{;ltﬂé. @ﬁﬂmé’\bthgr ﬁjr@?%ﬁ%%@?'r&% in HVrb8Rd Q‘néé‘r]ffri\ée)f;%?hd%ﬂ& peopl e

and ani na oul d not ect to el ectronagnetic per manent|y.
At | eastsafety@rollepective |init values for field intensity nust be observed.
As principally disclosed in WD 95/ 30556 AZ the vehicle which is travelling

on the track may conprise a coil and the electromagnetic field generates an
el ect ri cWA) 9%/B0206 A desdribage rpad war-peveredgiectric kehiclpsysised The algiackice any

el ect i Cydridénbdlohd6r B 6il-Boark Wridrd}s18raBé BRMCHIOS: B thlcahte piglsed Lo

charge an energy stqr%ge. system suUch as~conventiona tteries and/or
super cagharged o enesgizeshyvis enerpy ohtainadfeam anielegdiival erant siehb @sianetwark

arr ange”@f@lect:%ﬁ-lﬁ\éﬁ%ﬁ&v\ln?ﬁt}ﬁegﬁ H‘HQ_JnQFngt%bQ bRty @Qy %La%ha%%%d%il%itﬁﬁ' ar a

track bound veh . ctric e In an effective manner.
par t i cul ghicleiistin grefasionr Theeehairging opedrs threugh @ fewerk ehpawes coeplgvi ng devi ce
in the vabiehe: e GUESi f t ' f Redli e Wyrfnt  or
vol t age (\?\ngt %*1% e.g. %‘?{iegee{/nﬂe%d?fag Iiﬂ‘%lrpgﬁgayzgﬂ%%gg BY ériggécgl%l § Q)tcrﬁe falqel d
i Nt ensi t passangerdoading f wneading avnes ip ordsr io ingrease ipassengensafetyne vehicl e shal |
be low. According to a basic aspect of the present invention energy is
transferred froman electric conductor arrangenent, which is arranged al ong
t he pat hPlefing thesedils(aé sglectgdocatirn®along thealeRgh @i e edway Bys Hied which is not
movi ng ikl &ahfige RIIAL Endrdy SIGHE b Boartithd ehiieReELEa 1aGE sERRGLICL O
arrangenent carries an altérnatinhg current Ich generatés a respective
el ect r oneapagity- dn additien. dribie veRicle|dees nohegale thecnendt epitiinitisng, drajvehicle migRif er t he
el ectri Cr@nRk B¥erddioy 37 pYditisidifor other purposes. Therefore, at least for some

applications, it is preferred to transfer energy to the vehicle continuously along the path of

travel, i.e. along the track.

Inductively transferring energy from the track to the vehicle, i.e. producing electromagnetic
fields, is subject to restrictions regarding EMC (electromagnetic compatibility). On one
hand, electromagnetic fields may interfere with other technical devices. On the other
hand, people and animals should not be subjected to electromagnetic fields permanently.

At least, the respective limit values for field intensity must be observed.

As principally disclosed in WO 95/30556 A2, the vehicle which is travelling on the track
may comprise a coil and the electromagnetic field generates an electric alternating voltage
in the coil which can be used to operate any electric load in the vehicle, such as a
propulsion motor, or can be used to charge an energy storage system, such as

conventional batteries and/or super caps.

It is an object of the present invention to describe an arrangement, a system and method
for providing a vehicle, in particular a track bound vehicle, with electric energy in an
effective manner. In particular, a high-power density shall be produced by the receiving

device in the vehicle. Furthermore, fluctuations of the alternating current or voltage within



Preferably, the conductor arrangenent is |located in and/or under the track,
in particular under the surface of the ground on which the vehicle travels.
However, wWBeolopseisi on al so i ncl udes the case that at | @aTEP200AGEI30T t he
conductor arrangenent is |ocated sideways of the track, for exanple when
the track is located in the country side or in a tunnel. The frequency of
the alternating current which flows through the conductor arrangenent nay

be a hi gfhelveRRILEHaN betedit@dr ﬁF&é‘raBFy ﬂaejfféﬂj |Kié%sntyiﬂtﬁééﬁ\!/uﬁiﬂnﬁarnt bflathe range
of 10-30 kHz, preferably about wever, other frequencies are al so

possi bl erecanmgieviceiwithin @P@h&l@s&"@ﬂbﬁd@”t he energy by el ectromagnetic
fields has the advantage that the conductor arrangenent can be electrically
i nsul at ed agai nst contact. For exanple the wires or lines of the conductor
ar r angen®eRording ta)a bpsiciaspedt of theeprgsant inventien enatay isrtransfamed fam an electrisnal | y

contact Ediubler bﬁgnéérﬂé‘rﬁ wI'\:HI'i f%@@al&d&%@bgm&%%l( REG tARK o¥§%c9f

contactors, whi are used to contact standard overhead™lines or live

rails, |§°l§‘6|w¢é&le)mﬂer0‘e¢h ispot mgviag whilgthe vehigle {soleavgling |to thegvehiclead hes/ 30556
A2) CauS@o%d%@fé?5ﬁaﬁéé*ﬁéd{%fr@g%nojlte%na@Qh%ﬁt%ﬁ& Qéndries alb§idtatd ng current

or alternating voltage produced by the”coi reason is that the field

i nt ensi t§legiforagnetic figidvand tae eleciromagmticifield is ssed intjansienthamlectsictanerayei cl e
i's travellth@gehibiel t hernore, the power density of a single coil is |low and
the altemating current which is produced by the coil causes secondary

el ectromagnetic fields. Therefore, it is proposed to use a receiving device

Wi thin tﬁ%fé’rﬁﬂlkct'hﬁ Ma%@%g@ﬁénﬁg \Gealtéd |Haatn'dflﬂ uﬁh@%é'tt%cﬁ% bSfcuBAVI N9 a

plurality of phases recei ving device adapted to receive an

al t er nat infgr recvrfasmed thetgreund en wh@hdhe Mequaleaa&elSalﬂO\meérthat'rr\mtm alseric
current |h¥lu8é§ﬁ1ter&§@mta’t léab(@'HE& bPike BHREG& 6(5&-4?@ ﬁﬁ‘ﬁ?is bc%g?cfé%&éﬁgy

conprises a plurality of w ndings and/or coil ectri y con Fuct i ng
mat er i al thewiask.dphexananie Whﬁﬂlthﬁgt'?ﬁk ig dngatedsin dhmeaundrysideprdaadennelsepar at e

phase of the alternating electric current.

The frequency of the alternating current which flows through the conductor arrangement
may be a high frequency in the range of 1-100 kHz, in particular in the range of 10-30
kHz, preferably about 20 kHz. However, other frequencies are also possible.

The principle of transferring the energy by electromagnetic fields has the advantage that
the conductor arrangement can be electricaily insulated against contact. For example the
wires or lines of the conductor arrangement can be buried in the ground. No pedestrian
may unintentionally contact the buried lines. Furthermore, the problem of wear and tear of

contactors, which are used to contact standard overhead lines or live rails, is solved.

However, using a single coil (as disclosed in WO 95/30556 A2) causes severe fluctuations
of the amplitudes of the alternating current or altemating voltage produced by the coil.
One reason is that the field intensity of the received electromagnetic field may vary while
the vehicle is travelling. Furthermore, the power density of a single coil is low and the

alternating current which is produced by the coil causes secondary electromagnetic fields.

Therefore, it is proposed to use a receiving device within the vehicle which produces an

alternating electric current having a plurality of phases.

In particular, the following is proposed: An arrangement for providing a vehicle, in

particular a track bound vehicle, with electric energy, wherein the arrangement comprises



Furthernore, an arrangenent is proposed for providing a vehicle, in
particular a track bound vehicle, with electric energy, wherein the

ar r angenewo 200m31398es a recei ving device adapted to rec@CYEP200IADEIZ0 nat | ng
el ectromagnetic field and to produce an alternating electric current by

el ectromagneti c i nduction, wherein the receiving device conprises a
plurality of w ndings and/or coils of electrically conducting material,

wher ei n 4 ReWirfdfddVite a'%ﬁ@féarto(‘r%én% an snérﬂanbeéieétenﬁagwéueﬁenalafna% Pfﬁdula@as es
of the alternatlng current and are positioned at different positions in the

travel | | HyAkEMRLNG PCtEs CYTFRNt by slestremagpetcandyrdiop aphereid the reqeniRg AVIEE t he

di fferengonipridds %q:‘?urﬁﬁtg‘b%ﬁrﬁin aﬁd?cﬁ%“@ofaé]e&h&qlpbeﬁaﬂiﬁ% Infatéhift] Whérbin
different intensit the total power produced by t wi ndi ngs or coils

is | ess eRPNEERg oaﬁo't is pdapiediie praduge arsepaiatr Pirsgaf the aktmeawgrmlﬁﬂgc()r coi |
can be cqirepsated by a higher power of another wi nding or coil. Because
the windings or coils are |ocated at different positions, the power depends
on the average intensity of the electromagnetic field in the area, which is
covered ByrHehRoid, BA aRdRg&hertQs blopofed R BrdWitinga FeRiRRC inf pdrtiiEIafiragkt , t he
receiving area (1.e. the area which receives the magnetic flux that causes
the al t pqvadivehicleo Mith gledtric enpsaxnwhereig dheFrangemest FamPEFesH fecelvingt wi ndi ngs
and/ or c@ivic Mtéwerré@é?vee@ﬁau%aﬁ{g elgamg%uerad%hew phdducB@nat t ached
figures and wll be described bel More generally eaking, the different
phases oaltem?émmeﬂﬁﬁtrrrg@mbbele@twm@gmw 'M'O@fw@fg'ﬂﬁ Eeceiving deyige a unit
ey havm&e%e%eah%%m&&q% Mo BAS oIEKAtally Bohducing et Shaieini n t he

housi ng. In addition, "a vehicC have nore than one of the units at

di f f er enthe pordingsoans/orcoils atespdanted it praducedifernat phasea At igaltsmating ecei vi ng
devi ce haitendadd Q}e‘%&litlohléd af dﬁ‘@%ﬁ??oélﬁoﬁshﬁ‘ihét%eﬁi’n@%r@@lr@%ﬁﬁé Gehitig! ds
whi ch are produced by the phases at |east partially conpensate each other.
Ther ef or While the vehigleyis t@aﬁlhnether@ﬁerﬁetrwedmge of peils\yBgy faceivg@anhi gher power
densi ti egedtdrisHetiSiER R uM@rd tiEhdity| Butithe ol poitkt s,roaa&éa/s,t the J«.hemas er d
intensities can be reduced. Furthernore, the power density which can

achi evedcaly islesedepandegt erelime esings 2 AgcreRsing PowRERf@ne Winding i9& £oi pambe or a

single p&ﬁsﬁensaéd/ﬂytdﬁ%g& ;sotwér%f sﬁé&ﬁemﬁ\a.na ot BB ca0éd thaawihdiflgd ot &dige
nunber of w ndings nmay produce a |arge altéernating current or voltage, such

a coi | iaerenatebaldifareatpasitions. the prwer depands op the ayarage lYensity #ERSi on in a
directi Oé\e&?@rﬁ'é?ieﬂgfléIBW&}éeéréﬁlWhlEl‘Plsthﬁe@drtﬁtQHé th?ri%stdradbﬁe. Consequent |y,
the average distance of the w ndings to the source the el ectromagnetic
field (which may be integrated in the sleepers of a railway for exanple) is
hi gh. | NAGQRRIIRGE a shétiid &RbddimBAL, Wﬂe@@ivﬁﬁ%?ééj(l Bgthtechréé"ﬁlh%qﬁé‘él{'ed fyention
can be arranged in such a manner that the w ndin di fferent phases
are di stMpgnatisdlugirat caumrfgeeltarrreanemltag?mﬂef\wr\ mg% ﬁedlpéafeﬂsa etditfe®Bhsi on

tr ansverﬁﬁhbfmlgé Qn&,‘%? o&#lsﬁﬁé} bdHapfedch dudr. Exaniiidd 4R shofnGRithe dttachBder stood to
have a plurality of w ndings which are connected in series or in parallel

to each figuies ancvitliherdaseiibed brlow; Weterganeraih speaking. thedifigrant phasasy teqir r ent

or vol t ag@difgs aRdBF Boik' RS pEHE oPY sinBR w.mdnm& ufit nfa@l Ha%e & KoUSMIARrER 1 N
such a nmanner and/or are conmbined with further elenents and/ or devices of

the el ectheiwindinassgnd/engals arelecytedivithin thakpusing IR gaditign 1 vehigle mayhaves

pr oducedmofelthaf $AEBE fhe Ubits Bt HifeRMt BESIdHsIR tralél ditBEfordet ai | | ater, each
phase can be connected to an AC/ DC converter (i.e. a converter whi ch
converts the alternating current produce by the receiving device into a

direct CARdtREVAdvaREgE 'aea %w Heae\ﬂée ﬁmng:e BK@élftféfspH‘a%Bs Regopgected in

series and/or in parallel to each However , is also possible to

connect &leetoragngtic f'ﬁ'ﬁ&&@@ht%eml@ﬁﬁﬁyﬁl@ PR2SES AV @aﬁb‘i’am#h(@oﬁ?ﬂ?@é% emay

consti t WLndotRdrdThé¥eidié, thé BREMgY cah b8 tranBRmel td BleSithicld BCHiGEsT g or coi | s
are connected to a conmon star @m nt%sr The opposite ends of the wi ndings or

coi | s negensities yiheut egeeding the FYSdimitsass %'Feé'bﬁ‘tﬂ)’ewtﬂ'@%'qﬂﬁ'@r@g'eéﬁﬂéﬁ coils
of the rgagted. FartHEMIITE, tﬁé%o%?&éﬁéﬁ?%n&fﬂa}ﬁb%zi&%\/%arﬁyla{%béﬁﬁllg%mbé the
prinmary side conduct or arrangenent, because the magnetic coupling between
primary Ba¥NGRiE@habasesisoleqnpaD fofex-3iagle @ha%a-h i ncr easi ng di stance. E.g.,
the w ndings and/or coils are positioned not nore than 10 cm above the
ground (in the special case of a rail vehicle, ground | evel is defined by
t he underside of the wheels which is also the I evel of the surface at the
upper side of the rails), preferably not nore than 7 cm and nost preferred
2 -3 cm above the ground. The line or lines of the non-novabl e conductor
arrangenent nay be | ocated not nore than 20 cm bel ow the surface of the
ground, preferably not nore than 10 cm However, especially the
transversel y extend| ng sectl ons may be Iocat ed W|th| n the sl eepers of a

o o e o o o -,



6 Preferably, the receiving device which receives the transferred energy is
novabl e in vertical direction so that it can be brought in a position

cl osely Wowvelxgss®ad and it can be lifted into a hi gher POD&IPRIO/G06AREN t he
receiving device is not used. Preferably, as will be described in nore
detail below, the electromagnetic field which is transferred to the vehicle
for the purpose of energy supply is propagating as a wave which noves in or

opposi t eakrdughet isltrie ®idt asirfie bsifSRling 4 fargétﬁumsémwtuudlﬁés B¢ prédiRelas mMuch
faster than he traveling velocity of the vehicle (for exanple at |east 10

tines fa§f9@r3 ltematiag cyent ‘WYPB?B%&H%@ OBF WQGS'W tiRee it WHP%'E%H“’ %oils or

wi ndi ngSsn?rﬁlfléém‘dfn%i%idH iRg dte&tu&eeitéhmﬁgl&é@e?gelﬁtohhga.rééteﬁlwnas/el(l n the
exanple at least 10 Hz). Therefore, each coil Wi can produce a

nearly c MH?”W@%‘WWMSEOQ ﬁfg‘ee\)"éﬂ‘cﬂ'@so@é?e §°‘f’2?r|€fnﬁ‘ﬁteeﬁ"‘%}@ma@f‘e§%ne
seconds figid GARIEH ARy DE.- mtsgﬁtecf .httﬁé Hlééb@@%f s«mn fp&stingsle g highy Irf édntrast,

necessary at all), for exanple usli n? converter and a snoot hi ng
capaci t ofesecaivigd grvics a%cordmtoathearmn Hﬁe@w&w@ in $uthp magnehe

f ol | ow n@at thB viRdihg@éMthe diferdr? PRISR!ArE distiluted Yitir@Naiger BR&SINGE thedfold) €
wi ndi ngs and/or colls .induces secondary alternating currents or voltages in

t he wi ndihRgRauiied/dpersien trangversely tPéE%FW%B"d’é\V?&QJ is'sakelr n, t hese
altemating currents produce an alternating el ectromagnetic field (in the
follown t he secondary el ectronagnetic field). If the primry

el ectr onggﬁ@tsl yndersigal tgdave arrligalityof H"‘ét"wsm'@fhatemoaneﬂﬁ f%?%ﬂ?? qrétati ons
of the reggieltdadieothée and, preferably, has at least two different
magneti c poles (one north poI e and one south pole) within the |engthw se
extension (in the direction of travel) electric currents having opposite

di rect i opgf&rably Dfe RiffeAIA PHasds 6F thé gnaﬂtat.rtgoaﬁtén@as\/&tagé WhidresrgiprddigedeVvi ce
at each point in tinme. For exanple, the prinmary el ectronn%?etlc field my

be produdetienyndings o1 eails ag conngeted n sush @ ManRaeard/er arg compinedith fHEheLr r ent

conduct ogleMeh@RERIG Hevickd6f Bk @l&wd'ty Bi?ﬁéﬁt dwﬁe éHidie BHat aSiighidired current
transversely to the direction of is will be described in nore

det ai | bEPHRAUced Farexamples s wilt bg geW‘BF‘éFt'@B'%‘PF‘é?" et greaRt@sgcan ke

recei Vi ngbride¥ie@ o ah AT/HE\@nlérkst (&€& m&nmlﬁ&w %@eﬂstwﬁtmﬁatmga@Mt sely
to the di rectl on of travel Fur t her nor pol e di stance (whic

