System and Method for Transferring Electric Energy to
a Vehicle The invention relates to a systemand a
worelo®d4Pdr transferring electric energy to a PENER2089/004961
in particular to a track bound vehicle such as a |ight
rail vehicle (e.g. a tranm. n particul ar 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 means, such as other
mechani cal neans, nagnetic neans, el ectronic neans
and/ or optical neans, require electric energy for
propul sion on the track and for operating auxiliary
systens, which do not produce traction of the vehicle.
Such auxiliary systens are, for exanple, |ighting
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 vsbst@h&aﬁﬂmsihousombnéfeﬁm?saaédthwz(wérgy tda &eBichbd! V)
a track bound vehicle. Generally speaking, the vehicle
may be, for exanple, a vehicle having an electrically
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el enents may be charged while the vehicle is in
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extemnal track or line and produces mechanical propulsion force.

Trams and other local or regional trains are operated usually via overhead lines within
cities. However, especially in historic parts of cities, overhead lines are undesirable. On

the other hand, conductor rails in the ground or near the ground cause safety problems.



di sadvant age that the energy storage on board the
vehicl e needs a |l arge storage capacity. |In addition,

w0 tomwloeo49hi cl e does not reach the next coil iPCT/ER®E9I/004961
the vehicle m ght run out of energy for propul sion or
ot her purposes. Therefore, af |east for sone
applications, it is preferred to transfer energy to
the vehicle continuously along the path of trave
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The conductor arrangement carries an alternating current which generates a respective
electromagnetic field and the electromagnetic field is used to transfer the electric energy

to the vehicle.

Preferably, the conductor arrangement is located in and/or under the track, for example
under the surface of the ground on which the vehicle travels. However, the invention also
includes the case that at least a part of the conductor arrangement is located sideways of

the track, for example when the track is located in the country side or in a tunnel.



a current collector, which is used to contact standard
overhead lines or live rails is solved. As principally
waleaolosesl i n WO 95/ 30556 A2, the vehicl e whi cPCT/EP2009/004961
travelling on the track may conprise at |east one coi
and the el ectromagnetic field generates an electric
alternating voltage in the coil which can be used to
operate any electric load in the vehicle, such as a
propul sion notor, or can be used to charge an energy
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the vehicles can be produced where necessary. 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.

A segment is understood to be a part of the conductor arrangement, wherein each
segment produces an electromagnetic field for transferring energy to a vehicle, provided

that the segment is switched on, i.e. is operated. In particular, each segment may consist
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switches may serve to connect corresponding lines of consecutive segments, so that
these lines are connected in series to each other. Accordingly, in a first switching state,
the star point connection is realised and, in a second switching state, the corresponding

lines are connected to each other.



avoid this interruption, as will be described in the
description of the attached figures. Preferably,
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swighackatf i wngp T BE T estving 4éVe Fif et ing S the wath aich
corrgdponls tsthedegmenhy i nductive coupling of the vehicle
to the line and/or which is caused by el ectronagnetic

fields produced by the vehicle. The system nay be
The addteingl pto@esel\t'an Ibe @B o RRIOUBIY athedst bAe af thedidky bf e segments

e e et B BB e Ao & B8 35T g ek y
vehitlBénay be detected, in particular by detecting a voltage and/or a current in the lines
of the segment which is caused by inductive coupling of the vehicle to the lines 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 lines. Preferably, a plurality
of or all of the lines of the segment 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



segnent is |located. For exanple, the length of the
segnments may be di nensioned in such a manner, that at
wo e@sowd of the segnents are covered | engt hwPGBER3002004961

vehicle on the track, i.e. the mninuml|ength of a
vehicle on the track is twicé as |l ong as the |l ength of
one segnent (preferably, all line segments have the

same | eng tg%% As a result, the receiving device
andiogg SHFPRIgN 8 inecy otenarate Jaam; wieh Fcﬁ’“?%‘gBY WH@“W”P""Q of the
vehitledd HeClireashdPstaitioh BRMUSEY bypélatttsmadheltib ields peddiced by the
section of the vehicle in | engthw se direction.
vehiglgr t hermore, it is preferred that only segments are
smntched on, mhich are fully covered by a vehicle on
rack, On the other hand, the event that a vehicle
The .sxstém B3y hg adarted &y pwichaibe eegmentibefars P4ECeYiRg dewgeeha vehicle
for re@ViRG tHéarRETRbd (e rg ettt RNRE séhioW Y trashth Bf fravdl Where the
segnent is switched on, as soon as the vehicle enters
Segmﬁ@”?gﬁ?ﬁﬂ above the next followi ng |ine segnent.
Accordingly, line segnents are switched off before the
vehi cl e | eaves the regi on above the |ine segnent

For exampie Jhe Jenofiegf the segmptsmery ke dimsasigped t’\‘l”'é&f:hz?r rganper, that at
least 0SHthd %érﬁetﬂ@‘é% &slebad lehgthwilei by £veHidle bR Qhéiﬁékﬂd»l €& the

arrangenent corrPr ses nore than one |line, detect
ic

ng
minipwen lehathial arvehicle o thedmck|iswics a5 long raslt'%eal?éﬁthaof one Segment

(prefé?éﬂl* Gnling sb?rﬂ@nt%%ﬂ@ e sdimeIABth)EAd & reBef, m&nr@@e.ﬁn@de&.oe or
i nes ver, .the other |ines can

{
recel .eq deyies (92 %@W? 6?9%‘@%“‘& trgsiprred. e@erngan /' be located in the

mudd]@ BESOh QT t Vehidé FEIBhgthRi¥RIdireBffors Fuithéfore Vitie rpeéfarrédj that only
lines in other sectl ons_can be swt&ﬁgd on and

segBRfs AR FWiiched sndMRish e il ceyaIps B adiehists A e tg0k, R the othor

hand, IN& BYért that atvehRRSis ePRRin fthé RRyidr ét%i/ela’béﬂlcdléﬁﬁub s@@ﬁnent can
of the se rrent%é&gc;efera $/ all lines in

be delestrd {@s ymeption vea Ape i W%%ﬁam%tfﬁaﬂw@e? Frata%t ?fgm as the

vehitle Pt @biegRn-abale GRCHexPRAIIIBWINGNink isBBmehi.| e t he
alternating electric current is flowng through the

line - a row of successive magnetic poles of an
Acc&HIh@tyr mwzﬁﬁh letrﬁs S#eteévﬂtch%' effdeforé EHél W%V&ﬁﬁ@&@@@h 'afﬁove the
S alternatin oarltles e oW 0
line gm%sﬁvgefﬁ%#&v %eﬁgﬂ't‘é%ede‘)!% %?fa thay greq fogges fully covered by
the Wlhidks:t i on of the vehicle which is defined by the track

or by the path of travel. Alternatively, the at |east
one line conprises aplurality of sections which extend

If th ESHRICRIT 2frhkgdentt®niprieds mork fh@ﬁtdn@ mnefdétékﬂmgem 8Vénts that the
is defl ned b¥Pthe track or vel. In

Veh'%le@t%%gé'an%a Sadictighineseqnprat, "QF’@ Using 2Rg é’& the lines

onlyl HoweVet\tha ot} [ih&S carbé s@ftcﬂeﬂail‘ﬁind(cﬁf gorrdsbendmgy h)e the
uch a nanner t hat at each in tinme

oi nt
concHcior ARNgFIYeRY qoEArises E‘?fftPQﬁ'tW'P Wlaﬂ\kﬁ‘ﬁﬁ'ﬁﬂpﬁfﬁ?"??ﬁe@" be

swit¢Hedeor arid6if Rigbienat i ng current flows through
successive sections in the row alternatingly in

opposite directions.
According to a preferred embodiment of the invention, at least one of the lines in at least

one of the segments (preferably all lines in all of the segments) may be arranged in such a
manner that the line produces - at each point in time while the alternating electric current
is flowing through the line - a row of successive magnetic poles of an electromagnetic
field, wherein the successive magnetic poles have altemating magnetic polarities. The row
of successive magnetic poles extends in the travel direction of the vehicle which is defined
by the track or by the path of travel. Alternatively, the at least one line comprises a



The magnetic pol es produced by the lines and/or the
sections of the different lines are - at each point in

WO 20m8/0004pF1 a repeati ng sequence extendi ng i n tPET/EP2V®D04961
direction, wherein the repeating sequence corresponds
to a sequence of the phases.BFor exanple in the case
of a three-phase alternating current, having the

B 3 bt e e B RVRT v pL e AR whcn
defuiﬁe'd byDth%dréék of patf ltr%OeIC R thisi cage nhasecwwarwtﬂduaﬁne line are
ases VW|s r d several ti

ence of EH eg % mas in
a"af‘ﬂ a3 o alg B\e%‘éqﬁ’%\‘(ﬂk% the tragk) im, gueh 3 (nanner that - at each
poirflin #6é Walle aRaItématimy Glemnk:'cub@ntd@ﬂ@\fnhﬁ tieboLigh ﬂfe IWet hhe alternating
reference to the attached figures. the preferr

oo BB SUstRso s SEHANS i BN A1eMaiRgly B Bepasie girectons.