def i ned BPdverbyihergerRiUNg feyirg into éﬁ’%@r%‘é’??séﬁgéh?dpﬁgs'%"é&“ §°"V6Ft6(ﬁ ded

t hat t hecgibhe @cmn‘éctebn@u&tibsc&m&qubameﬁeebbnaﬁweefnmévtaenﬁatalslatﬁb%ei@leatbe
oriented opposite to each other) e same_or may be in the sane

order of CHRRSH} SARRCA RhaseHq Wﬁrs?"kel %& D&ﬁtﬂ”ﬁﬁ”?h@%é’@ﬁ Mgy spRglityte ag

Wi t hi n t&er pasedinéling. edfhé'diﬁéreni\ﬁ/lnHi‘r\gsEﬁH/BrQéll%ta?r‘é‘é@nnéctélﬁ@rd YorhiABn S&iFe, the
magneti c pol es of the pri ft%q.,el ectromagpetic field produce currents in the

transver%‘éﬁ"} Theronrgsiigedsq wingkingsit o BAY PR $eBRRAlREARE &89 %ar e 1 owi ng
in opposite directions, provided that the distance between the primary side
and the se ondary side is not too large (otherw se, 5 infensity

wi || becieierably Bayyindings @d/‘tfrﬁé"'éewﬁrﬁ@'#"%@é\’iﬁ%é’% F?f@l'tP@E Pok)a fep

practi ceeerﬁume%eSIasbaétme ;i’ﬁ%ér@@ldb%hﬂ%té@?%g@heﬁﬁmc&ﬁétthmdgﬂéhce g. in
t he range of to 10 cm The, di st%nce S conS|dered not too l.arge, if the

pol e di s?%?&’ég PeiwgsP PriggeaNd praPneary cofle wilkdrerepseiiBCERSIDG distaNGEs on t he
primary Elnghéi%ng% dddnﬁ%onmartet@s&@ﬁemd@woféltﬁl@n 10t:ﬁi‘@cro&bltrxe fdhd l(iar ger

than 5 tines. t he ot her hand, of i ve the, co et ween
Lhan o1 b spasitl case of adn el drpiyt EYelis BeinedBi euaete'da.ifﬁmﬂ Htoren

| ar ger t\Whigh id@sélthtian of Prisipabe bhﬂhe'dpﬁ@ﬁsl@é\of ihe rails) Feterabid Rotaret he

| i nes on the secondarg side. Prefer a?@é a ferromagnetl c

bl ri SI n
mat er i al thP8 76 and BeshsiRETedrie— i Gy R tﬁﬁ&f%‘r”dci'i‘? sQf et ed i n

and/ or omotdifle ts&kuu*ctcﬁ ard¥igémaht niay b& ®cardhotmore mlz&icrﬁbetohﬂhaetjﬁéwl
whi ch may be a orm%eneous mat er | al 360 t hat no magnet oles are forned

within tfehegraundapreterally patporepan i em- flowensy s C'%llyé'l“gHaB?" e. The

ferr Onagéb&éndin%)%bﬁohglﬁf@éb‘éﬂécétwvvﬂﬁﬂﬂﬁé bleepéreof deﬂMdWor&ﬁ&egténémy t he
out put power t he rece|V|Rg device . and in dd|t| he sij of .the body

whi ch i sSR§FptHgiabave graund- it |‘ﬂ§§ﬂ1?rd'§t8f‘?%t°l V"(Qhé Qvige, i r‘F‘i“é’@ of

el ectromagnetic fields produced by the w ndings/coils. As preferred, this
opposite side nay be the top side and the receiving device may be | ocat ed
at the bottomof the vehicle or below the vehicle so that the field
intensity within the vehicle is small.



In order to further increase the output power of the receiving device, the
w ndi ngs and/or coils may conprise sections, which extend transversely to
t he direcwDanogB19savel of the vehicle and which ext endPSTEPR@AIQBIY in a
common pl ane (preferably a horizontal plane). It is preferred that these
sections are distributed - in the direction of travel - along a | ength

whi ch has the sane size as a projection of the surface area of the body

onto t hq:r@#éaaay m@%@.\nng A&vidd WHIcH Secefved/tRg trsﬁé,féﬁe@éﬁergy %tﬁub#wl@%
t hr oughout t he who ngth. This neans that the ful ength, which is

cover ed \@gﬁlqahélwpﬁ@ﬁdgﬁéw@ beobrpughtdn g pegitipry clogely @oave a@ynaﬁaﬂ #rcapdiE s.
Cons equgielyYinto e igdr§@sibn WhiH ithd e cBivingevite Whétused. cover ed by the body
and which receives the nagnetic flux is nmaximzed. The |ateral ends
(lateral neans in a direction transverse to the travel direction) of these

sect | ONspafetabiy U Wit b@%ek@r@bedhﬁ%ﬁe detail b, tﬂ’@é@@tromé% neltié f.erdaméﬁ Rd to
have the heads covered by t ferromagnetic e other hand, it is

pr ef er r dEpnskaited:tadhe,wehice é@(tt@ﬁau'ﬂ’@s? R erreasxemp'x ISIAreRAGS{INg AS 2 Wavg WiHFRh i s
covered RyvddR 0999?! ositelo mehﬁrecweﬁ Gﬁtra\}etl n tﬁe %%Ew bl WAk id RBich RestdroNs
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extend within mts of wi dt h whi wi dth of an area whi ch has

t he sanghap the t%feanw%lp@b‘tqfé'aﬁ mh'@'ﬁ dfog aafarare,le aale@at Ht timgefastar) tmpewehe

pl ane. \GhitWehmMbe plidRickl by theRERRRSI é&@o?%ﬁrﬂﬂ{gsﬁﬁw reGéwﬁhg deRenagnet i c
coupl i ng to the conductor” arrangenment which Ero uces the el ect rorragnetl C

field isfiyctyatesa® high frequencydis; the gyameleiat leaghi0 Hee %a%for@t pagh aiicd] ds t he
0pposi t &yinlfig cfah%cﬁjo%%tﬁéé'?‘@%ﬁ&tbﬁt deﬁér‘#ﬁhéﬁvérﬁée QQIhé%véﬂéﬂlﬁné ﬁﬂbﬂﬂl &95
According to a specif di nent | east one of hases of

recei vi riPeRsecoade m@esedc \ﬁycbflU%wnﬁ&aameélané@ﬁcﬁ?éﬂb necessAary ?l ﬂ'@s
wher ei n gagkhfible b @isln g@?ﬁA@@@&%&eﬁaH& 29nBBthiHg _F%@itdr)onWﬂé@C it
electrically connécted in parallel to each other. This means that both
conductors produce an alternating current if an alternating magnetic fl ux
is preseffe élfénﬁé\ﬁng‘@lé@ﬂo%gﬂétl&ﬁélh {in W@“@\F/lﬂgﬂh@%nﬁh}? eledPomb@esticdrid)ot
exactly follow the same path, the alternating voltages produced b}/ t he

| i nes ar'shigh jsyeeeiyedby therwindingsped/er epilsfipgucse égmmalﬁ%@amg GUTeRtSRIr t i al

conpensajdigfedin thé w.rfdmgsemd/&ruau& BEtheré&Ming e NGV tuMR UhEsd SitdrRatitged.
Therefore, it is proposed to connect the lines to the electric [oad in the

vehi cl e GHrEenis pEdRee @h?ﬁtﬁﬁﬂa'&lﬂr?'@ﬁfm‘ﬂqﬁ\%? tielddip th%fo"ewmst thetsesgnday

differ er’élé&l'orﬁéﬁnreﬁahelef IfttHS ph%rﬁéléét'rérﬁégﬂe‘tlaﬁéld H%@rdrffﬁi@ﬁmleﬁi sthdMth at
differential current transformer may be realised ring of ferromagnetic

mat er i al difiepgntlopatians of they rﬁee'vmaé@vwa@ﬁogre(em%dﬁsm@m W different fir st

si de t0 RagRRPIcY BRe ABAN bBR a'i@mcsohtmw@w.m fhet IBﬁQHGl%eféiﬁeri’sldﬁg if rom the
second side to the first side in opposite direction conpared to the

first |ithedirggtion cg‘érr@éﬁ'aﬂeytr%eaﬁnﬁd\avms&opepf'feeq"equafr cn.be erpdugedialst or mer

i s adapt @iflefeRt BcARIMER tHeYREeiling dERBB &t bacH pathtds tiRleO SoESMYle the ﬁhM@rJ i nes
are directed in opposite direction within the transfornmer an

t r ansf or $IREUQUIBREN §f'?'ﬁé§‘é/ brgresured by thediges gf 2 plralify,of ‘Eﬂa\sP%Pgﬁ'i‘ ial current

is elimAnefing culreRVQMNdBEor Zh@:ﬁgﬁn%rﬂ wﬁé?e.ndsat:h@hsgs had sé‘dﬁbh@éktehﬂnﬁQSfor”Er
removes any differential current in par al | el nes so_that the usabl e

power i st"iriﬁ‘!?@ﬁb’éﬂ thendipagtiar of trayed ('Q'S "%Be é’ﬁ%%f&efjd'ﬁ "I?t'e detall PeioMd JRdhiE havi ng

nor e t haghs@NR iCEtBRFlet Ahdt thE phds P IEealing eV RE Iafd Kivelline RatInsathiéd each
of the w ndings and/or cojls to conpensate the inductance of the Wdl ngs

and/ or ca¥elextengding transyersalyite thesdirgction ghirvel £yrihamagre; e Pof dinlangs

and/ or cQigefinedby MeldisBhde ¢ the! irafsVerdthY btending S6tioAS praviBéd tHatlthe Whi ch
produces the electromagnetic field in_the conductor arrangenent along the

pat h of &uyreants thrugh coppecutive gactions ohfifernt RRaresiate PHented PPRRSIYE 18 £8SRs an
al t er nat htRer) eyl e RBMIG rﬁa)F&?‘Htﬁ@%aﬁa%rdérl&ﬂ%dg’ﬁlt&d@ommm%w or

coils. The capacity of a specific ﬁ‘ease may be divided in
capaci t i @ erethg segopdayy sidedie-orithimiievperidng €§¥i§@i lfénes’?dﬁﬁ’!ft‘ﬂ?@ '?)H?Q'Wal

capaci ti@g same, e rﬂagﬁét.btyéte%d)f%ﬁ@@fﬁ}nsﬁ@édhama@heﬁmw AfBe BAréMatin gach
capacity conpensates the inductjvit actice, the line

t he section.
(whi ch | EansyRtselyrexignding testigpoeliibe r%w«m iRgydeYicewhigh ags ‘3‘”‘&8&" ‘&Qﬂ?ﬁ f¢se at

| east On@rections, provided that the distance between the primary side and the secondary side is

not too large (otherwise, the field intensity will become too small, i.e. the coupling



9 capacitor. If at least two capacitors are arranged within the line, they
are preferably located at different positions in the course of the |ine.
The sane Wayowypslspsto the lines of the primary side con@#GTERRO0OIE@MYemeNt
If the capacities are connected in pargllel to the w ndings and/or coils,
an alternating current having a constant anplitude, which produces the

el ectromagnetic field in the conductor arrangenent along the path of

travel , galdaRs iﬁéffe_%}i&eqr &%@ﬂgegtﬁw%nw%pge% O 18hge br SUFR bartifetids, t he

wi ndi ngs and/ or coils. her hand, if the capacities are connected
i n par al ¢-61 intte rangewf Rde A8 smardhe distanselis cenfidered aet tap faseedt thagoll t age

havi ng ayigaRsd RMHot AITGErithatff0 timel ARAIERNEE QﬂﬁHS‘hnééﬂﬁn HeSSimAyRMaSHChE | el d
I ol tage ha

along the path of travel, an alternating v s ving a constant
anpl i t udeponihe gerasdapyside ereferabivaget larasr Srancotimes. Qn theatherhandt édees ng
current H&Stﬁrhpfb@@%ﬁé‘&iupﬁﬁ?éb&d&@ﬁ % pAfaf dridl dedbhdily ¥idk sRfickhiiyif HRYdIeNt

anplitude can be desira ependi ng on the constitution of the electric

pover suppRpcebhecamesiprger hanibe distanee detwaendhe lipgfeor theqimary sideraed thef or e,

the capagekiofthébécdndandidd.0 conpensate the inductivities of the w ndings
and/or coils to producé a resulting inpedance of (approximately) zero in

case of a series connection or infinite in case of parallel connection.

Each of 1004 i .
ach o M%?ed‘bl?.cgmmﬁfnﬁﬁg%@ﬁiﬁgrg%\%@fﬁ%?%gd ggov%%mmggs_erter to

produce a direct current and y S connected I n such
a mannerandfeficoils whigh|are insatesin @pd/opon hejehicle. Tyricalhs ihebedy may censigidéd t o

each othgg rﬁeﬁerﬁﬁlmlﬁl' Cmé&y Eé'g‘h\é%c{g@ﬂgodbsﬁg{eﬁaf & thﬁHﬂPHﬁHH&ic%cﬁé‘ééﬂe%ﬁﬁ@d gy to
a consunmer wthin the_vehicle. For exanple, each of the converters nay have
a bri dgewighimfiesmategalbiThe hedyimaydave iiecshaipa chats@brariplateof t he wi ndi ng and/ or
a coil is connected to a connecting |line between the di odes. The bridges of
the different converters may be connected in series to each other, in this
case. Actrigmagagpetigbagdytingraasestbe sanetiofiux density aad by diat the owadtpowafe of

the wi ndies redBfArY deiitie| shddh SdERBR B S8k of thebo8R GhicHlisghatite'to B |

separately - to an AC/DC converter for producing a direct current and the
conver t evigdings oppeilstis kertl(ngarlyd frae of elgciromagnedicifieldspprodiged bytther so that the

direct GuhbRGsRoIR. Ad\pr&arby, tﬁi@%pﬁealéeéi&@h%{%%@%%é Snfielteddiing for
suppl yi nég el éctric energy to a consunmer wthin the vehicle. 10
evice may be located at the bottom of the vehicle or below the vehicle so that the field

intensity within the vehicle is small.

In order to further increase the output power of the receiving device, the windings and/or
coils may comprise sections, which extend transversely to the direction of travel of the
vehicle and which extend substantially in a common plane (preferably a horizontal plane).
It is preferred that these sections are distributed - in the direction of travel - along a length
which has the same size as a projection of the surface area of the body onto the plane,
wherein the windings and/or coils are distributed throughout the whole length. This means
that the full length, which is covered by the ferromagnetic body, is used by the windings
and/or coils. Consequently, the area of windings or coils which is covered by the body and

which receives the magnetic flux is maximized.

The lateral ends (lateral means in a direction transverse to the travel direction) of these
sections are usually called ,heads*® or ,coil heads®. It is preferred to have the heads
covered by the ferromagnetic body. On the other hand, it is preferred that the heads
extend to the lateral limits of the area which is covered by the body. In other words, it is
preferred that the sections extend within the limits of a width which is the width of an area

which has the same size as a projection of the surface area of the body onto the plane.



In the cases described in the two precedi ng paragraphs, the perfornmance of
the circuit is not adversely affected by any non-symetric behavi our of the
di f f erentwphawas)sds. e. the alternating voltages or altePOQaAEPRYIOUIIBENL S
produced by the different phases do not8 conpensat e each ot her.

Non- symmetri ¢ behavi our neans that the different phases produce alternating
vol tages or alternating currents of different anplitudes, for exanple due
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current term n e converter or converters a capaclty snoot hes
f | uct uatansiier winding® di rect voltage on the DC side of the converter(s). In
particular if the capacity is a super cap or an arrangenent of super caps,
it can be used as an energy storage of the energy supply system of the

vehi cl e. A@oedlegm)aype@‘l@@mg edimest, ableastcanedfithe phasgs(oéthetrgceiviegdgpiaei ty and
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shor t eni #yinding B@ & yh@acrﬁele@tfm eannecteddn agmfielda eaeh atheo smaamy open

the sw tigh th%Bﬁdnfz?&é%idﬁc?%Paéﬂlefhaftng%g@ﬁé‘dt\{feaneélé%a{dng rﬁ£b¢{e9¥ fl{g) gm the
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predef | '}%Tvme%neﬁgfeuﬁgggcﬂﬁg ghﬂuk&?bf Hél%ek%ﬁ&%h\ﬂiémmr@ lgade or anot her

one way valve na In series to tch so that the capacity
cannot bbffernomSewe@Id resd in a\pemal epmpensatide of theppgeahardtheteffgativecnomeng t he
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The non- art of t e systemfor trans rln ectric energy to the
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eliminated or prevented. Therefore, the differential current transformer removes any

differential current in the parallel lines so that the usable power is increased.

A capacity (e.g. one capacitor or an arrangement having more than one capacitor) may be
connected in series or in parallel to each of the windings and/or coils to compensate the

inductance of the windings and/or coils.