the at |least one |ine produces - at each point in tine
whi |l e the alternatln electric current is flowng. .
Themagneln PPIgE Prodyeed by %W%@@&é@&%ﬁ%@"%@ﬁ@@%’%&l'@gs are - at
eacl® boidflinQin®eL irPaRdpeating sédwnde eXteAding h theardvergirsolibN,avherein the
netic pol es have alternating etic polarit

repeaYg SRRerzE caTesHANTs 1 P sEALSsER! e Phashs: Ffisxample i the case of

a thitelpHaBaaltéfhating EGrrdnt] Wavirlgethe iphgsdd 90N Sa sed:ﬂbntdé@rylng phase U
ﬁ% tion of travel - a rmﬁnetlc field havin

is fo ‘ﬁ‘i”ngY 8 sertignramyingRhags; VeRhick Inumsisdellpwed bci/ g F‘?Cé'f’” carrying

pha$k Wegid s se‘auanéé 656ha%6§ uow, v lstné'tfédtéd'lﬁbvef‘é]'ﬂh@éﬂﬁ tﬂéydlﬁactlon
sec ondre l'i ne where t Wt]eflelol

of tqeht@a%ug% h@ tfqvg| éjrchora,rl}rbﬁaét&plq; 'tl??ed‘?ﬁf'ﬁa§$ later WI81 reference to

thegmﬁﬁgﬂmgmegf the first direction, followed by anot her
region of the |ine where the magnetic field vector is
oriented again in the first direction and so on.

In thereféaed ehibodiméHtlof Heviayentibh wmonsg ntéambnédw@béwer th*e at least one
dlrectlona the direction of th net.i c

line 95’8&’8‘?3 T At 83D RUM B iMmegvhiledhe ﬁ't‘%{f‘a'ﬂ’rﬁie prtHe °%?%"%§<Q%“t"f‘9
throGgh etiing é"rdi)@@mlcb&diber R8§helic -pofdeef bawtron%\gnbm fidldtwherein

t |
o g SRR LI5S o BB oarvors A
giveRPairt jHlié théléllemalfnbltﬁlﬁ@ﬁﬁln Qhe M Bbdlidddesinthe Hit€ction of travel —
conduct or. arrangenent further reason

a magnedf figkd havingrd ﬁ%ﬂ&fre&d Yot Spentehn 93mta'rs°t'°n in a first

regivmblCthe lie, tfbllwwﬁd by s@ébnrdhe?bh i@C{heVHnUwHe?é theefmvédt@r of the
ing e | e

t netic
magsB P Rbanta i dhebeas g aian of R eLoitaaatdalovgy by another
regiém 6f tfué!liﬁe Wher: lﬂé nﬁatyheﬁ@gdld%efor %{dr%thﬂ?rl']ﬁy%in intth& i direction and
o] .n In t|ne adv e ere
so By HBYPYTal ot Bas e SRSG 1o Sre lregHen inc s cirodion of the
magheticlfild Qectar ihndhe mwtngaegnan\oetm margslré ekéﬁtl?mﬁleht;edm bpposite
ases rapl | hCr.easl| | St anc
diregligy e crasarirai et thel et Aot MH5P8E EXaqll 1t seafier fepeating
mar@er. ArotHér fEB0A trhay hd ﬁd)rﬂisymﬁhetrhel nhmgmes obbthehkndsidii¢the

condicict ehapmans Adurher easqruzey Be exteta ARG QRRGH E Hiards. Also, the

vehigle@HittoigRGNENING oh it Bladk Wit ifFluBn&Nthedéultrigdels ctidmadietic field.
track, it is preferred that the at | east one |ine of

the electric conductor arrangenent is |located in
Howandl, @e prirdfle 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 as 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 track wherein the sections of the |ine which

extend transversely to travel direction extend in a
woeropodal plane. In this context, "horizont aPCT/BPHE9/004961

covers the case that the track may forma bent and is

slightly inclined. Cbrrespon%ingly the respective

“hori zontal" plane of the line sections nay al so be

inclined slightly. Horizontal is therefore referred. t
supgrfiapasta siskave gL e R and B Peatate Fad SR SN | desale to
hav%lgéﬂyé&ﬁlaﬂ?dn’?aﬁgn?tw@lf aﬁ@?(g’il@ Bh :bﬁmds_tidbsi dfehe &sla,ﬁthabreferred

e pa or tra I rac IS | eadl n pwar .ont a
that 5 71 55! QORAUE LIPS ST9<UH FOEURRY Prragen iy esied qLahdlef under
the fr&K Wﬁkﬂéiitn_Qﬁle @é?fo{ﬂ@ opﬁhbhinaimwié‘rf@ltdiarﬁi lbér%a/ét%élyttb Q?av?Ihdirection

caonmpensati on e mgnetic 11.€ , 31 deways o
extogaiha PaRrEa piRDet Il SRR NOSogIa BSOS PReasa it the
track ﬁ\ﬁyffdlSrYn étl’ﬁﬁl%ﬂ anﬁeiﬁ %ﬁ@'}(ler@déinbE@. Mrﬁt@?ﬁdihi@lﬁ tﬁé)r(e%b@ctivg “hc_>|_rizonta|”

venlt cle a 1l ower ana | L val u . . g, u
plan it eceguRian SRy AR Ser Rcnpa sl A i Babiers ibred to
the aaﬁifuém cage Hggthgara%k?é 8?end’iﬁ?ﬂ{@|h6|t@zdnthl @llapar Tlh@sérﬂé bb?lies to
ine B et e PS B SAVBIst ek Bt Bowahearte Bl S dewml from
the ill.r SY186 PBtEnRYES BRCIHatOR of the padt AreGlegligiBlédbr e cofmpelisation of

in a serpentine manner, j.e. sections of the line
the Wﬁgﬁﬂ'céﬂdérﬁpquﬁﬁgglﬁ ‘?aéb'ti on of travel are foll owed

in each case by a section which extends transversely

_to the travel direction which in turpn is foll qwed
Sincgdhe fleldynisnsisdeNpYRT e RBIE Brveey salRaemy et pnsferred to

the VdHiol& ht high p6ReParf ERCInit ddlugd@ss 53y foe tReXigdvedyalrhagnetic field
all lines of the ? nduct oy _arrangenment are arranged in

inteRsity s carbfm et easily 3 AWK UBe: reali zed by a cable. The

expression "serpentine" covers |ines having a curved
configuratjon and/ or having. strajght, sections .with
AcogRiiaIP s Rl dreiped rboHistertt 8t BRBkANS g i the at least one

segPBeAt df IS ele Stk @bBdctSreftangBment éxtdridsf Rdrcche pattefardveeyr track in
produce nore . hono enoufs [ rticular.,.

fields, In th
a SepanUPR ARG 4 6r TEENS I 1A Mhicb £XENG R e siEeclipn pftravg) are
folloW@ash efdtecasedyRnedibn tihichSextehds| tR@bVars@ly e theQrav@ldirection which

T S SRR v e b s AR b e o

plur§ipHaeé @_Slét&ml preferstly 8l dses taf cdriaieciﬁ'r B&?@gﬁﬂnent are arranged in this
roportional to the frequency of the alternating
ma"@‘ﬁf'ﬁi‘ﬁt"ﬂerﬂ?aé’ftéer%ﬁfﬁdf%}fa%agt some of the sections
whi ch extend transversely to the travel direction, and
preferably all of thes

i sections exs(g%ov.ra i dt h

ThelRiPrERS I8 “SrasAtoe FRNEES 1165 HAYTOHR BHVa pTtGRUATRY 2adler baving
straight $ectiehs Wit skarplyltient trasditidnozones ¢ haightsburing sections. Straight

transferred energy. For  exanpl t he wi di.h of the
soctiqne (o RSB BEcg ey PO ORHARB PSSt 1 he

vehi cl es which may occupy the track. One advant age of

the enmbodi ment. is that. the alternatin urrent  which
In DRGUST. (15 RGP G EEBRL IndREatipotl stBdng of it fPbst SR Scment
prodieE® g A eRcTomayREtR waveOkhith emoveg imedr appbsid 1 the dirdetion of travel
withrae\géISCQW\%@c?go%ional to the distance of consecutive magnetic poles of the line and
proportional to the frequency of the alternating 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.



the receiving device may be |ocated. A further
enbodi nent of the system or nethod of the present

WO pVe00G40:1 guaranties that the alternating nagP€l/ER2009/004961
field intensity is constant ,qver tinme. To achieve this
goal, the lines of the conddgtor arrangement are
connected to an AC (alternating current)
constant-current source which is adapted to feed the
lines with an alternating current, the mean val ue of

OneVddiveitagé of thesdnitiddirhenit i$) et the dltensdtiag icurremdetiemtlows thyough the

f the, power ich is transfer. ' .
cociBpp B S ey BophSe AT o S AT BER 1 Fogon where
the réebiving@vicdesay 15t Beated. a preferred enbodi ment of the

AC constant-current source, it conprises an electrical
arrangenent which transforns AC voltage to AC current.

A fuffﬁérferﬁﬁcﬁiﬁhéﬁt(bﬁhhaﬁ%swiﬁ SRERthodR)f tﬁ@ﬁ!}é&éﬁ&nv_‘edritin fgasdanties that the
lpe - an | . lndycfivit t an 1 nput sl de of tne .
aterpgi 2R P Dl EeanniavE st o aRRGS £ 09Plape fnes of
the @hdabtopdirasdenteritard Eonneetditaah-AGI(dlteniating curent) ehrastariticurrent

t he i nput ,sid ted to a, voltage

i's connec | I source
sourgn uhishs eriaptetl oy {ed dheilinesowitham alarBaind ek e fepp yalue of
whichli® ngétékft_(@ﬁﬁdhrlyfotoh%tathﬁ Iindewﬁcueﬁjup oemrpdgidawmnph tiaBsferred

a connectio oi n et ween e {nput side and the
fromiie SIROIS PaubTar ARTRETe T I, He YR o el o

connected to a comon sane star point via a capacity.

If only one vehigle. is red by the pripary si.de .
AcogrHingrto L stpared arorment PEBRIAG ot Eal Butos, i Smprises an
elec&fcéﬁélﬁﬂ'@él fred fﬁe)"l:] which thtsmnggAml tagto AC cumrbha Jhisaectil

a ied to the trac i de electri.c . conductor. .
araRGAer SRR CoTBSE I EROLINE AL ORULEI VR ioaw i ofthe
condiagt-duiehtscurénnd amButputingudtivite atas ogtpul sideélof the constant-current

stribu“hon a [ case, t

di . ded.. I.n thi he AC t,o
souiER WIRTRM S NPk (7o Repiar de Adallog s el din oyfgt side is
conrtdued:tan'rﬁé &_?_Etioﬁ@far@igt tate E)aﬂ'ulﬁfmai{/)el_, dmlﬁﬁlﬁdéa@ﬂlideﬁrﬂﬁmés a

strengt, eretore, ] e rca 0SSes O . nhe .
comgtic PgInt befiyeefl 416 SR s oulit G AR erp i SRgh gonnection
pointiBoRAEtted &nal coMmonlahwidtal SoiMtolia a@apacityt , as in the

case (described above) of a constant AC current

supply. The energy source (or power source) nmay be
If onfyt diesvetid®@isgipler€sby thegpringdry @ldequbiwee 8bsreo {whibk issfigsdiagithe

o L 0 o AL ok e
elecﬁ'mgﬂ)hdtlétbr ﬁérﬂ?ﬁg@ﬁiﬁﬁllterhsttidem %legbseruieme presetdesfioneeavedicle only,
nder ground. at | east one |ine.conpri,ses an

any TR ReAeLS) it st plDeAln 2P e IR SYE P ARG PR through the

contﬂfdﬁr@_yrahgelfnblﬂt (V\ﬁhihdk eawedvsfthe |c>el?ost_alﬁt(r.‘ff\c(lij voltdgersupply) depends on
conpris eakage induct,i vit i ch. does. no .

the GERBrP AR o hessTpive TP lyoq voRes of NETIRD SR Figetyicronductr

arrangdmeéntese lostdlependdritand eiakageent Bohot iconsthnt, 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.



is conpensated by a capacity located in the same |ine
so that the resulting inpedance of the capacity and
wo b@oloeakage i nductivity is zero. Such a zero POPEHZNZE04961
has the advantage that the re1active power of the
systemis mnimzed and, therefore, the design of the
active power conponents is mnimzed as well.
Principles and details regarding the reception of
energy within the vehicle will be described with
Therat leaistoreelirieocdn@isas hadmdidtivityowhiets is udeday eansfeéothe electric energy

o o G ] A b A B GSF A
contrilbutéulo thoer er&:ﬁrgpfra?siéd?dh@ K/éhidétdrt/ehﬁal?s,aml méirStﬁe _lialakage]c inductivity
. ral jty of coils e .advant age o al _cqjls. of a
s ofnifipletbyd ofssy Inone R e faeeq fet e oSl imgnince of
the cagmicity hed thedédilaige ihductivioois zetd) ng:h ?Qtettigﬁri;jwaﬂcé h?&l’me

r rrents or vpltages. Prefera e .
advirifds R ISIBR Ve oot i RUREEH b Frain TR 2ih Meeiores the desion of
the adtive poiveec@rmpaorienys Binmiaintizedlasivell. arr angenent, because

the magnetic coupling between primry and secondary

coils will decrease with increasing distance. E. g.,
Printibesaind|deasils regerdingithe retepticr 6fi emefgly witHin thervehidiawilllde

des{;ﬁ%ﬁ %%}%@mrb%rtg lﬁg]edgu%h%fggirgggsilﬁg\gta%g%ﬂewé an,?rt]urgs glr'g c?é]s%ribed in
the following Ui reckiving depiekiot thd YeHidke mag tdbpriss aadll ohg eﬁﬁd‘lth ctor or of
is.located under. the ground. The line qr lines of .
cond eI EF i My PRy RO B g0l dp afVardos ol Rimf gpis5 a plura
phasaneaeiving devizedsithatit ¢s edsidériamdgneansdesgeffdretoaimaootintte fluctuations
f (H0LE .z/egcgn 1 cm Preferably, the receiving device which
of thedREFIVRALCYTRD P¥0LPGPS ed energy is novable in vertical
direction so that it can be brought in a position
round and. i

I I lifted int i
ProfiiefRe e Baras o Shblt Fonbopet Y algw sa0hBare Lo the grimar
sidefoatiettaldryangeh@nt, deeavdienite teagnetc couing e twen(Primizay ahy
soodiahE R P ofbe oyt BT s Yo, 67 PR Teb 208
positieriedarsot nidre theam 10 crvapobe thecgrelind, @réfemblyi reit auze tiedn 5 b@ and
mos .55 S RE T bl BRSHEE] v gt
arrangemeritds located windehthe)greurdl. Thatias or kreds\of the ¢dneluttoasrhngement
e ke ot BRESHSS 2 o0 BEh sOBRET lah B B8 o mor
tharetici. ot her |i ke the distance of the

sections. Enbodi nents and exanpl es of the present

invention will now be described with reference to the
Prefatabdy thedreteiging eevicd vhidh @ogiess thedwinsferred ehergy is movable in

vert%lrairn% é{f %lh{ﬁ]ét QF%E Bee §nﬂ§§iﬁ1 acg%]& %%t é?(gse"flyr 5baon egnrglmd and it can be

lifted into a higher position when the receiving device is not used.

Preferably, the receiving device comprises a plurality of coils which are arranged at
different positions in the direction of the travel. For example, the distance between the
coils may be equal to the distance of the sections of different phases of the conductor
arrangement along the track, wherein these sections are sections which extend
transversely to the travel direction. However, it is not necessary to place the different coils

of the vehicle at the same distance to each other like the distance of the sections.



Fig. 2 a diagramshow ng alternating currents through
the three-phases of the arrangenent according to Fig.

wa 2as/obuwgt i ons of time, Fig. 3 nmagnetic fiel dr¢T/mEEDON004961
a magnetic field, which is produced by the conductor
arrangement according to Fig,, 1, while a receiving
device of a vehicle is |ocated above the shown region
of the conductor arrangenment, wherein the direction of

{
Erfth i and SRS plesBhtinidntdn Wt X SEABE Wi reterence
to the fattachedifioghes, THe figurds ahew:her d| agram showi ng a region
of the magnetic field which is produced by the
conductor arrangenent, while a load is connected to
Figt he r esehiematigaltya,/theae- mhasemndtmrcarr@ngﬂngnt vhich ektengsaalong
show ng,gchematically the novenent of the magnetic

wave produced by the conductor arrangenent along the
Figt Zack adiagsioahewing Rernatinantuitentsfthrongh thectbres-phpsde of the

due t g4} eRAEIER iR totﬁs ‘VSQhE&:ﬁ‘orB'bfilF\ track, Fig.

6 a schematic circuit di agram of conduct or

Figadr ang@agraticfieldings ofa magnptic field \an-@wsm@%ﬁ% by thegeanguctor

an AC ypddqagfend Sétording | td"F@rH %@fﬁi@%ﬁé%lnéaé\ﬁw@f"ﬂaﬁghlcle is
vvhlchlstransformngavota he Source into a

const alRf2tgd ARPYRINE ROV FRGiRft Of%h? ewa@tor afangareentyjeherein the

conducdifdctien bRFERNEMhe nﬁgGetlgfleﬁd GlbfriBUtldn EltétsaMthe plane of the
showi n f? a receiving device of a vehicle having coils

for thiQuEe Hpmirighbioriefh Aok leftiRdioBl.n t he recei vi ng

Figdlegvi : c ear?}cﬁhelerJ ng?%ﬁﬁowm?%ﬁ'eéﬁh [aeﬂ@r}ﬁ@g'ﬁe?& flelalv@"uci'&s Produced by
rail vehic ich is trav ac
whi ch B0 CORHRRTaTeapF ARG Mtk 2 Bhodngaerteg o e Blepa gevios
consec.uttlheyaerpaents intime of a situation in which a

Fi ? veajcletravels on t*ﬂgk V\,here(fgthetr ckis
1958 ovi ARG SROWINg Seemafically 6 movementl the meonslipiuaies
of a cpodusddy the baﬁtgmtmrahang&‘rﬁemalbrghae traﬂeammrﬁgsthe
can be_sw tc th