If the capacities are connected in series to the windings and/or coils, an altemating current
having a constant amplitude, which produces the electromagnetic field in the conductor
arrangement along the path of travel (e.g. the conductor arrangement in the railway)
causes an altemating voltage having a constant amplitude in the windings and/or coils.
The capacity of a specific phase may be divided in partial capacities (e.g. a plurality of
individual capacitors) and the partial capacities may be distributed among sections of the
phases so that each capacity compensates the inductivity of the section. In practice, the

line (which is bent or wound to produce a winding or a coil) may comprise at least one



the lines extend along the track, the lines are arranged in such a manner
that each line produces - at each point in tinme while the alternating

el ectric WOr¥3139§ f|l owi ng through the line - a row of PETGFPRNLINE3hagnet i C
pol es of an el ectromagnetic field, mhe%ein t he successive magnetic pol es
have alternating magnetic polarities, “the row of successive nmagnetic poles
extends in the travel direction of the vehicle which is defined by the

track. féa?g%ﬁﬁ@rt If %PleYst %%@Xaf&gﬁw ed Hithitefle e tthé'y S Arordlgy f eat ures:

t he sys conprises an el ectric conductor arrangenent” the eI ectric
conduct dpcated ahdifesent pesitignsiis the @qumea@@he ting Theﬁ@mef vay eeply §o the linemokach

case) Ontﬂﬁ@hﬁ% Qae%nﬂ&&rﬁhpgﬂeﬁw rent, the lines extend along the
I ne

track, s conprise a pfurality of sections which extend
transversely to the travel direction of the vehicle which is defined by the

track, tjpgeSe Ebnﬁéial%fcohhéctéé‘gﬁpér‘af@it@fr% ﬁh&nﬂ&%ﬁﬁ?/bpcé}ls WaRerRBhd he track
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constant amplitude in the windings and/or coils. On the other hand, if the capacities are
connected in paralle! to the windings and/or coils and if an alternating voltage having a
constant amplitude is used to produce the electromagnetic field along the path of travel,
an altemating voltage having a constant amplitude is produced by the windings and/or
coils.

Either an alternating current with constant amplitude or an altermating voltage with
constant amplitude can be desirable, depending on the constitution of the electric power

supply system within the vehicle.

In all the cases mentioned before, the capacities are chosen to compensate the
inductivities of the windings and/or coils to produce a resulting impedance of
(approximately) zero in case of a series connection or infinite in case of parallel

connection.

Each of the windings and/or coils may be connected to an AC/DC converter to produce a
direct current and the AC/DC converters may be connected in such a manner that the
voltages on the DC sides of the converters are added to each other to produce a sum
voltage usable for supplying electric energy to a consumer within the vehicle. For
example, each of the converters may have a bridge consisting of two diodes, wherein a
terminal of the winding and/or a coil is connected to a connecting line between the diodes.
The bridges of the different converters may be connected in series to each other, in this

case.

According to an alternative solution, terminals of at least some of the windings and/or coils
are connected - for each winding or coil separately - to an AC/DC converter for producing
a direct current and the converters are electrically connected in parallel to each other so
that the direct currents produced by the converters are added to each other for supplying

electric energy to a consumer within the vehicle.



A corresponding nmethod for transferring energy to the vehicle conprises the
followng features: an electromagnetic field is produced by an electric
conduct orwanpargessént | ocated al ong the track thereby tPamgPeeoiong3e he
energy to the vehicle, the el ectromagg(gti c field is produced by conducting
at | east the phase current of two phas of an alternating current in |lines
of the electric conductor arrangenent, the phase currents are conducted
along the track in the lines in such a manner that - at each point in tine
whil e the phase currents are flowi ng through the lines - the phase currents
f | ow t r dndhecasesydeserihaddn thextve preceding paragesrhs Hibe perfpanancernf dheyeirayit is
pluralit i f S | i i; C ents
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that eaclabidif fiuk i@ﬂgﬁrg% ét%aﬁﬁ(nfir?/dit‘?d‘ r @il the three phases of a three-phase
alternating current. wever, It is also possible, that there are nore than
t hree- phases carried by a correspondi ng nunber of |ines. The nmagnetic pol es
prOducquwpégﬂ?.ﬁan%gé@B Helfesithb 'diBst QirehfRnflinbls&r &Y cdrveRsr éf € - at
each point 1n ti - I'n a repeating sequence extending in the travel
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sect i on @wsr i caybehesedkas/angnelgyistorage of the energysmedlyisystemsefdhe yehielgr ryi ng
phase Wand this sequence of phases U, V, Wis repeated several tinmes in
the direction of the track, i.e. in the travel direction. An exanple wl|
be descriPistafabiytaswilgh in corfentechipeparallel toctha caprdity@ntlitogiaeangemet of t he at
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first direction and the direction of the magnetic field vector in the
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One reason nmay be that the line is not arranged exactly in a regular,
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t he conduct or arrangenent ?n ot her words, the oppositely oriented magnetic
fields in the regions of the line are

The non-movable part of the system for transferring electric energy to the vehicle may

have the following features:
- the system comprises a (non-movable) electric conductor arrangement for producing

an electromagnetic field and for thereby transferring the energy to the vehicle,



13 superinposed sideways of the line and conpensate each other. Since it is
desirable to have very small el ectromagnetic field strength on both sides
of the tr&ORINMB1598 preferred that the at | east one | i n@CHEPRING/08498&t ri C
conductor arrangenent is |ocated in and{or under the track wherein the
sections of the |ine which extend transversel y to travel direction extend
in a horizontal plane. In this context, "horizontal" also covers the case

that the tjyaCkieBRY chRIVBIGH d?»%'ﬂpeﬁ@ﬂt éo?n&rlslegl%i le¥st tWo! IinBS fbr cQHWn@Qﬂ%hnm y
t he respective "horizontal ane of line sections may al So be inclined

slightly. Hé?*ﬂz%ﬁt%as?g?%ék@f‘éﬁ"&g ?‘E\‘e@ﬁred to the standard case that the

track is exiemlsnkidnd AorPihedekal plane. The same applies to the case that
the track is |eading upwardly onto a hill or downwardly fromthe hill. Sone

per cent agedhalinesigie prangeshinuch ganannge that eachyling prgiucas fadeach podbindBv at i on
of the magRgfik thd AIRIAStINY ; éungnt i owihd Hfough tﬂE‘ﬁné g rbiveF guéd&%ﬁWé' ty

si deways of the track IS Ve&{p , ene;yg| can be transferred to
vehi cl e at MAgHRti®Boles obarel ’F‘?@ﬁ'qtlc\fﬁlc’u e(ein the %’CGGISSF\@rm@me“fnR?@ﬁays

magneti ¢ fingléaitdrthsiiy hggnértﬁ,rbolgﬁ,tlggt easily at the sanme tinme. According to
a particularly preferred enbodi nent, each of the lines of the electric

conduct or ¢ mg@frﬁ@ﬁﬁe%wme&pm&sm&ewattbeﬂﬁaval dieactiemof the vehisleer, i . e.

sections ofyHidifs efifedhy B tackend in the direction of travel are fol | oved
in each case by a section which extends transversely to the travel

direction which in tumis followed again by a section which extends in the

i rect | oMfathieRt le o Kb e B JBRHobEy RAbIGAH, RaGab! es. The expressi on

serpentine” covers I'ines having a curved configuration and/or having
strai ght- sé $X§ﬁﬁj“\%Pl“ﬁ”%@?&?'b?'?c"!i@ﬁ@n‘!qcéﬁfs‘irtai"gﬂmﬁﬂhes t o nei ghbouri ng

sections. (Y &BcRE t8MdLddt drfaRYEmehl Wﬂs@ght legbt t@e‘oglmas 5t Chh9ing (?Ne%ch

preferred, since they produce nore honogenous fields. In particular, the
pl ural - pha%sﬁlwrﬂmﬁﬁﬁba%a%f@ﬂ‘ﬂng FUrEERd | i nes of the conduct or arrangenent

produces. am&hReiHRITHIGH] theWaR, Whi ch nmoves in or opposite to the
direction of travel with a velocity proportional to the distance of

consecuti véherméaompngea@urahtvméeqtpné which extesyddransyerselytte thenteavel equency of

the al tern%?ré&%ncdfrtﬁ@%h:clé’%f&nﬁ@@éﬂned%yth@@r‘é&k some of the sections which
extend transversely to the travel direction, and preferably all of these

sections, &8 sasionyelthe sametneame arangedyp adowraleng:ihetragk iy sah amagner
recei ving ¢exlgeesldh goivaR 'uﬁieeume étﬁﬂtetrr'iéiﬁ[k) eiéaincr&}%@nv |swmﬁrtbethwﬁvﬁﬁér red

energy. For exanple, the wd he sections may greater than maxi mum
wi dt h™ of tHeevmﬁa!!eér@tmceﬁemef&pmctbwhts%ce@s'aeﬁectlom in the row alternatingly

in opposite directions

A corresponding method for transferring energy to the vehicle comprises the following

features:

- an electromagnetic field is produced by an electric conductor arrangement located
along the track thereby transferring the energy to the vehicle,

- the electromagnetic field is produced by conducting at least the phase current of two
phases of an alternating current in lines of the electric conductor arrangement,

- the phase currents are conducted along the track in the lines in such a manner that -
at each point in time while the phase currents are flowing through the lines — the
phase currents flow transversely to the travel direction of the vehicle through a plurality
of sections of the respective line, wherein the phase currents flow through a first group
of the sections in a first direction and flow through a second group of the sections in
the opposite direction and wherein the sections of the first group and of the second

group of the same phase altemate in the direction of travel.



One advantage of the enbodinent is that the alternating current which flows
t hrough the sections produces a nearly honbgenous intensity of the magnetic
field in WwbheordgiwAa where the receiving device nmay be | 8CREL2009006980¢ t her
enbodi ment of the system or nethod of e present invention guaranties that
the alternating magnetic field intensity is constant over time. To achieve
this goal, the lines are connected to an AC (alternating current)

const antTidIEBEAE cSRUUCES a%hﬁ@mbﬁﬁ &ﬂﬁ’&fs@&' at @aéﬁ% ihB§ ab iifioMéd SRR
alternating current, the nmean va which is constant (or nearly

const ant Frefaradlpdhersmpisgs gore N@arpmf tmﬁedwes swherginsrash fieg Isadaptecht® el ectric
conduct ogary{ a8 of a Lt BRaskPAlldhtingculrnd, Iepseiies i ploferidiankd Mek-

According to a preferred enb é(?emant AC constant-current source, it
conpr i sedleglrc @v%{cmr@aﬁn%mawgc@memr%'lmesamftbamacncbnm adapted 9 AC
current . cabhi heSdfid fhr&ephalet NLRBBIHHABY afEHBidgSCurrent THEASR: lif i8%Iso an i nput
inductivity at an input side of the constant-current source and an out put

i nduct i veaspibig, tha thare gre merebapthrepphasesscaried by AceresrNGNGNUbRSAbi n t he

| nput ST 1ffgs! PhERAGRGICIIbISLBANGS Eie AL Sfa/oNREIsBbRbrsHE tRHiReentiinta | S
connected to line sections along the track, wherein each |line conprises a
connect i 8 pieach peinhisdine hén a Aerpatisg eemeﬂmetem@néwspmjth%ml dirertigRer ei n
each CorWﬁé"rEanHe Pé}ie'&img §e&%€§%ﬁ"gsﬂd?\d§ t&Q @H&Ebn%@"é‘?th%t ;ﬂ{asBQ' ier e%!aﬁﬁpﬁe

capaci ty. only ‘one vehicle or power collector is powered by the primary
si de pov%@rth%@ﬁedlf a(trgecphase a#é@@lt'ﬁ@Ct"ﬁ@"'tc'éﬁmﬂﬂ@rpha??sa‘ﬁg\én\ﬁ’nﬁ)Seé'l'm‘a time, a
const ant cffinrae %) SR éé'éiloh%affrglﬁg hasd sitilsh Rl dtokea dy el or
arrangerrent alternati ve\é Because of t resence of one vehicle only, any
i nt er f ereasdier caTying plops® Wiandghisiseauence Qi\Pb?%I%EdU Y WViisrepegitpskseveral times
current ihfiroHRLibRE! FRNAMK! Q. ifieARARIHRICHSN M FolnTol MRS laberbbe hgnst ant
AC vol tage supply) depends on the |load strength. Therefore, the electrical

| osses owith reierpréaiiorthe aitaehed!figyres.c conduct or arrangerment are | oad
dependent and the current is not constant, as in the case (described above)
of a constant AC current supply. The energy source 5 or power source) may be

(this albBerhgiphe aklead twe fiaes eRHYeRsTEAt SACHIPAIMN Upe the alipoating eetric
i nverter Jri%fnt r;rfraw.l@ thebugh tﬁ&lu’{éﬂ-faarg?« drs08eeRsive fﬁ%gf’f\@ﬁc Ftey 8f dge.

Prefer ab? | ectri ¢ conductor arrangenent is |ocated under the track,
e.g. und@ectmmmt-c figld, whersindhagueesssive neagpetic relas havaaltemaling magRetie
mul ti - phGsigritleR ARG wHEE:at p&hEin GRRNAE bREmatindcdtet iPPkihe |- €. the

| ines are connected to each other at a connection point which is comopn to
al | phas@@du‘ai"chméh%@ﬁ@dﬁamifawma maeaeticdield Baving @ magnatie fleldysgtoro real i ze

and ensugfigh idGHentdifin RahatdireitiorPin 4 fidt .@bwn%ftrmwwmwems cbfid rdgiéh that
all phases carry the sane effective current, alt course - there

is a phaefdhe ling wherethe Bpldveetopabthednagnstic dgld rﬁ)P@e'It?Pg invibe @ae@s'@fd'r&cﬂon
t hr ee- phgrske ﬁbé?&i?éﬂtloﬁ %Ilmﬁ’y Shothér r’e§noﬁ%@theﬁﬁ1e%@é thel8grRaticBRf Vetdor

current 1n each phase ty be ‘a sinusordal or nearly sinusoidal current. An
S

addi t i orfalonaat@a@ga@en 8te fyrsidicaction ARd se GRS it is nohalways thaeasrdhat the
conduct OFrsltd}reTch&\ BBl &@eﬁ&f—‘oﬂ the hRfhetiSfeld %&topmn@rdubwﬁ@ r@gioh b teonduct or
arrangenent to the power sup Jlst em can be nmade in the sane section of
t he tr adline are exactly oriented in opposne rection. One reason may be that the line is not
arranged exactly in a regular, repeating manner. Another reason may be non-symmetrical
influences of other lines of the conductor arrangement. A further reason may be external
electromagnetic fields. Also, the vehicle which is travelling on the track will influence the

resulting electromagnetic field.

However, the principle of alternating magnetic poles produced by the same line of the
conductor arrangement at each point in time has the advantage that the resulting
electromagnetic field strength sideways of the conductor arrangement has a very small
intensity which decreases rapidly with increasing distance to the conductor arrangement.

In other words, the oppositely oriented magnetic fields in the regions of the line are



The at | east one |line conprises an inductivity which is used to transfer
the electric energy to the vehicle or vehicles and further conprises a

| eakage iWOQ2O10/03139§ whi ch does not contribute to the en®CHEPRGAISTI to t he
vehi cle or vehicles, wherein the |nduc;éV|ty i s conpensated by a capacity
or capacities located in the same |ine %o that the resul ting i npedance of
the capacity and the inductivity is zero. Such a zero inpedance has the
advant agg, Ehﬁ‘tbo&&?sn&@ﬁ&}é &%@Wén@éorﬁﬁ%s%bésééadﬁ‘dtﬁer”Sfﬁ'chﬂ@Qesﬂ%Ie to
therefore, the desig he active power conponents I1s mnimzed as well.

Pr ef er athaye vsrv $realé@le@trfem¢9w@c fiekstisnathanaty sides obihettrack| it isqugfesrdt he

el ect i cgOREYE lcast Gd IMRLR TREIeER afcforaarmpgéﬁ\bhf.x RGitdd iRAnARY TRALS

wher ei n eap(ﬁ ['i ne segnent extendsmaf) a different section of the track

and can the tragk woreein the seationstaf t@%kf@rﬂh'@h?x@ﬂd traes\arsrly tq frapel disggtieRt s. Each
line se d |H%'~W3r‘z¥nfépﬂgﬁé aﬁ%uéo&flutﬂita*ﬂoWor%l"E& oB@&r%'tRé‘éaé@"ﬁwShth@Xt end

transversely to the travel direction. Correspondingly, an enbodi nent of the

met hod ctmbrma;\ef@rrmaeb%ﬁ apd isrlightly nelingdgFerespandingdihe cespgctive heazeTtal”
i ndepend@gﬂ%\% f A Ilﬁgge&fohgrinégdi{o %mhgﬁﬂ& %&or‘(tﬁhh%&éfo?é retéifdd @ns of

the trac are occupi vehi , are provided wth energy from
the el edhe ﬁtsané@wd%?dhatém Hﬂ@}@ﬁmtendm in @ hoigental plane; dhgsame anrdagtat | east

SOme Segﬁb Q?sc'e fat fHéGirécR‘?é:iéaFl ugulagfl)?oﬁ'@ra 19 SHEOGSATIy3roft tHeHiR Soheé
switched off. As resul 0SS uring the operation of the systemare

r educed. PeFegntagasmaiirclinglign ¢féhﬁ,|tf$@h%’ﬁtf§gggih|el5@’ tgetoomees%@mqf {he pgnetic
unnecess%r &p‘,ﬁ; uc fields are avoided. It is particularly

preferred that e sectlons of the track are shorter than the length of a
vehicle on the track in the travel direction and that the systemis adapted

to oper agifcd ﬁ'iéche'ldqln%%t% SiHbR4ys &qhéwa&;@e \BR) sthall® Pé@r@ﬂr aCEJhktér}eE 8

vehicle I's occu respective section o where the line
segrment the Vﬁb'élﬁtaé(ﬂlg srqmeéaaﬁlE;W fimE vgblgﬁéﬁgsS uhderrthe sidepays magnetissiiald | i ke
in tunn ) t I wi tched on, the vehicle shields the
envi ronrqré%tngwg}r%ﬁ:tﬁg%teg%{f%tr%gg%rp?éﬁﬁsel d which is produced by the
conductor arrangenent. Preferably, only segnents are operated which are
fully ocgkimidith BVa aaef.emam speféne%embadimbﬁﬁasén%ﬁﬁeﬂhé@&rttheele%lrfang the path
of travel - the operated segnents do not extend beyond the front of the
vehi cl e eondueter ﬁmnmeéﬁextse%alengme tsack i@ serenfishimanser, Tresestippe Af ng
process tﬁ@ynmm@x&éﬂd ifhe ditdtloh Bt e SrcBRSERS é@!&h%s%ga%\eﬁcﬁ&hed of f.