¢ CREVEER & veBNnG pvice fublofe EieiFnapCefdiqeicie on the

arrangteanknt shown in Fig. 8 including a circuit

. diagr r ne, along the trac
oo TR P SNSRI B b o i
segrrenulyclv\,fsl coinnected ears ACtvohage smurmw\da af\fejecmu:dFargangisment

o0 2 OB B v B SR HE N oG e

ar r angeument whish vecfed Irtt‘wmer condyctof araang&menay,

Fig. 7 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,

Fig. 8 a rail vehicle which is travelling on a track along which a conductor
arrangement extends,

Fig. 9a-c three consecutive points in time of a situation in which a rail vehicle travels on
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, and

SUBSTITUTE SHEET (RULE 26)



Fig. 12 seven segnents which extend along a path of
travel of a vehicle, wherein only one of the segnents

w0 g010pao4as ed and wherein a second consecutive BEDERIINI/004961
is switched on, Fig. 13 the arrangenent shown in Fig.
12, wherein two consecutive segnents are operated and
one of the segnents is swtched off, Fig. 14 an
arrangenent having five segnents whi ch can be smﬁtched

Flgoﬁ] andarpg raegnenk Qm}lléﬁ@ the grrér? nfeht ch?\*/r? In & ch?rB?ticaIIy

arrangenen ase
swtc hillm@ratbneapha@@tmrraraangemdnﬂ bet\semwothlmf aFnagwa)a.Z
Ok, 13. ; :
Fighi2 | osevel scamEns Which SERHALAY » PERTIEURGE o YOhER. BRkroin only
al ong enecofithe segrogntsiisraperatey afd wherelnea segoad gonsaautive segment
shown kRuftbgkd gnt: for exanple). In the latter case,
the rails extend fromleft toright in the view of
Figri3). 1theprangementgbawnin Eigolw wheretn fvo gonsggutiye sgamments are

Segnent,died ahl Bﬁé"ofﬁ)és‘é%m%ﬁf%r@%ﬁch% ofhe total

conductor arrangenent extend |qn&a ong t he pat h of
Figt #hvel an wgemeinéh@waﬂaﬁ\gw wec'ambeﬁymf@d\ﬂn@nd off and

Fig ] %a-& N4 S@m‘cbﬁkﬁﬁ:té’rasmﬁch §rr9rf1 éﬁ'@\t?&@%&ﬁlﬁé ofd bﬁ’é’&ef&% Bkample for
conpri se sections which extend fransyersel y t

di r ectWtehing onephase ("f?@ﬁﬂl"@? switeh ¢fiRih 112 18; ght to
left). Only sone of the transversely extending
sections of lines 1, 2, 3 are denoted by the reference

Fign{,8ows & congyeiar grppeereentahichypray b locgiedynderground alongea track,

for axarﬁﬂgﬁlofngrtﬁchﬁf Is %ﬁﬁ?élmég (6de thé %n’sh@@né’nt&ﬁowﬁ in FigN#1, for
in n on | O

n. 5x of n
n{%‘s eﬂﬂ*@ra% el exie frofp %fh&gerwgﬁw tﬁ%vewaxﬁlqﬂ The
arr:ﬁwmeht srsowrouamigad raiBe 6h® sEFErt of B@lursIRE bf segniched of the total
ngement 12. The

conyfioL et S Reitie Eios e et L Vel a ST ¢ o and

the bottomin fig. 1, |.e. t he transversely ext endi ng
ne sec | et Wi t |nt ndar i e
Figrh A RER I R SR AL PE LG Lot Lhe e mehy . 213 PR GRH Eor
arrangetrieat camprise s&stlcsiSONMCh exténdjtrarsyvetsbly to tHeedardcllmef ttgvel (from

t Qs fhel hr as curr.e
leftio r t@%gﬁiﬁo rkﬁr?l g?rﬁlé of I re rtrea S%rg%'ly xtevnw,g )r;vg k§8ct|ons of lines 1, 2,
3 acemvmneta:deby the reﬂazenae namgaate mamelydtueei secliongfiae 58 aud &c af line 3,

I f
sor Bobl A4 o€ HET8] ! RGeSt BF SRl MV el v o
linectdm tmtme&t pv&fenred gaset the atrrameelmmcﬂ shsmﬂnep Fig dds lonatedg.

B R YEGELE EPE ) R 1) B o 2. e
rail mey extend froptleft totightt 2idhe fapeandTthe bettare in fig. ekse. the ansyersely

exté“o%gfl%rk%%&% by b8 @orﬂ@l@?erly \ﬁi‘ﬁqn ﬂ'fe BIURdAdLRBREEBY the rails (see

conmon s poi nt
also Flg 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. Optionally, the current source may be connected to
the arrangement shown in figure 1 via a feed line which extends along the path of travel of
the vehicle and which may feed other segments with the current as well. At the time which
is depicted in Fig. 1, a positive current |1 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
SUBSTITUTE SHEET (RULE 26)



Consequently, at |east one of the other currents, here
the current 12 through the line 2 andthe current 13

wo o100t he |ine 1, are negative. Generally sSpPeREPIIg9/004961
the star point rule applies1ghich nmeans that the sum
of all currents flowng to and fromthe star point is
zero at each point in tinme. The directions of the

th I 1, i ndi b .

the it tygnsh i, 155 emafie: BBy BP9t thehdime pojpsule
applis whipth teahs that tHe surg otalt cureéntd flrvibg teodind-feore wleé star point is zero
at e §erBOIRGN Tt Th SirectBRs of rsifEniitonti FREF ek arg ndiied by
arrosr Wep ltis arrangeinednt Ehowie difigeed 1 igdorienef & plursditydf aegments of the
otaf g8 5REe Stranasart dba el % ATRE b SoneSted o B star Biipg 4 via o
thres\phhsdewiteh th aduiibrl, iartheesphiate b@itchior botreecting thel thesd phases at
the Sy 51 O Fuiiepicr o 0. ok Pl 7 RIAHBR! S0 fimetion o
such 8tar poineswitohes ahd fecaMidles pnittiagsalill Ye llegerideldebetwe Wi dt h

and are parallel to each other. In practice, it is

preferred there is no shift in wdth direction between
ThetsBétidnsaf i€ 8 2@ thee sdresbponding 6 &tions of tiies N whitke extend

lines..Such.a shift is sh [ Fig. 1 for..,the reason
tranpyelzel: tehe dirgelon orarvELATer b have s samadrithyngire paraliel o
eacthmihaarI?blractioeh:ax:ib pbéfﬁueed theroismhot dhft iian_amathaﬂmpw’lcq b?t&fesh ithee

ath al ong,the trac rein t i nes, are shi. [
wanfRself pRRTHbA Setne al 1S Hlreues (Siica Sht B Sholfup £ Br the
reasoalthdtasack castivnildrieaeh fiee tawbe idehtifidte sanme | i ne

extending transversely to the direction of travel. For

exanpl e, as shown in the mddle of Fig. 1, the

Prefdtablyaeaceh lired fottews thenseaiédérpentihedike path dong thecrazkewhérgin the
consecut

. Tp. W hi. h i b h ' :
ines e oled 8 1 el PGl BE B IR 110G b impn ppsecuive
sectiona of ther sadhey lirfeoetéredin trasviemselyoh the divedtion afrrayel. For example, as
snog 8o 1 SR b g dlefenots
Te. Withinlthe regjicr between theisereensdditieesextions b5/therenartitwo other sections
i e O e R BL SRR R B RS b g socon
Sy of ling heTHiepattera of consetutiiegsections i i5xeSyrapeats ateedulamdiftances
N N T

arrangenent. Side A is one side of the track (such as
e BB g A St B B bt i hown
the lefipegion ef Bigde Foe egamblee séctbh Saicderiesfa ¢ureent franig first Side A of the
arebEnACISTHE Bk b L8 Aot SHAER 0401 o vac
(suchasitzeriglall hapl side in Thediceotior ofitraved, veiert viewedirom a travelling
venERISRIHARY 1 455 DRl ¥e m s a6 o Fieuerd Hind Aipoement
12 i< buriseldin the/grosrd Under tbe tratk,lor ner&geserally speaking, 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



consequently carrying a current fromside Ato side B

All these currents have the sane size, since they are
wa@arwioeddy the same line at the sane tinme. | NPOI/RRL009/004961

words: the sectionswhich extend transversely are

connected to each other by séctions which extend in

the direction of travel. As a result of this

R 55 B M BRI i i e

direttioneof rapeloduce a row of successive magneti c pol es of
an el ectromagnetic field, wherein the successive
magneti ¢ poles (the pol es produced by section 5a, 5b,
As sesult of thislsevmenting dkenbrie arangegresit the rpagratictfields . whicr are produced

o SGER 5485, Db e b P B f bl Boes ofan
elecromagnetit fieldysvhereim tireeducce shiveomagnédticrpoldsi (tHe pdies produced by

socf e B S50k e AR BURRGARL PO e gy o
the magmetictdote whighéd prodpeedaby $ectioft 5a meaynagrespored 4t @smecific point in
tme s pRpetfihale JRE N 1 Tep i e ™ 5 g uhbarklyand the
magmatjmecmtl?] pdieﬂs)faeidgﬁjd\ra}sﬂa@y.\/\mtthe sfmesmﬁx Ithqomlagnetimv;?iﬁtyof the

th.its nor e do rdly, caorrespondi n
magfigfc. 9 Drigiiis PP By EdlRWaE Srdted RF G S fEE idlin =
manmanthat thescofrespareiirig magrieticatipbles & facing With its aoethamis upsardly and
i ool BBl oy TN Efesob BB OBl ARIBRY -8R 2%
oriettae iretharsantenamisase forsectibraba hd se oar Thersarse tippliesttbilises 1 and
2 phases. A conductor arrangenent having only one phase

may be arranged as line 3 in Fig. 1, but instead of
the star point 4, the end of the line 3 (which is

| ocat.ed at the ri.ght, hand si,de of .Fi 1). be
Howe &P bk hrberl ieblich st 8ers iEedte baidnarbls PRV atg phase. that
ther® greatwophases or thiat therg aret meidedihsm thned-pliased) A wbnductor arrangement
ds al.on track,

B85 e 9B el ' 450 BB ERE 1 Bl BREF B i,
the ehidséfahe ineb@ (wisieh ist lbeated atiheeighthandesideaiFig gl )Sraay b@nsnnected to
e sl o8 Bt R PSS SRl 2 54 B8 ) whn
extebéd¢ albag thee trackn Aveophhaye aranganerg nsa;pmnsist offl?rie's 1Beard 2, dor
exah ., by REHBh pb AR bty B Ao 8388 P e o
mor@l 'gemllyospeakimgeofengUIeys) is prefarablylconstant (iecthéatistances between a
varkyer 41 b3 5A8 BB 9150 30 1 bR M B g sectn
of lirehdwin the diiegtiorilof tavelambinttse oppdsiite dirbcten + aeexual). 1 |

112, 113 are shown in figure 11 and connections to

each other (e.g. via the star point 4 of figure 1) and
Figure 11 Iscinfeaded tosilipsitaye soree dimérisimhs of thee sodpetot ammangenkent, for

exaljrféilggﬁ’e ﬁ%’éjc(@' %ga%&gin&gteshloglﬁ% ?% k??b)‘.‘ﬁ%%rt&‘é@th%%le% lines 111,
112, 113 a;re shown in figure 11 and connections to each other (e.g. via the star point 4 of

figure 1) and to the power supply are omitted.

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.



railway for railway vehicles (such as regional or
| ocal trains, such as a tran). The expression
WO REVREAS is related to the top view shown i nPET/§R2089/004961
11. For exanple, the |ines 1, 112, 113 may be
| ocated bel ow the |l evel of the rails 116. Each of the
lines 11 1 , 112, 113 conprises linear sections which
extend transversely to the direction of the track,
i.e. the longitudinal direction of the rails 116.
Eacﬁ’béme lihean:tv eﬂth Y3 earnpristisriipeaesdctioms which e«xtemud daaneversely to the

srob R THRGEUE S EPRTATRASoBH AT6) P 398, 138 PhyBfon

exteading rsdcmonstdne cbme;q:tédM| the torkeicativel tcansaérselyeaxtemdirfg sethiens of

e AT RE e 05y BHRE MT AT By e
direétiminfof theerails. s'ltmnms%sblstamemezm;?ehxetardusg ?é'cmbnehavzph é&ength LB,
whidh RSB 1651 87 okt S PR ety 8 B0 i Fie
e eLLons. and-Lhe pan o ‘““"“‘%2?‘2‘5‘3.*?“22’2?‘? ons of ©
t
secff§ el 87 fm ol AR LA B O her by cur ved
sections. The curvature corresponds, for exanple, to
he 5 AT B e S 4 a9 S R0 AR e same
line atel cwmlnested dxyeaemlotbgr by cwvéd séctlans ekhel culzvajunéaeulzme?mfdsafor
' t T h
exafip, & e Sfifire 677 o bAgrhd it AL 199 BVer sory
extending sectlonﬁ of the |ines. Fbmever |Phgractice
Fiors 1} BiB e maiEny 30w danoddd rdn iR § logk Q@ pitooi of a
recedingdevidecof savetiild traveilingan thesaits DI6. d‘he t\nhdih obtHe c¢ail is bgual to the

el BRSO R R m e o
prefenrexhthaf Bis Widthis anedtief thamthe Iéngtbtof ithe fraresvessetyhextending sections.
Thlsnagle é}?eanﬁr}(iiféinetﬁﬁ P %lég% ﬁ* JP\ B‘oﬁﬁlﬁ’gff’t t|]o§'| tfﬁhr{s(/%@\/\qg kh% travel
diretticansy indicated tyxtiveradrawng amm Ilrmlselovmhe‘ shddedmaréa o18.tSueh a shift

wou{aLr:;‘gglijglﬁgﬁ ngﬁghggegogg opﬁﬁgrgwgytn F'llg{tr}ié shrtgﬁlgélérr{o?mo%e the coil
beyandr the ibbendxHriea of travteartsversaly d)damlmgcﬂwﬂmsal ternating
current. L1, L2, L3 in Fig. 2 denote that the

serpentine like lines 1, 2, 3 forminductivities. As
As fslloowsrfranm tHei time aeperidenpdiagraoushcmn in\Fg . .2 theef curtemts through the

ona G Sy B2 b AR £ i PRt

curresitso possi bl e. 300 A peak current is sufficient to
provi de propul sion energy to a tramfor noving the
tram along a track of sone hundred neters to a few

L1, k2, ILSrie Fige 8 dehote thatathp lserpentie liketlimes Hi 81 dfdrm induativities.
centre of a city. In addition, the trammay w t hdraw
energy from an on-board energy

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



storage, such as a conventional electrochem ca

battery arrangenent and/or a super caparrangenent. The
wer@aogyodss orage may be charged again fully, asPEDER208%004961

the tramhas left the town cgntre and is connected to

an overhead line. The bent I¥nes in Fig. 3 are field

i nes of the magnetic field which is produced by the

sectlon

i
a"aﬂ%?ff‘ﬁ?‘s ?18"%’9!’ a&@%@aaﬁeﬁgawes.asmfﬁw aﬁgpp,r?gs i{'f? tram has
left thendwibesthe st isespnecied ® arddvertiedd'line’ 60", "90" on the
time scale of Fig. 2. The tinme scal e of Fi g. 2 can
al so be interpreted as a scale showi ng the angl e of

Thetbeat liriesus Figd 3lardfisla ihes6f he nidymetcfigle Mihich ispraduces dpshe

t vi oyr .of the, c rren
sectils of e 1,2 PRRORD 1B Fioy feFtus Henicis by SuEtans B 2urdfbrent points
in tila@ g¥high cmgre@bortdm(;pe I“B@g;? “90* orithe tltnli?scmerref Fig. 2tTHeltitne scale
I 0 t In e
of Figap cRapls e Flamelsd g q,scals shived eng
of ther cunewes; W?lc}/l n@e@rﬁrtﬂatﬁ'gg sma’coclimae Mah?lvumf the éime’hts\ammr one full
own, Refer 'M'. denotes the, current 11
perisd. 81 e e R Al PeviadER SLF Repbe ALIT: BT rsalte & at the
end lof the peried @t $3600n. These transversely extendi ng
sections extend perpendicularly to the image pl ane of
Fig. 3, wherein the image plane is a vertical cut

In tHeLIeﬂtl of thbfeurgartia Giaf@fafg_ﬂmdmgm cl&s@‘ecgrbrg; of trangbersely Bxtending
the | e nes 1.0. I re _
sections ot A1 123 4 slwen, HEfRERoaqign 12 PEndles he qumegLit which is

flowpigaheugh aﬁtag\své}selyfeﬁtyﬂdlng setlich dflllhe Cltaridrswén t’ﬂhéy@lransversely

extef)ey SPAs s pepnaniesterty e Byagg AR dod & whepia e image
plangghe Watticfaatdt plagb thvougls tHel atarfgﬁﬁfeaﬂwbmtﬁgf 1, ?msdenartleeasnage
COl | al e alt s a .
planpa ok PG Ranti B3 3478 pelbediicir & v qidiarcy Hiprondne fneeg plane
of Figl Bexichds armamgeawuoglﬁgett euntmgm@rs%t::m;sﬁackﬁgnem t@odtatves. In
un e lver

ted i t
the yiSREr (sl Fidr e Sleeti R aRSscoois R AR SeHAmaiGH N, Shoe 25 flat
rectaryuiardianisd e iOrotopditieseldoils 7 Awlkibioarke parss dfid reteiving\Wevice of

t ' h in Fig. 3. Ho t h i
a vefyie 1B e inoye PPy e e enaeren 12 (et Rapibones 8
are loocated in ordeh® bwhlle:émi divért tHe magrigtiaVield lineg. Thesklbackbones 8 have

nduce curren in the conductor arrangenent of
the (3 o R O oA BT aels o 5 i g 4 ol oo shows

Cross sections through electrlc conductors 4l1la, 41b in

Fig. 4iEholE S hfar e 65 e Vs Shin blkia S ot Jd filrg b meant o

illustréte therhgmotitstizaksitobtion that doilsdn fHeoxuhl‘tge athitctie tahepling ed the track)

th ht f, E
o R s Ty e oot grmormnt ST R Tn gl ip o, & o atso
showls cmt selctdaomtmaugh glectmb@ohdim:mrsuge $iinghefediong. 74 7babc 7d of
ossed ectro ?netlc fiel

the ?qll {eigé&n s g& 3 ﬁgrr?ntéq'}acﬁ" lﬁr?élgn u,gwar UM|t'3?1'masge plane of
Fig. griotiowiad abthetdepiated poirt inititnes Dimthé right Handtdide bfciglet, where

regic|>r|\smf3c, % o? nge shown, the current is directed downwardly into the image plane

tfsth%]smusmgal behaviour

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.