Pr ef er ab t he occupation of respective section of the track

vehicl e ‘M'H9h petends téem%ferseimtoﬁm tfﬁYﬁJIdH?CtW whiehe it tumys éolweﬂe?@émehm or a
current éé&tué#ﬁ/hlch%&te?ﬁg eiHe difek6dh 6f5tra%lﬁﬁg liR¥s }n'a%%tréé{lﬁ‘zeew%bfég of the

vehicle to the |line segnent and/or which is caused by el ectromagnetic
fields produced by the vehicle. Correspondingly, a neasurenent device may

be connegiethdrdssitin sBRRhti* o0 rstifigs hé\ﬂﬁ% 2 QURRAIBnfigUrslicH &Rd/¥r havingy ural ity
of or all of 'the line segnents is connected to a nmeasurenent device and/or

to the sdrightsactionswithtshgely bent trensitiop aenesdpveighbevingsestioge(Whigsextendyr e

adapt ed i 08l fiektid)CSPAGMRR LGS Ak ptrér@né@ss@fedétthwp.%@ga %r@ﬁomg‘eﬁdu@ck by
a vehicl e by detecti'ng a voltage and/or a current | i ne segnment which

IS causef@dﬁ/ i nductive coupling of the vehicle to the I|ne segnent and/ or
whi ch is caused by el ectromagnetic fields produced by the vehicle. The

system may be adapted to switch on a |ine segnent before a receiving device
of a vehn@agiculsr, the pbirghnhgse Riematings eurend in BRAIPGY obihe SPRAYHY AERNGRBIPNbf t he

track WhighGuddian dibGroneielt whse WARALRSVes in or opposite to the direction of travel
with a velocity proportional to the distance of consecutive magnetic poles of the line and
proportional to the frequency of the altenating current. Preferably, at least some of the
sections which extend transversely to the travel direction, and preferably all of these
sections, extend over a width which is greater than the width of a receiving device of a
vehicle on the track for receiving the transferred energy. For example, the width of the

sections may be greater than maximum width of the vehicles which may occupy the track.



For exanple, the length of the |line segnments may be di nensioned in such a
manner, that at least two of the |ine segnents are covered | engthw se by a
vehi cl e oNO2h/BI¥SKk, i.e. the mnimum | ength of a vehi ®CEEPRO0VIE6IBI ack i S
twice as long as the Iength of one Iing, segnent (preferably, all line
segnents have the same length). As a result t he receiving device or

recei ving devices of the vehicle for receiving the transferred energy my

be | ocatgge 5&5&%&9& @mseeme% .s%a{ths atERbfhcdrient %%Mqhmugﬁqﬁé on.

Furthernore, It preferred that only I'i ne segnents are swtche whi ch
are full %ecampreduw gnearty haneogenous intensiy pf th@rmgs@t'@flﬁkérm henggionhese ent

that a Vtﬁglrgée@vlﬁgﬁdmhbpgetﬁ&%@gl on above a particular line segnent can

be detected (as nhentioned above) and this |ine segnment is switched on, as
soon as the vehicle enters the regi on above the next following Iine

segnment. 5 flﬂrﬁ\eﬁﬁ%Bglh@Jt Mf thla' Pﬁeﬁ?&rmé%éd of ﬁe%é&hﬁﬂeﬁt‘( dn QRfrektRsithat tH@h' cle

| eaves the regi on above I ne segnent. Preferably they are switched off

bef ore t3eynating mameaﬁgelﬂ Imtansly '%@v@rt@ra oNer ime- W\@ thistgaahdhe in$uct or
ar r angengleo RAEMEd /RS ﬂ@f(sltémamgoameht)%nsﬂﬁ£&9Hn@go&res wWhYPNE %d&&}a& té he

vehicle enters or |[eaves a particular 1ine segnent, can be perforned using
one of tfRed theninesyvithyan alerratias curmaat. Sieraean value obwhichds equstartéer near¥nd of f

Corresp%%wbxndépeﬁdeﬁt%fwm Rkhid rset SRRl I el S8&rS BStdueby, Wherein

all lines in other sectrons can be svmtc on and of f together.

Enbodi meatranggmentio-he vekiclgforite theprebigles on W@éfr%"kon wi Il now be described
with reference to the attached figures. The figures show Fig.
lschematically a three-phase conductor arrangenent whi ch extends al ong a

track, FAgpording i 2 preferreshemberdimant efithe ACepnsiant-eurrentsputsggih cemprises an
t hr ee- phas&ScdtbrhRgement which transforms AC voltage to AC current. This electrical

arrangement may comprise - in each line - an input inductivity at an input side of the
constant-current source and an output inductivity at an output side of the constant-current
source, wherein the input side is connected to a voltage source, wherein the output side is
connected to line sections along the track, wherein each line comprises a connection point
between the input side and the output side and wherein each connection point is

connected to a common same star point via a capacity.

If only one vehicle or power collector is powered by the primary side power source (which
is feeding the conductor arrangement) at a time, a constant AC voltage can be applied to
the track side electric conductor arrangement altematively. Because of the presence of
one vehicle only, any interferences of load distribution are avoided. In this case, the AC
current through the conductor arrangement (which is caused by the constant AC voltage
supply) depends on the load strength. Therefore, the electrical losses of the primary side
electric conductor arrangement are load dependent and the current is not constant, as in

the case (described above) of a constant AC current supply.

The energy source (or power source) may be (this also applies to other embodiments of
the system) a conventional inverter for producing an AC voltage from a constant DC

voltage.

Preferably, the electric conductor arrangement is located under the track, e.g. under

ground.



arrangenment according to Fig. 1 as functions of tinme, Fig. 3magnetic field
lines of a magnetic field, which is produced by the conductor arrangenent
accordi ngvoaow/ 31593, while a receiving device of a vehi eC&EPZWHO6EBED above
t he shown region of the conductor arrapgenent, wherein the direction of
travel of the magnetic field distribution extends in the plane of the
figure fromright to left or fromleft to right, Fig. 4another diagram

showi Ng Rcdofd V\%Eb Me érhsomnﬁftnétnrfés%f%Murﬁrbﬁa§e %mﬂ&&%mg&&enw@duct or
arrang enent, ile is connected recel vi ng device in the

vehicle. cqringctega?ta.sé?grpamtémmed@ewﬁ%ﬁmne@m tg eppf2 ot hR RRNSICIOR RORE g et i ¢
wave progkesss &Nnﬁ&?t&élﬂﬂ\&b@rsﬁr{a?@lﬂ?ﬁ@imc@#u@&gtlérﬁ‘% sdrfilfarfshsgoWi ng t he

novenent of the receiving device due to the novenent of the vehlcle on the

track, nﬁgl'zwds@wmmetg tbe behavioyr, céaa%wpm* pharesd® RYMEeHIC. berthARlhent

accor di Nghds@s BhBly the WM EFdchivE lmam! aﬂuofueh a'bfé&u%@ LRSI i§ Qiphase ¥hik an
el ectrical arrangenent which is t ransf or m ng a voltage of the source into a

const ant befween thethhages fior examplsiie the casead ajthteg-rhase ébﬁﬂ%ﬂ@rpfmﬁ?aﬁh@éﬁent

120°, as usual. The alternating current in each phase may be a sinusoidal or nearly
sinusoidal current. An additional advantage of a star point connection is that no backward
conductor to the power source is required. All connections of the conductor arrangement
to the power supply system can be made in the same section of the track.

The at least one line comprises an inductivity which is used to transfer the electric energy
to the vehicle or vehicles and further comprises a leakage inductivity which does not
contribute to the energy transfer to the vehicle or vehicles, wherein the inductivity is
compensated by a capacity or capacities located in the same line so that the resulting
impedance of the capacity and the inductivity is zero. Such a zero impedance has the
advantage that the reactive power of the system is minimized and, therefore, the design of

the active power components is minimized as well.

Preferably, at least one line (and preferably all of the lines) of the electric conductor
arrangement comprises a plurality of line segments, wherein each line segment extends
along a different section of the track and can be switched on and off separately of the
other line segments. Each line segment usually comprises a plurality of the sections which

extend transversely to the travel direction.

Correspondingly, an embodiment of the method comprises the step that line segments are
switched on and off independently of the other line segments, so that vehicles at sections
of the track, which are occupied by the vehicle, are provided with energy from the electric
conductor arrangement and so that line segments along at least some sections of the
track, which are not occupied by a vehicle, are switched off. As a result, losses during the
operation of the system are reduced. Furthermore, EMC requirements can be met more

easily, since unnecessary electromagnetic fields are avoided.

It is particularly preferred that the sections of the track are shorter than the length of a
vehicle on the track in the travel direction and that the system is adapted to operate (and

in particular, to switch on) line segments only if a vehicle is occupying the respective



Fig. 7a circuit diagramshow ng a receiving device of a vehicle having
coils for three different phases, wherein the receiving device is connected
to an AC/WGQeorwst9sr, 18 Fig. 8a rail vehicle which isPCrapeédiong3on a
track al ong which a conductor arrange t extends, Fig. 9a-c three
consecutive points in tinme of a situation in which a rail vehicle travels
on a track, wherein the track is provided with a plurality of consecutive

l'ine Se%ﬂé§o%e%a%QWi‘\HFéfH6 Inﬁé%@&ﬂl@ﬂﬁﬁﬁoca‘t’!?ﬁ&ﬁo@ othehrJe' n@%me'i (6an be
sw tched on and off for providing the vehicle with enerqy, 10an

ar r angenBi$eMe; Gases fke ip tunelssidewaysel) thedrmsikare awitthed o, \r fhgh'a'dé. rcuit
di agr am @b eAvirsHHBHEFRM MRk RUBIRGhefd ﬁlﬂ&lmihfbﬁ i$ B%ﬁ'ﬁce [r?é dnidlgtoFonduct or
arrangenent conprises |ine segnments which can be swtc on and off,

arrangement. Preferably, only segments are operated which are fuIIy occupled by a

vehicle, i.e. — in lengthwise direction along the path of travel - the operated segments do

not extend beyond the front of the vehicle and do not extend beyond the end of the

vehicle.

The switching process may be controlled using the line segments which are switched off.
Preferably, the occupation of a respective section of the track by a vehicle may be
detected, in particular by detecting a voltage and/or a current in the line segment which is
caused by inductive coupling of the vehicle to the line segment and/or which is caused by
electromagnetic fields produced by the vehicle. Correspondingly, a measurement device
may be connected to at least one of the line segments. Preferably, a plurality of or all of
the line segments is connected to a measurement device and/or to the same
measurement device. The measurement device or devices is/are adapted to detect the
occupation of the respective section of the track by a vehicle by detecting a voltage and/or
a current in the line segment which is caused by inductive coupling of the vehicle to the

line segment and/or which is caused by electromagnetic fields produced by the vehicle.

The system may be adapted to switch on a line segment before a receiving device of a
vehicle for receiving the transferred energy enters the section of the track where the line

segment is located.

For example, the length of the line segments may be dimensioned in such a manner, that
at least two of the line segments are covered lengthwise by a vehicle on the track, i.e. the
minimum length of a vehicle on the track is twice as long as the length of one line
segment (preferably, all line segments have the same length). As a result, the receiving
device or receiving devices of the vehicle for receiving the transferred energy may be
located in the middle section of the vehicle in lengthwise direction. Furthermore, it is
preferred that only line segments are switched on, which are fully covered by a vehicle on
the track. On the other hand, the event that a vehicle is entering the region above a
particular line segment can be detected (as mentioned above) and this line segment is
switched on, as soon as the vehicle enters the region above the next following line

segment.



Fi g.

travel

llan arrangenent simlar to the arrangenent shown in Fig. 1,
schematically illustrating a conductor arrangenent between two rails of a
rail way, WogoioiBssosagnetic field wave which is noving i RCTHER2@008©8¢ on of

of the vehicle at a speed of v_M Fig. 13a schematic view of a

recei ving device having wi ndings or coils for producing three phases of an

altemating current,

Fig. 14a side view of the receiving device with a | ayer

conpri si m;ovdwgw Iiﬂ@lsagﬁ\eﬁfs #r8isWitciigfoff\béfBreltht YERRISBEARSS the Fdgidh SboveQtAe Of

5a top. view showi ng schenmatically the coils or w ndings of

nt Paeferably they are switched off before they are no longer fully covered by

t he Iayer Fi
Fig. 13 g sep
the vehicle.

If the conductor arrangement comprises more than one line, detecting the events that the

vehicle enters or leaves a particular line segment, can be performed using one of the lines

only. However, the other lines can be switched on and off correspondingly, i.e. the

conductor arrangement comprises sections, wherein all lines in other sections can be

switched on and off together.

Embodiments and examples of the present invention will now be described with reference

to the attached figures. The figures show:

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1

schematically a three-phase conductor arrangement which extends along a
track,

a diagram showing alternating currents through the three-phases of the
arrangement according to Fig. 1 as functions of time,

magnetic field lines of a magnetic field, which is produced by the conductor
arrangement according to Fig. 1, while a receiving device of a vehicle is
located above the shown region of the conductor arrangement, wherein the
direction of travel of the magnetic field distribution extends in the plane of the
figure from right to left or from left to right,

another diagram showing a region of the magnetic field which is produced by
the conductor arrangement, while a load is connected to the receiving device
in the vehicle,

a diagram showing schematically the movement of the magnetic wave
produced by the conductor arrangement along the track and showing the
movement of the receiving device due to the movement of the vehicle on the
track,

a schematic circuit diagram of the conductor arrangement according to Fig. 1
which is connected to an AC voltage source via an electrical arrangement
which is transforming a voltage of the source into a constant altemating
current which is fed into the conductor arrangement,

a circuit diagram showing a receiving device of a vehicle having coils for three
different phases, wherein the receiving device is connected to an AC/DC-

converter,



and the position of the ferromagnetic slab, Fig. 1l6an altemative sol ution
of the arrangenent shown in Fig. 15, wherein the ferromagnetic slab fully
covers t EO20WA386F95t he coils or windings, Fig. 17a vari RAT/EFR000IGE6930
arrangenent shown in Fig. 16, wherein e whole area which is covered by
the ferromagnetic slab is used by coils, Fig. 18schematically an altemative
solution of the receiving device, wherein each phase of the w ndings or

coils comgrases 4w vehlch Wrikh kg mumpfanvdﬂ@é&d dloryWhieR B-conausbF i cal
behavi our of the parallel lines is elimnated by a differential current

transformer for ¥RWePIRALeXterdy. 19schematical ly a detail of the
ar r angenmgigt 928 0VRrdecdnsBeutiv8 potin tidk &f £&itda86@& M Whith aUail @sHiclk tRVSE @nmer

and the two |ines of a phase, . i . L
a track, wherein the track is provided with a plurality of consecutive line
segments of a conductor arrangement, wherein the line segments can be
switched on and off for providing the vehicle with energy,

Fig. 10 an arrangement similar to the arrangement shown in Fig. 8 including a circuit
diagram of a conductor arrangement along the track, wherein the conductor
arrangement comprises line segments which can be switched on and off,

Fig. 11 an arrangement similar to the arrangement shown in Fig. 1, schematically
illustrating a conductor arrangement between two rails of a railway,

Fig. 12 a magnetic field wave which is moving in the direction of travel of the vehicle
at a speed of v_M,

Fig. 13 a schematic view of a receiving device having windings or coils for producing
three phases of an alternating current,

Fig. 14 a side view of the receiving device with a layer comprising the windings or
coils and with a ferromagnetic slab on top of the layer,

Fig. 15 a top view showing schematically the coils or windings of Fig. 13 and Fig. 14
and the position of the ferromagnetic slab,

Fig. 16 an altemmative solution of the arrangement shown in Fig. 15, wherein the
ferromagnetic slab fully covers the area of the coils or windings,

Fig. 17 a variant of the arrangement shown in Fig. 16, wherein the whole area which
is covered by the ferromagnetic slab is used by coils,

Fig. 18 schematically an alternative solution of the receiving device, wherein each
phase of the windings or coils comprises two parallel lines and wherein any
non-symmetrical behaviour of the parallel lines is eliminated by a differential
current transformer for each phase,

Fig. 19 schematically a detail of the arrangement shown in Fig. 18, showing a
differential current transformer and the two lines of a phase,

Fig. 20 schematically the three phases of the receiving device, wherein a capacity is
connected in series to the inductivities of each phase,

Fig. 21 schematically the receiving device, wherein a capacity is connected in parallel
to the inductivities of each phase,

Fig. 22 an arrangement similar to that shown in Fig. 20, however, the three phases
are not connected to each other at a star point connection, but constitute a

delta connection,



Fig. 20schematically the three phases of the receiving device, wherein a
capacity is connected in series to the inductivities of each phase, Fig.
21schematWoabioo3ti®é recei vi ng devi ce, wherein a capacit pCrErPeeafe@sed i n
parallel to the inductivities of each ase, Fig. 22an arrangenent simlar
to that shown in Fig. 20, however, the three phases are not connected to
each other at a star point connection, but constitute a delta connection,

gi-?v::ldgd @%ti‘ﬁ artha Be8Agthe AAWRANIIM Fig. 90, ivevBPWRY Blpadities afd@Rfkieliapd ar e
distributed among each phase,

Fig. 24 a receiving device with three phases, wherein the alternating currents of the
phases are converted into direct currents and the resulting converted direct
voltages are added to each other and the sum voltage can be used to drive
any electric load within the vehicle,

Fig. 25 a receiving device, wherein the alternating currents produced by the three
phases of the receiving device are converted into a direct current and the
direct currents are added to form a total current,

Fig. 26 an arrangement comprising the receiving device of Fig. 25, wherein an energy
storage is connected to the receiving device and wherein the arrangement is

adapted to interrupt the process of loading the energy storage.