7b and 7d, since the anopunts of the currents in
sections 7a to 7d are also symmetric to the border
WO 2me/0fi4g5s 5 shows another cut along a cutti ngPEI/aRE09/004961
whi ch extends vertically and _which extends in the
travel direction. The wires 8r bundl es of wires of
lines 1, 3, 2 which are |located in sections of the

Fig. & S8 aoatisr Sl D = EPURE Risnk e #38ds lePidelly ang phich extends
in thei tgavebdirelction.ofthel wiresaordundies tof wires of Ilrtelse are aafngmrmreﬂocﬂaﬂed in
sectils 3h tieningR . 352 MRl xant tihsbpel S HR ARRFED! flel shown
in thgmﬂapeehahd)ﬂﬁg 5 tim ttal se\rehaectirms(df thenafraigenent 2 géhich extend

el o
rangEredlf 15 B el sl 6% ot FiE: 5L e et file T, fourtn
and |severnp esctiod ih thet fov (iorrelettitmrighit] bélbeg tulineehSindet the dirgttion of

Lons

tho e kg Bh s o e oA i) W545Rle 37 iBotion of

the alrtent iMethroughthie sectiohs Sahsc (thefirstand eieset/emhmgnum ia Fig. 5), and

sinof T cuerliE U P 42 el lotithg Shirelnchhe irdiiiteg BlesTofRffitic wave s

movafgiamgediaemtuoﬁ of yvdlpt a Ebeectms‘ﬁmea&a\te isenstied\y 9, the inductivity
hal f¥ @%b;Lg 5 represent a receiving device of a

f theldrat
° r\? fadeE™zA traveling in the direction of travel
and at a speed vmand at the top of Fig. 5 "2 TP"

d h Ei h i
The g sREfidimehom 1o e Vsl PR of FG, 5 opTe LA oo Ying eyige.f
vehlble&vhichstsamehdgsmwmmrédtuba of trav&laodlht aepeecammdsﬂ the top of Fig.
s 23 Sl HoCFigun Snfve:A gne BSarmi < airenderdanidec i enath of whieh
is equal tontgwiceethe distéhce HddwedrOthreeninsbcutivg tiaastdrsely ertdudingrsections

rrangepent 12 according to Fig. 1. In order to show
°fa$ﬂ%ﬁeg%[{ecﬁ'ri C properties, equivalent circuit synbols

are used in Fig. 6. The three-phase system 103, 104,
105 carrie hase. currents 11 2. 13 in
The $3pG@hbhiEholATR Fiol b ibiBeed copdeior ihBafiear i, tga ros,
whlcanrreaydbelmeetd)rhyctbpérrangqmﬂant R cedrding tpFigddc dirher to show their
ectr net i for t nsfer

elec\?}'l&ﬂr%?eg‘[m equl akepgl |[{:U|tﬁgwg$ are PﬁeeJ 1nﬁ%.:é?(ilﬁ1%§r’1}e§-p§%§%system

103,_ctﬂ7upn0§ earin_ealphgse curcknts 1y i3, |I33m ;ihaises is2,3. El'gé jinhesent inductivities
T .

o 8L £ B APk, G o bR R Sedapanene

fieldlsgr mu@ﬁmg esergk 1o afgk & hicl 8n ithre Inmk Howeger] thedine8 1a8, 3 also

compSY Baldbenidndt 15T a0 L& o6 o EEE Mok filunFid's e

impedange néthete dnilgsirdtidalkage pithstivitied it @gmpensated by 0dpacitiBiseCk1,

caPBRS F BRUREST, 1 Yad BB MIRRERApg derot ed by VI V2, VS

duc ges in the lines 1,
2, 3 are denot ed by Ul, U2, U3. The voltage source is

The %Pecprﬁzcén%‘ljg); @hlcn % us%% p?odu%e‘fl? glgét mgéJ etlg%lds inlines1,2,3is
generated by a three-phase voltage source 101. The phase sources for the phases are
denoted by V1, V2, V3 in block 101. The produced voltages in the lines 1, 2, 3 are
denoted by U1, U2, U3. The voltage source is connected to the input of a 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 I1, 12, I3 are generated. These currents are constant
over time, independently of the energy which is transferred from lines 1, 2, 3 to any

vehicle on the track. At the input side of constant current source 102, the source 102



source 102. An output of this source 102 is connected
to the capacities in block 103. At the output of

wWGQ o422 the currents M 12, 13 are gener at BAT/EN06%604961
currents are constant over tjnme, independently of the
energy which is transferred1§ronrlines 1, 2, 3 to any
vehicle on the track. At the input side of constant

con a3 aF, 2 5 PRF ALy £ F LOBPLAS R ol o e
sourtcbeoaueqntntllnel 1d@, 8tomipasestan aatpdidaduatiaibhl 1b, |h.éb,1L3b2 In Between

ri ut.put i nductivyi b, . L3Db.
the ERITAES Tn dlistiPlies, eR6h g, . 4245 8 aaefic = CarmmPh stag point 61
via d capacitpC1sC2p@Bected to a conmon star point 6 1 via a
capacity Cl1, C, C3. Fig. 7 shows a circuit diagram of
an arrangenent which may be | ocated in a vehicle which
Fig. i7$rbwa\aednicng dmgrdrh ef an aahnge?hmtarmmrgayrbeﬂooemmn iasvehice which

s USRS fadkt The AP HodiPeliBrinbod. g Dresinheg REeiving donipe for

receahmg:walelecmbe‘ragyiehmlé frorotive tr’ébbancﬁtnelpvodwrr@ea!eatm energy there
fro ﬁ'ﬁg e evsmogew co an %”@og n I € %ﬁ t |I§q‘ eac% hase
ThHAE EEFAINGEEVIEL %’ésre&ﬁ‘t"ﬁ 8|F§a’é$é“ ROERE 'Bfeach b
1a, 24/, Ba, Whéreir tha dcpiid arekde’hbléd byt 07 1, h &2 diA30(black 201 ks rothie, embodiment
at _a

sholrd g AREGES, 75 g e aie eonpEeied JEeniek ot p ALt pint 71 Leakage
industhptiesainet sepakataly shOWFrllrg Fig7Y) affthé pleageisciac2a,13a ar%a;olr:ﬁzensated by
71, C72, C73,

wp?%t'eﬁ%%gbsghaey aﬁlblq 320 f the receivi ngstviO\(l:we1

201 , 202, where the phase currents Isla IsZa | s3a

7

ho Bl PREE! I Beriind debich 2DECAOZ b8, 05 ofhe Eirans s to2e.
Is3adre sbévs Irdlélgo’! ist dmneolngem :ae ACGDG (alfemanmga:medt ,th%eIcl oasent)

76 e cuj i
coneife 263 HBrREReR TASBREr B3 Bfohnectefin irgE g8 Fov ofan
intercragitate t:ycdil? (] hashnesnl‘ﬁa: dbbdrdgorir2dted. to heh othec viaiacsrhoathing
card Y 7 TRIn 5158, thL BRI SN o BE kSRt crer
withinthe eehield is derhdwd by agesigiace Rbat tH05¢ ivbichmhay ibe dorateeted to the
ino 168 15k ot el B 00 Kol P (4 et o
voltaget dropracheréia Ud isthie voltage ied@nipteemediaty. ciduit foyvexampter ack

83 (here: a railway track having two rails) which is

occupi ed by a track bound vehicle 8 1, such as a
Fig. Beshown al tratcktﬂ3i (beter amsijveayt traokéh'amng twa rallsaawhiclﬁhsoccupied by a

arrangenen r or
o pHARETTRR o7 S8 oS R TRb Rl BefSpmGIERr ERHE! o

t her eby transferrlng energy to the vehlcle on the

track. The.conductor arr :5
The grABdamrn Py ol s e BERFTRhaiclon AraioetiBrsfor progyping an
eleciramapretitdividy rtfmiebgstrarmemng enEngg lo the vEme:Ie:mmtlwdraﬂ( Tne

[ an hi

concg c}ogreg%ﬁgﬁlﬁrgﬁtg%dsgﬂﬂfvn s?hgrﬁﬁ ecag)z aﬁnqg %rnﬁle the con ctor 8)
arranggmérd 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



| ocat ed underground or above ground. In particular in

the case of railways having two rails on which wheels
wobomwabd49vehi cl es may roll, the conductor arraPQEERIINI/004961

may be | ocated above ground between the rails on the

| evel of a railway sleeper, g partly above ground,

but under the railway sleepers. If the railway

sl eepers are made of concrete for exanple, the

e I

ca\ﬁt'ie% fﬁ%n%;l%hléﬂq@egég EF 1"2%%3?1’?]%@%&0{ ?'@%’tb%"ﬂé"? gxthn%1 Thereby,
thetrndwem epnsisuctionmeay bsf uselddo @olddbetlm(smrtrammdtserpentme shape.

extends. Thereby, the railway construction my be used

to hold the |line(s) in the desired serpentine shape.
Thertack baund vebigledB veamnrises 8t its wislemridesa seagiving devinedirfor weeiving
the%lécﬁr%ﬁ*laﬁh@ﬂ: iy Wﬁ i%h %?pr%@ﬂcé’decﬁﬁthe\! RS arrangt;?]ment 89. The

el ectroma%éetl C d which 1I's produced b

recgiying flevise BRrs ﬁlﬁg@%mwagemq"‘l@ greereboard gﬂ%ﬁ netwerk §6s0 that the
eIeSthS‘éhér‘gz&\k/ILth féqnél?cﬁBWtﬁeQ'e%'iwﬁ@ d@\ﬂ@é 5{5 ﬁia?cbtardléinlﬂﬁéd‘mﬂlﬁn the

so that the electric ener gy, i s"induced
vehigie 8] Jeariexamplegaviiasy QQV'W%%‘%P@PWF'BGPQ@ 80184 fﬁf @rn@g

prob@l@loﬁ'n@otgrsj(not':s@lbwﬁﬁ\ %s méliso%rnévﬁl@\w&%&% 888! 8ac, 88d
ropul sion units 80, 8 r|V|ng propul si on notors

ma stgwm tojthe s@@bégowmm?% U \AfeRRegygHerage 82,

suc&&it% arﬁiécstgﬁﬁﬁmlﬁtﬁb/eﬂé@g)ﬁﬁaﬁ@ﬁto? @nfaﬁah&?n&it%? Eéspgiatbl@nsuch as
net wor urt hernore, .an _en stora such as
suRgh, ap% MAYALIRERR eanneetd t e %F%lﬁt%*y\w%k gP}ea%fa@nmer@rgv

stoRgR BRI rhe) be clfdigéd aﬁth‘éte?\ergyﬁaa&vemthalré@m@ 6SNIRE W SoHicular
et Wor

he |str|b
o SRt VRN BT Bn AR P Y NERPS T 8 dooyag Olyhe track,
part ﬂf&thé pﬁﬁu}suomrﬂegy Wiich Isrhq%aﬁdi tembad thﬁwfehm& tstl PR beﬁmthdrawn
t he vehicle trac n the v cle
o o= BrABe R A ol T S0 e et o IR Fecriveg, Y the
receifing hiemse meyctedtribatentotiee propuleioh| iod. endy be paat/oflike propulsion
mﬁ%ﬂdramn fromthe energy storage 82 and at the sane
engy the energy, which is received by the receiving

device nmay contribute to the propuIS|on i.e. may be
S Iustrate
Flgt ﬁ% g@%%égg?hegéo%ét Af g?&gﬁl arréann megf 1 %‘f smlgi sectlons which

carslrswitohed whiaot off s that stw gectiens, ehichrade evitched dntmbdumlayn

elegtfdéﬁé.t@réﬁc fléﬂg u%‘rd t%\MsFe? Qﬁ%rg?r&f We?gHﬁ% cﬁ'rllehlcles on t?e track.

netic nsfer en
The exampies @fl Fig. &SW ségraends T hE2, (Ti3a k.. TSr\Nblcieneam‘ramedﬁn a row

of éﬁk&ess%e%@ﬁmeﬁtssawgiéﬁagﬁ T2, T3, T4, T5 which are

arranged Fn a row-of successive segnents along the
track. A vehicle 92, such as a tram is traveling on

A vEIli‘@IetQQa&!fch és'.rﬁjﬁ"ém i Ql%(lelmg dritRe Yr%glk UrdePAodr¥p tﬁee\%ﬂlcYé §Btwo

devi ces 95a, b for recéiving electromagnetic

receiviga dewgen§sa. rﬁ’éb é@gﬁ%‘?\‘flﬁg glestryypagnedie feld pRedyced @whq@gments
areQPNidRS THE ?eoem dR¥cel @55 esHHHa) be ijé?ﬂj'neﬁ'ﬁ de\Mags %H’érelﬂ just one

ust one of the devices is necessary for operatlng
of the.feices is pacassanydprenasating e ¥ehigh. T*EH‘ ingreiases gperation reliability.

However, the devices 95a, 95b may also be non-redundant devices which may produce
energy at the same time for operating the vehicle. However, it may happen in this case,
that at least one of the devices 95 may not produce electric energy. Instead of two

receiving devices, the vehicle 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.

SUBSTITUTE SHEET (RULE 26)



However, the devices 95a, 95b may al so be

non-redundant devi ces which may produce energy at the
wagaomm/0b040® for operating the vehicle. However, PCT/EREN9/004961

happen in this case, that at |east one of the devices

95 may not produce electric gnergy. Instead of two

recei ving devices, the vehicl'e may conpri se nore

recei ving devices. The foll ow ng description rel ates

to all these cases and, in addition, to the case that

the vehicle has just one receiving device.According to
Actdnding icatine lexs mples\shown irFFig. 9,3he véthdcle ishmavieg fremritbe lefigo the
AT t e
ngtgt.érggi ig% tb%(/éhlélg QE%%B%&QJ% et%ggkagwfe eeler?éﬁ\g'l'g % SH? 93:%y
ocavpies pheetrackabove sidmentoV tard ddeTesredeiting davites 95‘ hethe reoelving

of 5 i 03033 Bl DRSS SR P98 e, i
thelppse.thecase te distartee delweeritbe cepstyindsinyices ¢o tfhewear@t and: ef the
ve ﬂé Wﬁ@ﬁ?tﬁ?@e e &ion'is! re%'f‘éf'ﬂgﬁ?ftg%%r@h?ofrb%%ﬁ %é%m@ﬁ'l%ﬁ ¥e conductor

e ve entvvlse nis greaver
a"@ﬂ&?'ﬂe@h@ﬂl of each segment of the conductor
arrangenment 112. In the situation of Fig. 9a, the

elenments T2, T3 are switched on and all other el enents
In thre gituatign offEigaPa the\plemests B3T3 are syitehedai, angyadirathgrigdements T1,

T4 Vﬁf‘ér@ |s@itSred & IIﬂ( F @C on! F%r%?e HeSvehiched @WB&l@he%rfﬁé‘ §r§ckT@oove
T3 and nearly Y occupi es the track above el ene

elemgntselZe Féend T'Ea%fé:’ be@wpm the H’é@l‘ Fove elpmanidd. ?'ﬂ@e“t T2 has

bedrESMtcHE N Bff AR GHRSthE Fe &i vuﬁ%@eﬁ@é@ﬁ’drﬁlﬁb %%&Ivﬁ@%eb%&@hgﬁb?has
area%eettereglon ove el eme

alrshgy a1 e e an, bR TEE 2. Qb Alement b wi i SMEhE o g soon as
theQ@RidR fﬂﬂ‘y ddeapies tedragdhAbBve e ddmemy. THis st Swienathé€ element

T4 B b o B i o o B e IR e BT s been

switcheti offed of f. 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 arrangenent as
Figs tswowsarFagange menowiicR fis similgy. to 1k sdangenmae showndh Fig. 9. In

f . Each of

racf il e 0910 (BT TR Rme B aheB mebh e U By inwsrer. Fio
10 Stwspadditiona hyeartsrof deeartangeagne tHach bf theduceessivaisegments 103a,
1 036' ‘?ggc dgfetﬁéi o@%o%c? Wghéﬂqe]n?ﬁ fo r]pqgalc ion C? I%@Foi%gnteﬁ%hgg ies
cormasbd ofa asepgarate spites £024, ﬂé?heﬂtQZn fprewitcling os pad effithe element

I ' i .
1048 epd BT ind A Sl 3o G RN L S3R, e
mamamm chey @Ompns;,e witgs onnablesdor edch\phpsarainedamnd of gheamainline
1 0§@m'}*gﬁ ﬁénooﬁaé‘fﬁ ﬁé lguf fUtSRoRRPRS? wr%}'léet?o&ﬂﬂeﬁ 5{f point

mal n I'S connect to an ener gy
of alldreerhasas. Qniba OBBOQ'tﬁé'tQIOf ﬁﬁgeamlme WiSc thisdsangeeted to an energy

soUrbPFE sdtéhlas tht UraRgenBRtMechrirg t8 bidtks 101, 102 as shown in Fig. 6.

Each of Fig. 12 and 13 shows a conductor arrangement having seven segments which
can be switched on and off separately, wherein each figure shows two different switching

states of the conductor arrangement.