Fig. 1 shows a conductor arrangement which may be located underground along a track,
for example along the rails of a railway (see the arangement shown in Fig. 11, for

example). The rails may extend from left to right in the view of Fig. 1.

Fig. 1 is understood to be a schematic view. The three lines 1, 2, 3 of the conductor
arrangement comprise sections which extend transversely to the direction of travel (from
left to right or right to left). Only some of the transversely extending sections of lines 1, 2,
3 are denoted by the reference numerals, namely three sections 5a, 5b and 5c of line 3,
some further sections of the line 3 by “5”, one section 5x of line 2 and one section 5y of
line 1. In the most preferred case, the arrangement 12 shown in Fig. 1 is located
underground of the track or in the sleepers of a railway so that Fig. 1 shows a top view
onto the arrangement 12. The rails may extend from left to right, at the top and the bottom
in Fig. 1, i.e. the transversely extending line sections may be completely within the

boundaries defined by the rails (see also Fig. 11).

For example, in the manner as shown in Fig. 6, the three lines 1, 2, 3 may be connected
to a three-phase AC current source. At the time which is depicted in Fig. 1, a positive
current 11 is flowing through line 3. “Positive” means, that the current flows from the
current source into the line. The three lines 1, 2, 3 are connected at the other end of the
arrangement together at a common star point 4. Consequently, at least one of the other
currents, here the current 12 through the line 2 and the current I3 through the line 1, are
negative. Generally speaking, the star point rule applies which means that the sum of all



di stributed anong each phase, Fig. 24a receiving device with three phases,
wherein the alternating currents of the phases are converted into direct
current s WAARtIWBS198sul ti ng converted direct voltages ar@Caddewnesodach
other and the sumvoltage can be used 5P drive any electric load within the
vehicle, Fig. 25a receiving device, wherein the alternating currents
produced by the three phases of the receiving device are converted into a
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arrangerrent is adapted to interrupt the process of |oading the energy
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Tp, the pole distance. Within the region between these consecutive sections 5, there are
two other sections which extend transversely to the direction of travel, namely section 5x
of line 2 and section 5y of line 1. This pattem of consecutive sections 5, 5x, 5y repeats at

regular distances between these sections in the direction of travel.

The corresponding direction of the current which flows through the sections is shown in
the left region of Fig. 1. For example, section 5a carries a current from a first side A of the
arrangement 12 to the opposite side B of the arrangement. Side A is one side of the track
(such as the right hand side in the direction of travel, when viewed from a travelling
vehicle) and side B is the opposite side (e.g. the left side of the track), if the arrangement
12 is buried in the ground under the track, or more generally speaking, (at least the

transversely extending sections) extends in a horizontal plane.

The consecutive section 5b consequently carries an electric current at the same time
which is flowing from side B to side A. The next consecutive section 5c of line 3 is
consequently carrying a current from side A to side B. All these currents have the same
size, since they are carried by the same line at the same time. In other words: the sections
which extend transversely are connected to each other by sections which extend in the

direction of travel.

As a result of this serpentine like line arrangement the magnetic fields which are produced
by sections 5a, 5b, 5c, ... of the line 3 produce a row of successive magnetic poles of an

electromagnetic field, wherein the successive magnetic poles (the poles produced by



For exanple, in the manner as shown in Fig. 6, the three lines 1, 2, 3 may
be connected to a three-phase AC current source. At the tine which is

depi ct ed WO 2BI031505 a positive current |i is flow ng thPEUHFR2009/66930
"Positive" neans, that the current flog fromthe current source into the
line. The three lines 1, 2, 3 are connécted at the other end of the
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The serpentine like lines 111, 112, 113 are located between two rails 116a, 116b of a
railway for railway vehicles (such as regional or local trains, such as a tram). The
expression "between" is related to the top view shown in figure 11. For example, the lines
111, 112, 113 may be located below the level of the rails 116.

Each of the lines 111, 112, 113 comprises linear sections which extend transversely to the
direction of the track, i.e. the longitudinal direction of the rails 116. These transversely
extending sections are connected to the consecutive transversely extending sections of
the same line via longitudinally extending sections, which extend in the longitudinal

direction of the rails. The transversely and linearly extending sections have a length LB,



21 section 5a, 5b, 5c, ...) have alternating magnetic polarities. For
exanple, the polarity of the nmagnetic pole which is produced by section 5a
nmay correspent/@159a specific point in time a magnetic dPEBIEP20000069%9Mi ch t he
magnetic north pole is facing upwardly,_and the magnetic south pole is
facing dowmmwardly. At the sane tine, ﬁg magnetic polarity of the magnetic
field which is produced by section 5b is oriented at the sane tinme in such
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| ocated below the level of the rails 116. Each of the lines 111, 112, 113
conprises linear sections which extend transversely to the direction of the
track, iAsfollowefroorthe tigi dependentsliadram sbbwnlire Figa?| the cugentsiirough thensver sel y
ext endi i xtendlng
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extend igurmené | ongi tudinal direction of the rails. The transversely and
linearly extending sections have a length LB, 22 which is preferably at

| east as large as half the distance RB between the rails. For exanple, the
di st ance- RB2nky intig12 denrgiel that ¢he sarpemtingrlike fiaes 1.ah Sferms indpuctiviiesndi ng
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As shown in Fig. 2, the peak current value of the currents may be in the range of 300 A
respectively -300 A. However, greater or smaller peak currents are also possible. 300 A
peak current is sufficient to provide propulsion energy to a tram for moving the tram along
a track of some hundred meters to a few kilometres, for example within the historic town
centre of a city. In addition, the tram may withdraw energy from an on-board energy
storage, such as a conventional electrochemical battery arrangement and/or a super cap
arrangement. The energy storage may be charged again fully, as soon as the tram has

left the town centre and is connected to an overhead line.

The bent lines in Fig. 3 are field lines of the magnetic field which is produced by the
sections of lines 1, 2, 3 shown in Fig. 1. Fig. 3 depicts the situations at four different points
in time which correspond to “0”, “30”7, “60”, “90” on the time scale of Fig. 2. The time scale

of Fig. 2 can also be interpreted as a scale showing the angle of the sinusoidal behaviour



The transversely extendi ng sections and the |ongitudinally extending
sections of the sane line are connected to each other by curved sections.
The curvawvorelogstiv9dsponds, for exanple, to the curvat ur @CofEP2008I00EB& havi ng
a radius of 150 mm Figure 11 al so schgyatically shows a shaded area 118
which is covered by a coil of a receiving device of a vehicle travelling on
the rails 116. The wdth of the coil is equal to the |engths of the
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the situations at four different points rn tinme which correspond to "0",

"30", "@be functions ofp eere of amelestramageet Fig. 2. The tine scale of Fig. 2 can
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behavi our 23 of the currents, which nmeans that Fig. 2 shows the behavi our
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induce current in the conductor arrangement of the track. In addition to Fig. 3, Fig. 4 also
shows cross sections through electric conductors 41a, 41b in the regions 7a, 7b, 7c, 7d of
the coil 7. In region 7a, 7b, a current which is oriented upwardly out of the image plane of
Fig. 4 is flowing at the depicted point in time. On the right hand side of Fig. 4, where
regions 7¢, 7d of coil 7 are shown, the current is directed downwardly into the image plane
of Fig. 4, as indicated by crossed lines. The electromagnetic field (illustrated by the field
lines in Fig. 4) which is produced by the coil 7, is symmetric to the border line of sections
7b and 7d, since the amounts of the currents in sections 7a to 7d are also symmetric to

the border line.

Fig. 5 shows another cut along a cutting plane which extends vertically and which extends
in the travel direction. The wires or bundles of wires of lines 1, 3, 2 which are located in
sections of the lines 1, 3, 2 which extend transversely to the direction of travel are shown
in the upper half of Fig. 5. In total, seven sections of the arrangement 12 which extend
transversely to the travel direction are shown in Fig. 5, at least partially. The first, fourth
and seventh section in the row (from left to right) belong to line 1. Since the direction of

the current 11 through section 5b (the fourth section in Fig. 5) is opposite to the direction of



In the left of the four partial diagranms of Fig. 3, cross sections of
transversely extending sections of lines 1, 2, 3 are shown. Reference sign
"11" denovexotwmsivarrent 11 which is flow ng through a PCAFPR@OHEIIP0
extendi ng section of line 1 and so on.,Jhese transversely extending
sections extend perpendicularly to the 1 mage plane of Fig. 3, wherein the
image plane is a vertical cut plane through the arrangenent 12 of Fig. 1,
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t he conddcd BY” indicales diatfig. Srshows & lingcseament atrirangsment 12ithe 'estgttFPfQNh'@,h al so
shows ¢ r|9%§u§lqstw|€é'%1et NEBHE betwREh thiee CBASHIGEIR frarkl@rsefildktémiind'SedtiBBs ONS

7a, 7b, 7c, 7d of the coil 7. In region 7a, 7b, a current which is oriented
upwar dl yof@fineghererigeilrage plane of Fig. 4 is flowing at the depicted point
intime. On the right hand side of Fig. 4, where regions 7c, 7d of coil 7
are shown, the current is directed downwardly into the inag Iane of Fig

4, as i nthecrangepient shawe figfeconmmprises|aceandyfigpaangement 183104, 186+ at ed by
the fi e'\ﬂ’hlbl‘\ ey Herlhg'cgndtﬂ‘}or"g?f'aﬂaer'n%np‘r?gé&?cﬂn?lb £i§€1.9R bkdef to 5Row YHBREL i C tO
the border |iné of sections , since anounts of the currents in
sect | onselgetrie propartigs cequivalent cirpiit syrebalparerserdn Kigr 6] Theethreg-ghase systam

anot her {44 184 Ot @ rfed pHa8 BHBAR IW"!QCI@ ﬁ%%&% ‘QeBtTr?@i'nh&e%Wtd\G&M’tfés

extends in the travel Jrsrectron he wres or bund wires of lines 1,

3, 2 whi¥rhephasesdared armdenaied BhbpbfLP?th3 Whish ptodl@e tlze alertEemagneatisd

t ransvergdd fort@ntBRing! drfdy 18anY vehicRVéH th@rtr%cﬁh%\}e? thofnewPer Iwed of Fig.
5. In total, seven sections of the arrangement 12 which extend transversely

to the tfomRsisedeakageiinsvctiyiiesskiinhs?-s; g3 '"Q'Camd ip em 18&1"1 Figt ByTherhe first,

fourth qn%eaﬁﬂt%rﬁfhhéﬁﬁhbﬁmésﬁs bbRpéRtdd B)PE%da%ftrTesTGMrCﬁﬂi‘tdkﬁﬁhﬁé‘ﬁhésq l'ine
|. Since the direction of the current 11 through section 5b (the fourth

section 4.3 35 ghow)iniblockd98site to the direction of 24 the current 11
through the sections 5a, 5c (the first and the seventh section in Fig. 95),

and since the currents |i, 13,12 are alternating currents, the produced
el ect r onHYHRIEFIEC RRGWY WNighI§iUsed tnProRkCRitheelqGtigmagnetic tigjds indines 15328 vw.

The vaveydrgraled 8y adnley- p?t%se Rlbl?ader%dﬁéé 1’01t Wh@fphhg@s&fr&é’é‘ﬁ?mm]sas ave Lp. The

cross sections shown in % r resent recervrng
{2965 rf\efg

devi ce dlengtaddpy ¥1 eVQAM%'ﬁ bi%kﬂroav'é'l‘ff PW&UPW Y giliges b2 t3r%f9el and at a

speed viygRebdby Uhmtqrsqtte%qa?éso&oéf B odnﬂéétééft@ﬁ\etrﬁﬁut theonétaﬁbaywena line
segnent of arran%{nrrent 12, the whi is equal to tw ce

o e Ayt 6 it oaire 402 Rpopbeted F%/“@)&aéﬁ%ﬂ'?f’g'"st&‘tki T A

line, hegg dut ldtueoflsouT&emg rhertﬂ.ﬁeﬁetr1 srbomare Yehé@ted TREOSPElrfetits SreC@ndisnt or
arrangenent ic he conductor arrangenent 12

, may
accor di reyer §me; tyderendently ptibe et"ngé/tWP*t ﬁéﬁ"sﬁ"@étf?q"c"’iﬂsob@r it@&NY equi val ent
Circui t GHdRobs trfaneadksr&ﬂthb Zd:dtgrdeQ)f cghﬁaﬁth{uﬁ%npgtﬂﬁ&a S5 tRsd e 1694, 105

carries phase currents hases 1, The ‘i nher ent

i nduct i ViaMrIiSesfn ¢3ah 'tﬁﬁa% 85329" input @%CEV'HMét b%a WaL'ﬁtlthe Oytput E'HS afhech

produce {fifcet X ChNMSE ¢12,3 donfidrides @h Jufdtt HdRIEMVIH Y 1812 Y 3b Inde¥wehi cl e on
the track. However, the lines 1, 2, 3 also conprise |eakage |nduct|vrt|es

Ls1, Lszthejirputapd omwet wduetiyities. eachdine1lo2. 3 is Enpected trACoMRRILEIAtROBto Y he

i nduct i Wi} beaph&tyc@meney ed by capacities Ckl, Ck2, Ck3 in the lines 1, 2,
3 as shown in bl ock '103. The electric energy which is used to produce the
el ectromagnetic fields in lines 1, 2, 3 is generated by a three-phase

vol t age [guy skowdd c.rJJied %’Iﬁﬁfof%‘hbﬁrﬁa@@eﬁ@ht Whigh PRRRSI084tEd ﬂ-ﬁ@ QbRidietyhiofl, V2,
V3 in block 101. The ed voltages in the lines 1, 2, are denoted by
u, w2, igtraveliing op Fﬂ%‘@%’ks'&ﬂﬁ é@a“@’ﬁ?ﬂt (FeEPELS %Wﬁ%‘ph?ﬁﬁt'{ecﬁ'ﬁ"“g device for
constant current source 102. An output of this source 102 is connected to
the capacities in block 103. At the output of source 102 the currents 11,
12, 13 are generated. These currents are constant over tine, independently
of the energy which is transferred fromlines 1, 2, 3 to any vehicle on the
track At the |nput srde of constant current source 102 the source 102

o res M



25 receiving the electromagnetic field fromthe track and for producing

el ectric energy therefrom The receiving device conprises one coil or an

ar r angenewo 20fo/38895s for each phase | a, 2a, 3a, wherei nPCHEPC@0I086930 €
denoted by L71, L72, L73 (block 201). Lxn the enbodi ment shown, the phases
la, 2a, 3a are connected together at a common star point 71. Leakage

I nductivities (not separately shown in Fig. 7) of the phases la, 2a, 3a are
CO”DenS%EQvi% tﬁé‘@l@ﬁﬂr&dﬁ&ne@l%ald@?&n tr@t?ackaa?\d%%dhéln@le[é%h’ruc%@n%rgy'rhe out put
side of the receiving device 201, 2, where the phase currents’lsla, Is2a,
| s3a ar eherefipm. iThe rpegiving 11%\/%139@%%&%%0;\@ Brares TRAMPACPISJOE BTNt |

di rect %Harsénlta} ZQ%VWhE%ﬁn @Q?t;oulg_aﬁ‘e %oiédjgy o71,172, CRNWRsdk&01708 thes

connected to |ines 76a, an i nternedi ate circui The [ines 76a, 76b

are conrRfBbeAMeRt showm. Htermasw a3 @ PeResiasiesetietata eamman sAPeint by

"204". The L@b%‘%eﬁh&uéti@ﬁgs (" 's@ﬁ‘arg%‘fy Qﬁ)vﬂ‘f iﬁ‘Fl%Qq o’l"‘lﬁerbrﬂgéé gy, 24, Bhiafe t he
vehlcle s de a resistance nay be connected to

the Ii ne@"m?d‘satﬁétwd?p?ﬁ@eﬁ ﬁ?br%lcé-{@ea‘éﬁh‘?}@t“ b'°¢_'ﬁ %92 i ndi cates that the
| oad RL may cause a vol tage drop, wherel n Ul is the voltage in the
internediate circuit for exanp Fi 8 shows a track 83 (here: a railway

track halheRpteywsideefthy regeiving q!%v' 1h283 Wiera t'ﬂer phaseyureatselr.d$2@.81, such

as a regsedate Q‘H)Wn‘ iR Fid. 718 BSrectdPloarPACHA (aﬁ@?na?h@c@ﬁéﬁ'?gﬁga@un%hgm
conprises an el ectric conductor arrangenent &dt uci n
P

el ect r orfeferec203. dhg DG-side ebghetqoamrﬁ%rr%ﬁngw é)"??n aﬁgﬁbaf @Mon t he
track. ThenheddlcdiRuit. &fr{eamﬁe %Et 76%9aﬂe~°ooﬁhé>é't@d &P&“d%th&ﬁhé ¥ snFo%Eh|ﬁ§< anpl e,

t he COI’]JUC'[ or arrang enent %/2 eSI as shown in I g. . he” conduct or

ar r angengapaci8oCldasg 'f@ﬁaée%‘h\p 04s The Qﬁ%@“r logd r wiftigfe s tbs, prﬂwtied)wrtp epgrdvhe
exanpl e Gkfivhe \Féh'lzdlegrs d%)nofa%yb;résmcedwad@bgfwm iy RAKReEESWihe | N

particular in the case rai’'l ways having two rails on which wheels of rail

vehi cl edinggy6paof6b °ftth%'%ﬁlﬁ¢@tt% eireyit: iy dndigateshat Hie Ipad B#éﬂaYaWG ayr ound

bet ween |dig éal'dps\A/Pl@réuh@dllﬁﬁ%lvoﬂég@lnrtﬁé ||M@r¥ne'ﬂlél§l%ﬁéwtf8|‘ e%ﬁﬁléy above
ground, but under the railway sleepers. If the railway sleepers are nmade of

concrete for exanple, the sleepers or the other construction for hol ding

the rail ﬁ? r@yhm khelesd plers: ARMAGAY trsewm.ﬁétw& m@lmcml &Jau%.a& )t/)b igne or

| i nes of The conductor_ arrangenent  extends. Thereby, the rai

const r ucragsrbonag vekickedde sueh apn aegional pHbligtEanspart R Afesianed ser pent i ne
shape. The track bound vehicle 81 conprises at its underside a receiving
device 85 for receiving the el ectromagnetic field which is produced by the
conduct oFhex@Fagesant shawn camerises@s slesitic aendustor agangemserider predueing @dnnect ed

to an ongbQrirhdgrietiefitin ﬁe%&%hgfe%gg&etr&?‘fo th@%eﬁik@(btnrthé tagerhe Wwhich is

I nduced 1 n the Teceiving device 85 may be distributed within the 26
conductor arrangement 89 is shown schematically. For example, the conductor
arrangement may be designed as shown in Fig. 1. The conductor arrangement 89 (and
this applies to other arrangements, not only to the example shown in Fig. 8) may be
located underground or above ground. In particular in the case of railways having two rails
on which wheels of rail vehicles may roll, the conductor arrangement may be located
above ground between the rails on the level of a railway sleeper, or partly above ground,
but under the railway sleepers. If the railway sleepers are made of concrete for example,
the sleepers or the other construction for holding the rails may comprise holes and/or
cavities, through which the line or lines of the conductor arrangement extends. Thereby,

the railway construction may be used to hold the line(s) in the desired serpentine shape.

The track bound vehicle 81 comprises at its underside a receiving device 85 for receiving
the electromagnetic field which is produced by the conductor arrangement 89. The
receiving device 85 is electrically connected to an on-board electric network 86 so that the

electric energy, which is induced in the receiving device 85 may be distributed within the



vehicle 81. For exanple, auxiliary devices 90 and propul sion units 80, 84
for driving propul sion notors (not shown) in bogies 780a, 780b having
wheel s 8380 28B831®8c, 88d nay be connected to the distriPOHtEPRINIHGNDr k 86.
Furthernore, an energy storage 82, suclgas an el ectrochem cal energy
storage or an arrangenent of capacitors, such as super caps, may al so be
connected to the distribution network. Therefore, the energy storage 82 may

be char gefidwsi. %r%ﬂ@ﬁmﬁbé é@ﬁﬁdryeév.eas dd18nd Eﬁ)%méidﬁguﬁk@\eocm fdriiripmgt i cul ar
during stops of the vehicle 81 on the trac Wien the vehicle 81°is noving

on the tnraetvés'oa"psa@rts (Bot shewnpindingias Hi0ae A8Rhaving Wheels 8a.tfbd 886 880ve t he
vehi cl e @dy H@Boﬂ%d(&&tmﬁé%trftfuﬂaﬁ h@@voﬁ{‘% BlurhbRhGBEaN énéy stiragd g2 same tine
the energy, which is received by the receiving device may contrlbute to the
propul siieh as an elegttpchemical enasey F1Eags QAN ATanEeBIRat ofyCaPRFIPIS.BAICh 38| | ust r at e
the concgpkr &épsan@?%%@éorﬁfet:@aqsw&.s%aﬂ&pﬁm\%ﬁa THefSE ! ABENBRYyCh can be
switched on and off so that only sections, which are swtched on produce an
el ect r orfdefAge B2 maybeicharged by thet energiaieseined by dhegpceivingideviceninqagticar

vehi cl e%mﬁts&?pstdfwvehw@ 8% AR ﬁﬁcm/vﬁérgthe%eﬁ.erévaﬁswﬁmxl trackZa T3,
14, 15 which are arranged in a row of successive se ment s alonﬁ t he track.
A vehi c|Rarbef the pepulsionenarginyhics is nesdsdite meveihe yehie ?é&l{namw hdrawsr of
the venhidm ety §t%Fé°deV82n£1dj§Nh€ §§m8~rﬁ?ne tRe BnéfgyCwhichis RickA/8d BPtnaini t's) f or
receiving el ectromagnetic field produced by the 'Segnents are provided. The
recei vi Mgceisng device ;uay wskyibyig tofae pERUIFRhI-© JBY E@§a"\%8}ee?'ﬁpﬁ"ﬁ'§f' one of
the deviges ); S necessary for operating the vehicle. This increases
operation saf ety. However, the devices 95a, 95b may al so be non-redundant
devi ces which nmay produce energy at the sane tinme for operating the

vehi cl e. FiGloney fiustrath tﬁ@bﬁorﬂ%BP@ﬂa EdhduBlo? afr8Rgemdritat 2@bnipfising seBforkRiwiele

devi ces 95 may not produce electric energy. Instead of two receiving

devi ces,canthe switehed 9"@9 @WP?@'W@OF‘%G@I'W A vétehed en pradkice @N| owi ng

descri ptél@&r&n?ég?a%ﬁéfnél@ iftbidel RESEh AR rANG the Vel ol UMIcled Bn thietrs@se t hat
t he vehicle has just_one receiving device. According to the exanpl es shown

in Fig. Bheexamplesefdiia 9 shaywisagmentsnht A8 To4. T8 V‘{'Wé‘ FRFMENGLH IR W 9a t he

vehicle o?%u@&és@%"s%g%ﬁtstél thakr. el ements 12, 13 and partly occupies the
track above elenentS Ti and T4. The receiving devi ces 95 or the recei vi ng

device are |ocated al ways above el ements which are fully occupied by the

vehi cl e.p {Bisieiod, bl é‘saéﬁamb%qm@ﬁ—ng A tﬁé %é@%d@?ﬂd&ﬁ%‘ﬂ tH\RHRE 82 Wi 9
devices to the nearest end of th 7 vehicle in Ie[gﬁg W se direction is

gr eat er 'epeiMing evicen §%a b (exdwo siftarentunits) foneceyinguiediomagngtiglieldnt 112,
In the sj rBél'@ée'dQ% tRE sgbrﬂent%a&re bRRi oee'deWﬁé‘Fe%e-an d@l&‘s@Sﬁv‘Q%:Hﬁg pan and all

ot her elenents are swtched off. I'n , where the vehicle
92 ful | yegendast égv'me V\thesﬁﬂkwbmofeme demices wectf%saah&m@aratlpg the Yshidecupi es

the tract,@heMases eg&%oﬁr dafef) PIBRBUerl the RVida8 ©8a U8y B¢ Aiseite ndiecause the

receiving devices 9 he receiving devi ces have/ has alreadélleft t he
regi on dB6yrdant daviees which may ripdyrerneray lithe same dime fonereratingtheshicleas t he

vehicle IIIérWé\)érQFﬁlﬁp'h‘a’Fpéﬁ'ﬁ thig @hse tﬁmweatshsn@bﬁﬁs @Tevﬂaés o3 sy ridt ?P&mc@hen

t he el ement IS Sw on is shown in Fig. . However, 'in the nmeantine
el enent efectrgenerapuinstiead efiwe seeiving devices, the vehucle may comprise more receiving

devices.

The following description relates to all these cases and, in addition, to the case that the

vehicle has just one receiving device.

According to the examples shown in Fig. 9, the vehicle is moving from the left to the
right.,In Fig. 9a the vehicle 92 occupies the track above elements T2, T3 and partly
occupies the track above elements T1 and T4. The receiving devices 95 or the receiving
device are located always above elements which are fully occupied by the vehicle. This is

the case, because the distance between the receiving devices to the nearest end of the



Fig. 10 shows an arrangenent which is simlar to the arrangenents shown in
Fig. 9. In fact, it may be a different view of the sane arrangenents as
shown i n Wpgo10319éwever, Fig. 10 shows additi onal part CHEPRING/006930
arrangenent. Each of the successive seggents 103a, 103b, 103c of the
conductor arrangenent for producing an el ectromagnetic field is connected
via a separate switch 102a, 102b, 102c for switching on and off the el enent
103, to @hidhk i |erﬁyimk@.8 dirb&idnh§ gFeitér thon ﬁmetléﬁ_cﬁﬁbp@é’&\eséﬁnﬁé?ﬁ BAtHeEDNAUELENT
system the mainline 108 nay conprise wires or cables for each phase. The
far end ¥fanggEephi Wi ne 108 (at the right hand side of Fig. 10, but not
shown) may conprise a common star point of all three-phases. On the
opposite site of the mainline 108, it is connected to an enerPy source 101,

such as 'PRee sityating ehEiat Sadbe plemegits 52,01 1reSswitched amangall olshAle
The NMagNEf 16 6 $RitSHEGH. 'Iﬁ‘FE; b, wierb $hd V&lél@@ﬂ”f&llyr&cwﬁ&?tﬂyt%ﬂk%v@y at

| east two phases of a conductor arrangenent extending along the path of
travel dflempats\i2niT3apd neary fully pesupies the task abeveslemen i Slgmentsk: in Fig.

1 may pridincivitchRed YR chlsdih- rededvind BBviB&Y 938%@'@@?\?@9 JeliSeSHdvNelsng in
the travel direction of the vehicle (or opposite to this travel direction).
The ver t3lteady lefi the regien gboveelemen B2, and elespent 4 with ba switehed @ as seRedsi ty

B(x) . ThfeVBNigleGQITEdcEERSs Miebio‘ﬁ%ﬁb@b% aemeRfT 4 atidstite, WheA itk E0MRNE Ses
negatlve ol es as i ndi cat ed he wave i s propag tlng at a veIOC|ty

v_M Thel4/|sydtched gn mhewequfy g. 195 HW@@& indhe @ﬁgmﬁn@rﬁ' Vi has beeg. 1)

mul ti pl i &ehohbd Beft he frequency of the alternating current or alternating

vol tage of the conductor arrangenent, for exanple the conductor arrangenent
shown in Fig. 1. However, it is not necessary that the conductor

arr angeriq?t 1(C4HBNS a'?rf3§rréhg°efnférnt RARIchis Enidr totthé a%ﬁéerﬁ@ht@%héwh I‘h Figde. 1h) - Ot her
configurations are al so possible. For exanple, instead of the star point 4
in Fig. fact itimay bherdifferenpviey of dhe srme grABgenBeNta as BN hbigsP+dOweNEs: to t he

pover sufgl 4 $HdWR additionBESAFR & thd BRamieNRInt AR of th@&dobeevé@ygrhm@n
alternating current line or, alternativel irect current |ine.

In the cHda 6@3%183¢ewe<9eﬂ¢%@ramem¢etépawgﬁﬂp@g@ﬁcﬁéeewoma}s:@et'?ﬂeg 9, 2, 3
may by %ﬂ@@t&@@laté)séﬂb‘?a@@mﬂﬁbzéUﬂf?b)’m&ﬂ‘@ré/Wl?ehﬁn A 6PMEsIbREnat bot h
ends. For exanple, the di stance) between consecutive

t he pol e
secti ons1® tq %é‘a@'&'ﬁﬁ d@@o‘ﬂ tg? P%?Fgef( ?’i‘trqup'éﬁﬁg ligenating suentsysied) ey be in

the r an%amfméhde ma%%olqapﬂ},@m}eé Beém@meeséh @iasteh\rh@fatreha%t tHeOm&ilinent or
e range of to 10 so t hat he propag ation

vol tage nay be in t
Vol oolS G ot oy ioBbhan SHOGF Bl 4 SR oL MY OURKAD 8. COBTSEEBERNY - ¢ he

vel oci t Yofia} tlﬁ?é@fbhabéﬁl@n M%pwe :Mfé'd?%é hafiiné 168, ViEiBicBhRedétlto #Pererg@sul t,
the different windings or colls of the receiving device of the vehic e\MII

produce $avEcesHie sHEh avthestangement agroyding to blgekst 101 @412 shew insBigeb-manner |
al t hough they are located at different positions in |lengthw se direction.
For exaqggg if the conductor arrangenment shown in Fig. 1 is fed by a

t hr ee- phEgemagnadiciaverfpownrin Eig 12 hthedpspltingwaye ?@PB‘Fﬂd heideat v ent s have

a corr espoRdi Boa BYRARHAnbhgehBhiSex@didirtaIBhg MHet (it 8t ird\@1 61 &BhRIeC #Br be
considered as a system of corresponding rotating pointers in _a_conplex

pl ane. mem%éwpwgiugm@aénmemhewn.'@F@cﬂmmeamwhgm"PE'q: . 13 may

be used i ﬁ&%hbéﬁaiu&‘ﬁ ICSREANnGIn t'i'lEQra%IQﬁrteE:ﬁtmi&rtﬁé veh.abqbﬂoaﬁas&@ td fhls
produced by the conductor arrangenent along the path of travel.

recei vi nigpvgbdireciophdhe yaflicalads B f '%tr@dsﬁl%a%i’fctheé'ﬁg@ﬁﬂ%f'?'ﬁ "?tﬁ’és'?ll Ef(é):t i on
of traveihd Whke Mﬁbr?s‘égtp%'sltl% bsue& a8 ”ndléhté:d %1&3% eaﬁhpnéascﬁegeh.w p6ist @gds

transversely to the direction of travel e vertical direction in H
13). Pr dngicatsfpy tbnEhewaxe mw%gaém@rﬁawﬁbmlthvawhﬂaq velpgitv_M isirauahig t he

cor r espajftienle EHHIEH @éhownnﬁwgferf?munfpﬂe@wuh%ﬁéd@ﬂ.@ﬁaﬁm& akemafingn Fig. 1)

whi ch extends al ong the path ravel is also extending in a horizontal
pl ane betustent ﬁ@alfﬁr%m@gdp tageaf the gondyaterarangemgpte for seamplentbe cepH Py

devi ce 246hfy8HRht Sitwn RFGEN0iHMWeVEr, ﬁthenméerﬁm\méébnﬁuaor 13, three
phases, each having at |east one |ine 9 shown in Fig. 13, 15,

16 and 13rranggaenpeRiBRIses @ Harkroint §|9n§19e5t15”i’f§"‘9‘ 'nfc's 1910187 epnfiovrationsiect ed

to a congmRisy fssBR. Fbr éXenplEl0NE48a of ﬂ\kts@ér’wm\ﬁnﬁlj 4t {HeNmed 228 84n be
possi bl e. For ‘exanple, as shown in Fig. each ase ma nprise nore

t han onecqnnpgted |aﬁb@ﬂa@p@seamwsstﬂmp?\ﬁerﬁl@pwl@e E%}e@“afee¥hwvb%rsgppwl
lines 9, 9a; 10, 10a; 11, Ila for each phase. As shown in Fig. 22, it is
not necessary to have a common star point of the phases. Rather, the phases
may forma delta circuit.



29 Due to the magnetic coupling (in other words: inductive coupling)

bet ween the conduct or arrangenent which extends along the path of travel
and t he rwoepw/oigssdevice of Fig. 13 to Fig. 26, alternaPChgEreaegss UL,

U2, U3 are induced in the phases of thgarecel vi ng device The magnetic
coupling is synbolized by letter Min 13 to Fig. 26. O her than shown
in Fig. 13 to 26, the receiving device nay have tw phases only or may have

nore t hametrhéyese BRaREPatirfPcuiMind Br, Eltgmaen ly, &l bel® dR8d Gient iHe. If g | i nes

9, 10, 11 of the receiving device my ext in‘a serpentine manner in the
di r ect i g1esef adifgel curept Ipnet the prpesite %!H’éh’f Henlines Js 2¢ Jaayibyrcoppesied iothe

However D@%O%P!‘.‘(ﬁbﬁlﬂlr@ Ha aHC/Aﬁ'&Hvéﬁ&Sat%otﬂgndsl#of@bémpl@'tﬁ@l@\gsﬂi/?ﬂ)y or in

addltlonto he serpentine configuration - formclosed | oops shown in
t he si ddtha FEQAP gistanicg) between gangechtive sactipneohthe éPWWéOf@éR?PSémﬁﬁS/a'@&Q thed

Wi thin qodif¥eravdfhagtd @ il @Rgs BROATn ROdn 3Ad Eectith8yd! the afteiig

parallel to the plane of ayer nmentioned earlier,
preferréﬂ’f@ﬁh?”tql\tégﬁmé@ ipfthe @9?&%*"'2091%5”6150@% %Esﬁ’piﬂit'%ktend in a

(near | y)veity %OmitRhy Bé ﬁfﬂtﬁe rJé]Sn 59@00’ h\%’% )] krE/bQCoHs%quEht@/ tHveldityfis 9. 17

show that the Size of vary npar ed to the area 308 within

whi ch t Haugh wgaergharme VPioqiv 0%/ the we@m %"‘h@sd’efﬁﬁ'é'b theydifferenbyindings\ariedilhg f or
recei vi Wtﬁ@%élvmg%&%r&mﬂema@mi ;ﬁeau&rmer&smeco&mﬁlp@wePnﬂhey aRly, the

| ength of the body 211 in the direction of travel (wh i's indjicated in
Fig. 14 pshyctad inothe samednangeraithoagh thea.%aiq%@dta%éﬂ%wepﬁwow int he

vehi cl e)ehgthlselfigefiords | arge as the area in which the lines 9, 10, 11 of
the recelving device formloops or winding for receiving the field energy.
Most preferred, the length of the body is substantially the same as the

| ength qforidhbimpRl iffhe &Ha&a&r Mrt%ﬁnietnt 5o ﬁ'\flﬂ rﬂ@ féé’@%attr%eyﬂh%é of this

area is substantially equal to dt h of t , as shown in Fig.
16 and Rlgmating cqrﬁentawt?amra@é differentgthage cafreraﬁ@éh%ﬁtcorrgsaqwngtMESﬁéaa% of

the 1 oopg; s%smm&mg&aﬁ.h&euﬁém&f&snfse%ﬁs.aé@d%raosﬁebnwf EitedpBRgiRg nurer al s
231, 232 in"Fig. 17) are also covered by the body 211 and, therefore, the

el ect r orfalptieg peinterainia sewaleX#BNey the ines 9, 10, 11 is shiel ded from the
interior of the vehicle if the body 211 extends in a horizontal plane

bet ween the receiving device and the interior of _the vehicle. On the other
hand, asThexgreaiviig dexise 280 whidhys sebematically shown i Fig. 13 may bediyed 1o ra56iY8I es

the Tiel e lbhBRY Plnd NECHFEMUEHGLE iESHHN BRFod 1A B B AAABRENESRent30
along the path of travel. The receiving device 200 comprises an area 308 which extends
in the direction of travel (the horizontal direction in Fig. 13) and which also extends
transversely to the direction of travel (the vertical direction in Fig. 13). Preferably, the area
308 is extending in a horizontal plane and the corresponding conductor arrangement (e.g.
the arrangement shown in Fig. 1) which extends along the path of travel is also extending

in a horizontal plane below the plane of area 308.

Within the area 308, the receiving device 200 comprises, according to the example shown
in Fig. 13, three phases, each having at least one line 9, 10, 11. As shown in Fig. 13, 15,
16 and 17, each phase may have a single line 9, 10, 11 which is connected to a common
star point 122. However, alternative solutions are also possible. For example, as shown in
Fig. 18, each phase may comprise more than one line. In the example shown in Fig. 18,
there are two parallel lines 9, 9a; 10, 10a; 11, 11a for each phase. As shown in Fig. 22, it
is not necessary to have a common star point of the phases. Rather, the phases may form

a delta circuit.



efficiency of the magnetic coupling between the conductor arrangenent al ong
the path of travel and the noving receiving device of the vehicle. It is

al so prefwonret/wihs®s (as shown in Fig, 17) the whol e ar eRCHiiPeInIige93dver ed
by the ferromagnetic body 211 conprise%Ploops or wi ndings of the receiving
device, i.e. the whole area can be used as receiving area for receiving the
magnetic flux of the electromagnetic field produced by the conductor

ar r angensiy tothe AhgnBfic Bsghng {in b Hord iRt bdupliRgribtEerd the dnbilistbent

phases of the recelving device conprises |ine sections of the w nd| ng or
coi | whi¥TRNgRMeAtwhich sXtpods aloygtthﬁ palb of traveland the fecepingsdeviagRf Fig-rf

sect i onSF@fzed Iaftéﬁabﬁﬁgi vcnbgsemaug ds %?é lnaué&ﬂmqn@ aaaée%f RN @cBividg aelwe

recei ving device in irection of travel wherei n these sections form
a row of §@&}l°|‘-‘@ép'$'l9c'§|SMW§°'M¢dtWée'éﬁfr"é&F'Sn1%¥° Fige®®l in the same manner
as descri bed above for the conductor arrangenment which extends al ong the

path of travel. This nmeans that the altemating currents which are induced
by the &Pbef V@ﬁé@ﬁé’ﬂl"&ﬁgr 43 &p 26.dhe resgiving dayicedpay have WorrhasesRBIYiaT Maxy

nei ghbowdvednseGharPihtecdpitasegnsi dered, thereby produci ng opposite nmagnetic
pol es. Consequently, the magnetic fi eI ds which are produced by the

di fferent phases conpensate each other, even at |ocations having a short

di st ancead gndwifin'i d§'d|'3n9@ 95 aR@iFig 16f thtehﬁeg 9C 0, il thkeNcBRing!devRRhay ul ar
the magnetic fields conpensate each other at short distancés in an

di r ect i d¥tendinaAeReNting npanwer indthe dirgetiancafitgelyntil they mees eagirolier altheon

per pendi Gaf @Hintt 122! ABwbVEIISs BhGIPIng. f?hﬂweVIﬁfeE'Qcﬁb M gt 'aﬂé‘rngflvél 8rihmage) .
Fig. 18 schematically shows the inciple of using two” parall i nes for
each phaaddition te the $Qé'§%"ttﬁer@"ﬂ@vﬁﬁ@ fore closed IgaPsnci pl e can be appl ied lithe
phases are not connected to a star point connection 122. As shown in Fig.
19 for one of the phases (for exanple for lines 10, 10a), both lines extend
t hr ough Ahghawit ierthe sidg yiaw eifiaf 14, theolines ok dirctereiving sigvice gnayseittend withip ési t e

di rect i Qfyeri208-andhfsihb SRspettidel) 29R EndiPéRbhEin aeblﬁﬁé\’ﬁﬁfaﬂel% @néﬂahn@af el el ,
but anti - paral lel in the region of the transforne 8&218 coupl es

t he magriayere0f; s mengengdearieridis areferredthatihe PI@&?S ahghedasfqré ?0d ohthe he
par al | el pgeyra1qndxtend idGthddhy) hdrzontapmERnsated. Fig. 20 illustrates the
principle of conpensating the inductivities of the phases of the receiving
device The total inductivity of each phase can be split into a main

i nduct VTﬁeYtoIahue%vsadfd:n 13 FRY 16 BHH‘FWQ Mi7ishoRthateR& 8EE of Vi1t ¥mdypusty The
mai n i nducti vit e art of total inductivity which is nmagnetically

coupl ed §a5RaMRd e@&eb? wrﬂaﬂg‘évme\kn%ﬂ Eg(t1ér?<§§‘eaﬂeﬁﬂ'§'“9h’€"198tf‘l’f"‘bf

travel, |Bygs brswiR@ing 'F@rVrbBélvuhQ ttﬂa ﬁél@)éﬁérgg'of ﬂfétéléﬁirongb‘ﬁeh@ﬁélb Pr%ﬂ#ﬁ&lthhéy of
each phase i s _conpensated respective capacity of th hase so that

the 31 lpeathiof m?gqum?éaarms!@ ¢'secm of t@w' fwhichoiz dndisated fobia- i‘h ¥2Q2amoW t he

i nducti Vr‘n&bkeef\mtﬂhﬁ%embicﬂﬂn ﬁne' VBIGERPBE thedlehitld)Vs SBBAGtIdsYargd4s thé8rea in
i nduct i vi ty of phase |ine i S.conpensat ed by capaci. ty 215 and the

i nduct i Whigh mlma§e194hboffneépqey'wﬁm?sfam PaRy oF Mingting for seggiving,the

resul ti rgeiyohdrg %Q?r RBd the 1dn@tHbMAL Body |sFH"uB§1Qn{|éI Qfie 98me Haahe fehgth and
reference poten 37 are denoted in Fig. 20 by U (t), U2(t), LB(t) in
order t Pfithigiaf@® e that the series connection of the inductivities L and the
capacities 214, 215, 216 shown in Fig. 20 produces phase voltages haV|ng a
constant_anplitude, if the non-noving conductor arrangenent is fed b

al t er nat Fyithesmeree fiis prefarieg thaldha widthof tiserea sisubsipniialiceaual o teamAth F. g.

21, the tﬁa%dygwmwnn <Fi HBRnl Higt! 171 THe'advatithge &fsu%ﬁ%h d?mgemeansbe
achl eved be/q?connectl ng ase to reference potenti al via the

r espect i that thahgads of tQEZPOPEE wingdjgs (twe opingdeads Pf%‘?ﬁ’?t%%fe&f%?e 11(t),
12(t), | r?drﬁérals%'i' 932 #IFih ﬂﬂ?)ca?é 8isb f&aberbblb's‘: tRbSdy 2i1 &) BRGEfofd) thd

i nductivities and conpensati nggcapam ies wll produce alternati n&@phase

cur r ent selestraseaanetinfield aspducgd &y the lingsd. dOndl isivelded e dhe mtends of € pri nary

si de of \Fé”l‘ﬁ‘cl@‘f%fétEﬁmﬂ%ﬂt@ncfshﬁbdwohﬁorftﬁFbI% @étwééiﬁ mmbe.og.gcaéwcerahdhnal ng a
constant anplitude. pri mar e is driven by

al ter nat'N?@O(/%ﬁ tf‘adéh'ﬁ'&vpﬁdh%o‘%hE?%@s%'la?/’leﬂ@é’m’? HecnmeptiRn ‘(‘/UP {: 998 of the
phase |i@eHodf21#lmdicskha fifRdinds 6Pihe trmddnetBREIdt WHE therefore increases the



In the delta connection shown in Fig. 22, the capacities 214, 215, 216 are
al so connected in series to the inductivities of the phase |lines 9a, 10a,
1lla. Depewi@inty/sm595he i nductivity of the phase |ines 9aPCTER200208693GNd
further depending on the intensity of e received el ectromagnetic fields,
hi gh vol tages can be induced. A maxi mum val ue of the induced voltage can be
defined, such as 1 kV. If the induced voltage is expected to exceed the

Maxi Mum gffdisiee ﬁl‘ﬁﬁé”'&agﬁéfcaéduﬁrhd)ﬁetkﬁén HRCQINALBBr SRXhdemerit aﬁmgqn@samfl ng
capacities 21 are divided into partial capacities and these

parti al tl%’ﬁh%"dihéé“@’r"ég tecsivingsiavicg i Misnyehidke course of the phase |ines 9a,
10a, 1la. For exanple, as shown in Fig. 23, the conpensating capacity my

be divided into two partial capacities 214a, 214b 215a, 215b; 216a, 216b
and one IbE alsaeprgtarmeddhatdas slown insFig 1A thewhale apagwhich ineeveredhy the t he

term nalggm 9&a§#@.&%§@1hloﬁﬁ$a@@s lodP&or Jdﬂﬂdﬁlg@'&?ltﬁeh@c&{nhﬁrdepéét idkhecapaci ty
214b, 215b, 216b is arranged at a | ocation of the phase line 9a, 10a, |la

whi ch diWhele arearan; bedired;as regeiving afen foffeasivingabe magpetic flaxofthe connect ed in
each Cas@e&?orﬁé%ﬁe@@ﬁélé iphsucBl BY M SorfiucioP 8rrRRgERedtiality the pathdriteel. f or med

by two di odes 20 which are connected in series to each other. The term nals
of the phase lines are connected to a |ine section of the bridge which

connect 9Pr%¥§?a$l¥“ba@h%¢'ﬁr% d%@ereﬁrﬁnég@b @faﬁfé reae.&.hg déaa@ cSPRsdsAin@-sedfiodst

respect lve correspon ing termnals) hase |ines are connected in

series tthe Miprdingemwil w ?’ﬁé’?%?@sveﬁ?é/ ‘Brth%IQE%CtQD of travelpwbeeinthend of each

phase | 'éé%tu@ﬁ@of%&?@&t;ﬁ\%séé‘a%@thb@tbd Taﬁwo%ciﬁb Rh® of te ?élﬁfvir@ﬁ!é%é ihgs 361,
362, 363, 364, as shown in capacities 217, 219 are

connect edirechopafrisaveband wherew lgpwg@@was fceatawroamfs@nrse%'ve $ﬁetwsc'aﬁ&cu ties
will S”QRR:QUM‘& tHv%anLtﬁé 'ssma nsannbhﬁs Gééﬁfsbd\é%&@ﬂ%@wrﬂ%&o}aﬁa drigrds of

each phase. As shown in three capacities , 19 are

ef f ect i Wenigh eétﬁﬂ@fc@leu the @agh pEtayed Huigmegps that Hmalteﬁaat@e rcyerg%rvm'ﬂgare
vol t agesnikhed(by)the %%(r&%agﬁ@l%(ﬁeld Aai el iR d%egtéczﬁféchané NBvd REi§RodUImges are

added together.” The total voltage is denoted . Despite the
smoot hi rgcliessRptoRsideredythershy produring oRPosie magoell'q %@@s L(JB{’IS?QH‘%!“M the|

fluct uat ma&.eti%erawm& 8 &r@&&hwtﬁé e:ﬁ%&eﬁ Bhagiai &h\;ﬂeas@t@%@ﬁ Rehe?yevehe

phase lines 9a, 10a, |la and al so"depending on the electric |oad which is
connecte%th<@t'9weh@\em9@ fBP distange 49 thenwindings gr w@mﬁ\m fegeiring deyice. It t here

are only, érﬁﬂllé}hﬁw‘é%égr{éﬂé fields @ﬁ@eﬁéﬁ%@ egcﬂpbfﬁ%?aﬂ éH&ﬁsdlstéﬁ&SQh "aﬁy'kﬂre&m\/m in
Fig. 24 can be nodified correspond Inétéggl or exanple in the case of two

phase | itrRasversa e the) traysl q'mqstloeéapé‘dgt f%@“tﬂ?é’@"@é%‘@%t‘??@'maﬂﬁ@@eat t he
opposi t e3R8 veftichNfreRtiGS6f the iRgge) @ can be omitted.

Fig. 18 schematically shows the principle of using two parallel lines for each phase of the
receiving device. The same principle can be applied if the phases are not connected to a
star point connection 122. As shown in Fig. 19 for one of the phases (for example for lines
10, 10a), both lines extend through the interior opening of a ferromagnetic ring 218, but in
opposite direction, i.e. the lines which are parallel elsewhere are not parallel, but anti-
parallel in the region of the transformer. The ring 218 couples the magnetic fields of the
lines 10, 10a, so that any difference of the parallel currents I11a(t) I1b(t) is compensated.

Fig. 20 illustrates the principle of compensating the inductivities of the phases of the
receiving device. The total inductivity of each phase can be split into a main inductivity
Lh_s and a stray inductivity or leakage inductivity Ls_s. The main inductivity is the part of
the total inductivity which is magnetically coupled to the conductor arrangement which
extends along the path of travel, but is not moving in a travel direction. The total inductivity

of each phase is compensated by the respective capacity of the phase so that the



According to a specific enbodinent of the circuit showmn in Fig. 24, the
capacities 217, 218, 219 are energy storages, for exanple super caps. The
ener gy wiworoiog3sivéred in the energy storages can direcPCy/HP00093G or
operating electric and el ectronic devi? s wthin the vehicle. In
particular, at |east one propul sion notor of the vehicle can be operated
using the energy which is stored. According to the enbodi nent of the

recei Vi ngsGBNG ffpetaAWD s 22rdi 18 thezé)b(arﬁzrh@ shORS  Eib B ﬂ?éimd&&ﬁnty Bﬁgﬁés"e ||ne

connected to a common star point oppoSite termnals 373
of the phhiSeompeasatod by cepacity 244, ﬁpenww&tquaw ine @ hisceawensated by

recti f1 Stapachylaes Gl ifditlvin' dhael e #0a isTRTRSHEA DY REbEAG2 1S The
connected 1nparallel to each other so that recti f| ed direct currents
are addé&svl@j"@a@'ﬁigﬁﬁ hetweentribe tesminal ofr phase "P%F %%.rﬂ Ogelimaed fafergpes at e any

el ect 1 i Coftbntll 267 BRGhoNRYinGo. Wol Y U1 (ft)hgzgg st oreeﬁtsqea.eéteqhmn@m ty 219
is connected in parall , the capacity 219 may
be an ernt8rigy conpgdiiga of figdpduptivitips hralﬂgrﬁ@%mﬁc't@‘ﬁ Zéfi-p@r5 é—’é@§h0WBB“ %IQ

modi fi Caghahcddl pHalle vSFtafg@é'HavﬁtB%"\%ds&nF h&plltaée'rﬁthbldoH%é dc?éoﬂdﬁc%rg 26. All
parts and conponents on th 9 ht hand si de of dashed Iitne in Fig. 26
are par tarasgemest @lf?‘éQY?":?ﬁ@m Ing, cyrent haging H@ﬁ@@@ﬂtamﬁ@U@ rcuit on the
right hand side of the dashed |ine can be replaced by any other receiving
devi ce conpr|S|ng at | east one rectifier for rectifying the alternating
current iHeweNsfead gpwrhie Righ2d ethejsaee cornrensation efithe iatel inductiMgy efegachhand si de
of the d?%%@%h'b@eacme%d B cSHRBha L Bitacklte éleleheél"FBlQntlJ a7preonnect i on

points o he recelvin evi ce an the circult hand si de

of the d&gmweucaeacaw de?th @246 hTheophage qmr@r\@udﬁenpteé by 13¢), ﬂ?(&) m)éhflgal at
point N iﬁlnalcg{éetﬁafth%”batrﬁlfél 8hiffelc dvitidh aRd c@ﬂb@ﬁsa%ng%aﬁé‘&t‘néasswﬂl

oG ﬂﬁ @(g
connection consi st ng o a swt CF’I % an i nductivit IS connect ed
bet ween W'ﬁéu%ﬁtﬁé@tlnérphﬁéﬁ? AYEerNS OOoorlsLarttﬁmlqudes if s pRndyclos aganeemeRtd vi a

the i ndugf jngi ﬁr%agggld@%ﬁtﬁé' ée&l’d?ﬁ?gn%ggﬁéle id 1@ detewt%%keﬁt ﬁvﬂd‘&

circuit. Polnt 1s directl Yy connected to the ot her term nal
ci rcui t cqns@nﬁamlwé@- rHiowever,dhthemsimayy sideisgavepy ansalt?mm@stveaagﬁeh%% t he

ter ni nal § cdnstdnt a%YHhREiQ %%Joutancaeﬁadeoéfltﬁ&ph;ysea.n%e@%r P02, 494iHaS a%sm&ch i's

connected to switch via a control |ine 286. Furthermore (not shown in
Fig. 26)ameliude.ol deV|ce 285 is connected to a neasuring device which is
adapted to neasure the voltage across energy storage 223 or adapted to
nmeasure the | oading state of the energy storage 223. |f the energy storage

223 is floithg delmersmectiamshayin indig- @2, hesappeiies2thiZ! en2 areqdsq eppnected

connect i QReRel fgtﬁel\l\dugtl\ﬁﬁé%(ﬁhﬁé bRAGAINEsBaC aPAGIHEY 220 and the receiving
devi ce cannot deliver electric energy to the storage 223. As soon as the

energy storage 223 is not fully | oaded any nore (due to self-de-Ioading

and/ or bgg ;?é!%ge&?fhgyn&%ﬁwWﬁhéjgﬁééé%%g 901G 18 4K iRhed feh@nnﬁ%ﬁ hée)

control device 285 opens sw tch and the energy storage

| oaded aftEngithgf thﬁéeqee@éuqmﬁr@m@op&@flews.tw Valtageshean be 'r@ym% Pomaflmym

recei Vi ngyiQleyf thE indieed VoityR @h el dehirBINRich @sf1i 18). & the induced voltage is
expected to exceed the maximum value during operation of the receiving device, the
compensating capacities 214, 215, 216 are divided into partial capacities and these partial
capacities are distributed among the course of the phase lines 9a, 10a, 11a. For example,
as shown in Fig. 23, the compensating capacity may be divided into two partial capacities
214a, 214b; 215a, 215b; 216a, 216b and one of the partial capacities 214a, 215a, 216a is
arranged at the terminals of the phase lines 9a, 10a, 11a and the other partial capacity
214b, 215b, 216b is arranged at a location of the phase line 9a, 10a, 11a which divides
the inductivity L into two halves.

The circuit shown in Fig. 21 also comprises compensating capacities 214, 215, 216 which

are connected in series to the inductivity L of the phase lines 9a, 10a, 11a. These phase



34 Clainms 1. An arrangenment for providing a vehicle, in particular a track
bound vehicle, with electric energy, wherein the arrangenent conprises a
recei vi ngvoen100813985) adapted to receive an alternati ng PETEPRISMOGIEL | C
field and to produce an alternating elggtric current by el ectronagnetic

I nduction, wherein the receiving devicée (85) conprises a plurality of

wi ndi ngs and/or coils (9, 10, 11) of electrically conducting mat eri al ,

wher ei n |pagh é"’b&iﬂe@ﬁadqn eSQﬁ tadeat thd opgdsite bffephabé MULCHE abrRfgear at e

phase of the alternating electric current and erern a boq,\}/ (211

conpri sifagned b:eMQ)q!ra ¢ whiehtage pamnecteddnsafigfete eashwdharhEh %Ifﬁ'@spféh%ll or
coils ( 9pha1=,9 ||nés1$re c%nnl&@d % & AP SE&R BN (??fthé?rkrﬁig@dh ic\BSHHRLR thE BvdiRdE99S

and/or colls (9 are connected to a Converter (20) for converting
t he aIte?Qwatr ng current into a direct current. 3. The arrangenent of claim
1 or 2, wherein the body (211) has the shape of a slab. 4. The arrangenent
of one of clains 1 -3, wherein sections of the wi ndings and/or coils (9,
10, 11), Thﬂ#megéetth%ﬁ%m@ﬁtd@r{ﬂgtﬁhﬁ@\f@i@@t"{ﬁ egraspending éermingis)of the avel of

the vehi gHaeagk ul ddinBabe iflschilis 8364 Blnbl. FuftnBrigte B AgELat e ©

distributed - inthe direction of travel - along a | ength which has the
sane Si Z@Pé?§'t%te'pﬁ Qﬁ%aﬂhrnmséf'nft ae eanneeled imparallel Oﬁﬁ@h yb)( 2'101’§en6}§1to t he

pl ane aﬂﬁe%@’i e:kvg]ko%ﬁ %4“9% @H&Nﬁ‘ﬂﬂ#r@rzﬁ%d éa;fa%rtre&%?lﬂ-ﬁs Qﬁ@aﬂé é&rfrie@f&ded

t hroughout the e arrangenment of one I al s -
wher ei n i8@eralighte tog bﬂms\nfﬁap'hgéa%mlme@%e%ﬁ ¢apacities wijl smqqth ﬂrmﬂl&maé@eﬁu ons

extend tg %Mﬁécﬁ% Q atc'r't%sqhé Sﬁ&dpe{%rbf%facﬁ Eﬁé(s%' ASlsh h@/ﬁ iy ﬁ@ ?h Qhé'fﬁjre%’“' ch

ext end substantla conmon ane tend within't imts of a width
whi ch i scappeitios a1h r8 3119 areceifegtivady connecteddn searigs toieach gthes apd dheect i on of

the surfagRspoiindlollges LAY, Uablt), BaH(6 wHith &k F6duced by the three phases are
added together. The total voltage is denoted by Ud(t). Despite the smoothing capacities
217, 218, 219, the total voltage Ud(t) is still fluctuating, depending on the electric energy
which is produced by the phase lines 9a, 10a, 11a and also depending on the electric load
which is connected to the terminals J, K of the circuit shown in Fig. 24. If there are only
two phase lines or more than 3 phase lines, the circuit shown in Fig. 24 can be modified
correspondingly. For example in the case of two phase lines, phase line 11a, capacity 219

and the respective bridges at the opposite ends of the phase lines 11a can be omitted.

According to a specific embodiment of the circuit shown in Fig. 24, the capacities 217,
218, 219 are energy storages, for example super caps. The energy which is stored in the
energy storages can directly be used for operating electric and electronic devices within
the vehicle. In particular, at least one propulsion motor of the vehicle can be operated

using the energy which is stored.

According to the embodiment of the receiving device shown in Fig. 23, the phase lines 9a,
10a, 11a are connected to a common star point 122. The opposite terminals 371, 372,
373 of the phase lines 9a, 10a, 11a, are connected, in each case, to a rectifier bridge
comprising two diodes 20. These three bridges are connected in parallel to each other so
that the rectified direct currents are added to each other. The total current Id can be used
to operate any electric or electronic device within the vehicle. A smoothing capacity 219 is
connected in parallel to the bridges. Optionally, the capacity 219 may be an energy

storage, such as an arrangement of super caps.



6. The arrangenent of one of clainms 1-5, wherein at |east one of the phases
of the receiving device (85) conprises two lines (9, 9a; 10, 10a; 11, 1l1la)
whi ch ar ewel2enyesi®al | y connected in parallel to each ot R€I/ERa@IMN@BEIi n t he
lines (9, 9a; 10, 10a; 11, 1l1a) are copphected to the electric load in the
vehicle via a differential 35 current™transfornmer (218) for elimnating
any differential current of the two parallel lines (9, 9a; 10, 10a; 11,

11a). 7. HRRifREGGHGIAAE Circ i SHOWR i RfFlg(:lsz\ﬂﬁl %tra‘tﬁde inl§! dﬁnm@aﬁ@%@ ty (214,

215, 216) 1s connected 1 n series W n s and/or coils (9,
10, 11). ooawponﬁatsmtaﬁ@shbhﬁndcﬁldemfeth@ﬂaém%q line in Fig. 26 a@&@eﬁs otthaidfeyt wherein

a capacidpbwing Fia. %§5Ho@%\@r the &e&ns&tr%dngh@haﬁd ghé%# tﬁecaa%ﬁea life cérhsevw ndi ngs

and/or coils he arrangenent one [ ai ms -
wher ei n repl@ hniamggtf@ncﬁcewrr@diquse(@mpmmgmjea&t en%m&%rtf@drepm@gdmn

star po'é'feg‘(a}}néé)currégt prodGeedHyARE PHESY liridls. PRE ciffuitaft JPthé Ift I?and"é]&é gf n each

of the wn and/or coils”(9, 10, 11) is connected to an AC/ DC converter
(20) to thedashed lwedmﬂégtexelameénm thsmfellqmegAC/Dc converters (20) are
connected in such a manner that the voltages on the DC sides of the

converters (20) are added to each other to produce a sum voltage usable for
suppl yi nEhesiwactonnectionerciyts pbthg reesivnardeviog end therdiisuil eart ondhe teft handside

ar r angenghie aésr%eqme r&Hé‘r‘udY@d by O, X, wﬂg?éﬁ‘ Hérélé’ét B@lleﬁtuaﬂfat bbrﬁt Wl?ﬂigﬂgts
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that the direct currents the converters (20) are added to each

ot her fds ceungsted vig the ladwtivciy aa%agc} Vlacsil@da:%?q?stortbe mmsrieﬁmnﬁbl ofethe gireuit.

Point N is directly connected to the other terminal K of the circuit, the plus terminal. An
energy storage 223 is connected between the terminals J, K.

Switch 221 is controlled by a control device 285 which is connected to switch 221 via a
control line 286. Furthermore (not shown in Fig. 26), control device 285 is connected to a
measuring device which is adapted to measure the voltage across energy storage 223 or
adapted to measure the loading state of the energy storage 223. If the energy storage 223
is fully loaded, control device 285 closes switch 221 so that connection points N, O are
shortened via capacity 220 and the receiving device cannot deliver electric energy to the

storage 223.

As soon as the energy storage 223 is not fully loaded any more (due to self-de-loading
and/or because energy has been delivered to any consumer in the vehicle) control device
285 opens switch 221 and the energy storage 223 will be loaded again by the receiving

device if the windings or coils of the receiving device receive an electromagnetic field.



12. The arrangenent of the preceding claim wherein a capacity (219),
In particular a super cap or arrangenent of super caps, is connected
between the direct current termnals of the converters (20). 13. The
arrangenent of the preceding claim whegrein a switch (221) is
connected in parallel to the capacity ?%23) and wherein the
arrangenment conprises a control device (285) adapted to automatically
close the swit @ifd?l) if the capacity (223) is fully | oaded with

el ectric energy, thereby shortening the DC side of the converters
(20), and adapted to automatically open the switch (221) if the
capacity (228) Ansarmbyemtd forgrmiiding @Vvahide, iircpartiedara thaok o tiiteveMde nity s
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energy to a vehic cular ound
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clains 1 - Eé}ﬁétﬁ]lgraééﬂ% e mh&”é’{’dﬁ;gﬁi‘ in a vehicle, and

t he systemfurt rrses an ectrl c con tor arrangenent (12)
at the path of Wher&methe frcelving dewike (35 coraprises edlitaliiyotwiediags andimacpilsy9,

el ectromagnet i gg f41 bﬂel@cﬁﬁ’c fipE ﬁdﬂ@cf b¥atéiAR R bBEh WREingBR t
vehicle (81; 92) ? ° 9 ° ngl eeé:t ric cor:duct orI apggn%cg?(r%n? ?h)g)

ei :
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al ternating el eBéeinea muyr(zm ,corhpnsilrﬁ@a fekrdR@ghstic ater®) isat=Rgel MRBIhd he
path of travel 3) are arranged in such a manner

S
that they prodﬁ@émgsﬁ?d@ b% Pl't%,}n tinme while the alternating
electric current is flowing through the lines (1, 2, 3) - a row of

el ve TROTAL hfarRBhER: ﬁgc@ngﬁpﬁe%hmﬂs&ggaaa@ Sy W0, 0are)

successi ve nagnetic ernating nmagnhéetic
the row of sucewwstied toagerveiter (@@]feiscoexerémm@elauennamgmei intdiardieri on
of the vehicley(Rht 92) which is defined by the path of travel.

3. The arrangement of claim 1 or 2, wherein the body (211) has the shape of a slab.

4. The arrangement of one of claims 1 - 3, wherein sections of the windings and/or
coils (9, 10, 11), which sections extend transversely to the direction of travel of the
vehicle and which extend substantially in a common plane, are distributed - in the
direction of travel - along a length which has the same size as a projection of the
surface area of the body (211) onto the plane and wherein the windings and/or
coils (9, 10, 11) are distributed throughout the whole iength.

5. The arrangement of one of claims 1 - 4, wherein sections of the windings and/or
coils (9, 10, 11), which sections extend transversely to the direction of travel of the
vehicle and which extend substantially in a common plane, extend within the limits
of a width which is the width of an area which has the same size as a projection of
the surface area of the body {211} onto the plane.

8. The arrangement of one of claims 1- 5, wherein at least one of the phases of the
receiving device (85) comprises two lines (9, 9a; 10, 10a; 11, 11a) which are
electrically connected in parallel to each other and wherein the lines (9, 9a; 10,
10a; 11, 11a) are connected to the electric load in the vehicle via a differential



15. A vehicle (81), in particular a rail vehicle, conprising the
arrangenent of one of clains 1 - 13. 16. A systemfor transferring
electric energy to a vehicle (81; 92), in particular to a track bound
vehi cl e, wherein the system conprises hge arrangenment according to
one of clains 1 - 13, wherein the arrangenent is arranged in a
vehicle (81), and the systemfurther conprises an electric conductor
arrangenent ( 12Zurraitt ttahsfomadrii2 18) fdrlcimpltigf aryliffarettiaCerehoss tik RdURne!
the alternatin eIGF%no%a e%%c field and for thereby transferring
the energy to tHE VeRfc! %33 } wherein: a. the electric

conductor arrangenent (12) conprises at least two lines (1, 2, 3) for

carrying one Pligs Blodihfbf SAFLLIAR £ EGHekin EUEREN, o 7115101

(1, 2, 3) exten travel’,

conpri se a pl ucahiecieddt seriesttd each ¢ffe wihdlings @')dl@rmﬂs (Can@vidj.sely to the
travel direction of the vehicle (81, 92) which is defined by the path
of travel, d. the sections (5) of the sane line (1, 2, 3) are
arranged in & rdbgaapeaRganhel aneat klainie SubiexeerialaineP. witesein 2 cgpacity ¢34,

point in time mslzaewa cBhicngRtih B&a@él%ééch%fﬂiérvlhﬁdﬂﬁ?é gndldrQvAd1e i(hﬁ@pgh
the line (1, 2, 3) the alternating current owsthroug

successi ve sect lons (5a, 5b, 5¢) in the rowalternatingly in opposite
directions. 9. The arrangement of one of claims 1 - 8, wherein the windings and/or coils {9, 10,

11) are connected to a common star point (122).

10. The arrangement of one of claims 1 - 9, wherein each of the windings and/or coils
(9, 10, 11) is connected to an AC/DC converter (20) to produce a direct current
and the AC/DC converters (20} are connected in such a manner that the voltages
on the DC sides of the converters (20} are added to each other to produce a sum
voltage usable for supplying electric energy to a consumer within the vehicle.

11. The arrangement of one of claims 1 - 9, wherein terminais of the windings and/or
coils (9, 10, 11) are connected - for each winding or coil separately - to a converter
(20) for producing a direct current and wherein the converters (20) are electrically
connected in parallel to each other so that the direct currents produced by the
converters (20) are added to each other for supplying electric energy to a

consumer within the vehicle.

12. The arrangement of the preceding claim, wherein a capacity {219), in particular a
super cap or arrangement of super caps, is connected between the direct current

terminals of the converters {20).

13. The arrangement of the preceding claim, wherein a switch (221) is connected in
parallel to the capacity (223) and wherein the arrangement comprises a control
device (285) adapted to automatically close the switch (221) if the capacity (223) is
fully loaded with electric energy, thereby shortening the DC side of the converters
(20), and adapted to automatically open the switch (221) If the capacity (223) is
able to receive electric energy from the windings and/or coils {9, 10, 11).



17. A method for providing a vehicle (81), in particular a track
bound vehicle, wth electric energy, wherein an alternating

el ectromagnetic field is received by a receiving device (85) of the
vehicle (81) and is used to produce an %Iternating el ectric current
by el ectromagnetic induction, wherein a plurality of w ndings and/or
coils (9, 101 11) of electrically conducting material of the

recei vi ng dev4 @esysfa foptrandisfify blectat @ﬁlérgptoaaﬂvewdee(rsn,agzgma HieGIbF toG

cur et eVt 10 Dt el SRR S, MR 2 DOt L2 e
and/ or coils (%9nedDclaiirk)1 - 13, wherein the arrangement is arranged in a vehicle, and the
system further comprises an electric conductor arrangement (12) at the path of
travel of the vehicle for producing the alternating electromagnetic field and for
thereby transferring the energy to the vehicle (81; 92), wherein:
a. the electric conductor arrangement (12} comprises at least two lines (1, 2,
3) for carrying ane phase of an alternating electric current,
b. thelines (1, 2, 3) extend along the path of travel,
¢. the lines (1, 2, 3} are arranged in such a manner that they produce - at
each point in time while the alternating electric current is flowing through
the lines (1, 2, 3) - a row of successive magnetic poles of an
electromagnetic field, wherein the successive magnetic poles have
alternating magnetic polarities,
d. the row of successive magnetic poles extends in the travel direction of the
vehicle (81; 92) which is defined by the path of travel.

15. A vehicle (81), in particular a rail vehicle, comprising the arrangement of one of

claims 1-13.

18. A system for transferring electric energy to a vehicle (81; 92), in particular to a
track bound vehicle, wherein the system comprises the arrangement according to
one of claims 1 - 13, wherein the arrangement is arranged in a vehicle (81), and
the system further comprises an electric conductor arrangement (12) at the path of
travel of the vehicle for producing the alternating electromagnsetic field and for
thereby transferring the energy to the vehicle (81; 92), wherein:

a. the electric conductor arrangement (12) comprises at least two lines (1, 2,
3) for carrying one phase of an alternating eleciric current,

b. thelines {1, 2, 3) extend along the path of travel,

c. thelines (1, 2, 3) comprise a plurality of sections (5) which extend
transversely to the travel direction of the vehicle (81; 92) which is defined
by the path of travel,

d. the sections (5) of the same line (1, 2, 3} are arranged in a row along the
track in such a manner that - at each point in time while an alternating
electric current is flowing through the line (1, 2, 3) - the alternating current
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flows through successive sections (5a, 5b, 5¢) in the row alternatingly in

opposite directions.

17. A method for providing a vehicle (81), in particular a track bound vehicle, with
eleciric energy, wherein an alternating electromagnetic field is received by a
receiving device (85) of the vehicle (81) and is used to produce an alternating
electric current by electromagnetic induction,
wherein a plurality of windings and/or coils (9, 10, 11) of electrically conducting
material of the receiving device (85) are used to produce an alternating electric
current having a plurality of phases and wherein a body (211) comprising a
ferromagnetic material is arranged above the windings and/or coils (8, 10, 11)..