The arrangements shown in Fig. 12 and 13 are examples and are intended to illustrate a
preferred embodiment of the invention. However, the number of segments, which are part

of the conductor arrangement can be varied in practice. In particular, there might be more
SUBSTITUTE SHEET (RULE 26)



Each of Fig. 12 and 13 shows a conductor arrangenent

havi ng seven segnents which can be switched on and off
wGgee@anaises y, wherein each figure shows two di f PET/®R2009/004961

swi tching states of the conductor arrangenent. The

arrangenments shown in Fig. 12 and 13 are exanples and

are intended to illustrate a™preferred enbodi nent of

the invention. However, the nunber of segnents, which

to thec fr, arran ment can.be varied i
ol <o I AN B RGP B et o
thet ehitles@otshowmin [Fay. t12 @and ars) isfshbhter tham ttelength bhthe vehicle.

segnents in the direction of travel of the vehicle
(not shown in Fig. 12 and 13) is shorter than the
In Fignt &andb13 thesegmientslaze sthrenkatgallylshosumcantizare benated g ngference

sl 11540 bl B B B, 8788 i B RS s
in lBe 1?a¢rt130fn patticular thegondurtordinesforicarrying thelghases ¢Bthejatternating
cu t'iﬁa? efaafnﬁ%\égg i e %&tﬁgcﬁde%ea‘\bo(/é’ rfor‘:@l{)e éepgs LIII}RVC['I in Flg 1,

ase alternati ng curre ran
whtCh anayaie e Jisiration of axingle smmqnanmrematbe staopeint wntch@E of the

%me,s({d‘gg,g y be the illustration of a single segment,
erein e star point switch SE of the segnment is

omtted. The arrangenent shown in Fig. 12 and 13

Thé SARAdetfert shdW e R Mg aﬁzearfdeﬁﬁcdn'\%e Mﬂb@%ﬂ& m@ga\ms is

t he consecutive line of segne - T/,

shown ahavadee srnsrewiveting ot:mm@m Tweﬁeﬁmffhsnterrcha befween two

coﬁs@@ﬁtﬁ/e's%gﬁhehﬁrﬂe- PHaRFe B iHrdb- %&e swieh sphhesyer. These switches
sW t ches SP2 - SP7 connect the three phases of

SPR eS| PRRoa 115 yee PIATES e (9o GGt e fisiags between the

twcpédh%e@mhe %@gﬁemgembﬁdecpmvméeédvnbh &P 2t-feprsiviciosBd SPt%esw.tch SP2
If the switch SP2 - SP7 is. not closed

'S??és "9t§°6ﬁ rie [sipepelbp £esneriive IRledpre sl ctrically nshiated qgpinst

theifeedllira. ed agai nst the feed Iine. At the respective
interface, there is a electric connection between the
corresponding lines of the consecutive segnent (i.e

At tnetrmatntdmtekrbe@smé iD9 klectiegonné dioh GetweRh rtryé &g-rdslpaﬁ@ing lines

for c n V an or cayryi
of 1t obyRectifer seamenb ) obeitadn hetiee 6 Past SBEmBHE Ter ey brase U,
for baﬁmﬂg:phage \Smnd foln c&ﬂang pha#sé Wirand \ire additiat; artbiieegphtabe connection
o e LEpARIN R ERE S Honk Vet SParEb i aRiyefh gmooamens.
furtbenswetches foe disegmrectisg fhedimes bEatileast oheobthe @ondEeutieesegments
fmrﬁ%é m?‘{&%‘%ﬁn Sg%g a nterface between two consecutive
seghent' s -

I's al so connected to a switch SE2 -
SE7. In the open state of the swtch SE2 - SE7, there

P UOFLHARE BENEH Dot BAFRRR, H 1 o comnace
. to asswitahSESE2SET . dithe opea state @étfpr&web SEZ -\BEX thege isttx camgection

betlve&n tH hie@ phaSed D), ¢ ORNR tHd Mibrate. However, in the closed state of the
switch SE2 - SE7, the three phases U, V, W are shorted, i.e. a star point connection is

realized.

In Fig. 12 and in the upper half of Fig. 13, the star point switch SE2 is closed and all other
star point switches SE1 and SE3 - SE8 are open. In the lower half of Fig. 13, only star
point switch SE3 is closed and all other star point switches SE1, SE2 and SE4 - SE8 are
open.

SUBSTITUTE SHEET (RULE 26)



realized. In Fig. 12 and in the upper half of Fig. 13,
the star point switch SE2 is closed and all other star
w@eimnowes t ches SE1 and SE3 - SE8 are open. | nPCHEP2009/004961
| ower half of Fig. 13, only star point switch SE3 is
cl osed and all other star point switches SE1 , SE2 and
SE4 - SE8 are open.In the enbodi nent shown in Fig. 12

oS58 £, 98 53, P BRI B s
SPeﬁ]rtdirW1 ahﬂae:bergmmmlg r?tT s:ggmm?glﬁgeamd Ficthy endof theesegoreet T1,
ressegfyeh, Ffing ' Rra G R! o Yer i eFlch S, o formgiaipo @ ster
poirt egmettion] @t tha deginningef sagmefit Eegmtatithd efid of segment T1,
respeﬁts\% &ot ively. The operation of the arrangenent shown

g 12 and 13 is as follows, for exanple: Starting
with the situation |IIustrated in the upper half of

e pefatp of e TRg  shrrlB 20 oo HoP 18 S5 AT AT f el
Staming with ¢het aatndﬂomlllustgate@gmhatupiﬁér hatf of Fid. h@ omlgsegment T2 is
opeGE(| ERe StaPees Vot il deriny BF SetEnRy bERig FavéiUiien
extepds aloay Islag meﬁemet thEZeemymg) deace efthe debielecw thé eeceivingdevices
i b
of tysBic gy bR oo SePin RN ERT e R bo Bt ek bl e
arrangefhbelow Tite tiack dfea railvghislegameithe vdruewhng devinsi(s)ohaydbeabove
feed.‘.%l ne swtch SP3 is closed and star point switch

seg@ﬁ'ﬁ closed. Al other feed line switches SP and all
ot her star point switches SE are open. Consequently,

in o7 /Rl P8 o8 BB Feke 1% 27 BF 3Porefe WRER 5 Red on
feedlie swstch @m?s tleded gnd btar peiatiswitaheSH3 k5. cl&edaAlt ethehfeed line
y | ar

swﬂ%?/e g:?lggg af? gulerg ? H%lﬁ&\\}nkcgﬁg %a’rét 8 {%r&s%qﬁérﬁt th f?onq end of
segmegﬁ‘@tt‘frﬂ?ﬁ e@delswdegsitougi toibe lbtatedop ttuzsv@lt bandside of Flg 12 and
19) Bk FEOALS DS AR 7 phERL3RL R0, LR RARE S o
segmenﬂﬂTZedlretshorted byn eloggd star banghlth‘SEbabé(tmm nesfinishgment T2 are

1 h P
carrYInﬁ 1@ e\s’}aet%@gggaaé ?@rrﬁa ‘ﬁ'{q ahrpe%ggr?& {?%ddﬁs?%&e g%g{rgl%ggnetlc field is
generatpdsin brde3 tapevitetthe ael:nylehngthaaflecam enargy. |A1tg|ougtn ttmrttack ends of
the ieR 3 shd g are FESocnebill 1, WeTaee ng RE ViRleckibisivien sPo,
the Itrrefstdﬁ segreemti 'Iriieare noTbagrryimdnac hitemating awresnt, |sng>eftre)frontm1ds of the
ines.f geoltBRE 23 iiCndlhat bihmebos'§ ol Afyhie e ORERd Sipdgto e

feeddimei cle will enter the section of the pat h of

The vehicle is travelling from the left hand side of Fig. 12 to the right hand side of Fig. 12.
Consequently, the receiving device(s) of the vehicle will enter the section of the path of
travel along segment T3. Preferably, before the receiving device actually enters segment
T3, this segment is switched on so that it will be operated at the same time as segment
T2, i.e. segments T2 and T3 are consecutive segments which are operated at the same

time.

In order to switch on segment T3, first the feed line switch SP4 is closed. As a result, the

series connection of the corresponding lines of segment T2 and T3 is connected to the



travel along segnent T3. Preferably, before the

recei ving device actually enters segnent T3, this
WG egnmni495 s switched on so that it will be opeP&l/EH2089/004961

the sane tinme as segnent T2,24i.e. segnents T2 and T3

are consecutive segnents whi'ch are operated at the

sams time. In order to switch on segnent T3, first the

[ 4 0

feedl dleéSS \{:]aofr(l%g‘ bg gw§§l? SFE a%ébé:‘tftg% 8@% dl@ldé%ﬂ”e SenteF'%onnectlon it is
still csm'gleeteti tda mndnd’restasp@nwlaaslaedombswlm%ﬁ Therafore358 three-phase

ateFi bty Bl S e g ofLadhishug T88hggade of the

conne ion 1S°S connec to a connnn
star point via star point switch SE2. Therefore,

In atfcplﬁgl?ngoﬁqgéﬁa%e r}eer Q\Afl%h of #Lo,thg rﬁerjgascfe‘ﬁaﬁt\&%engggﬁ\(vg tPJSn?ecut ve
seghemts TR\ 8 dhoEifiedads stimsvn inttbe fomee hbif bflEign12.he t wo
consecutive segnments T2, T3 is opened, as shown in the

| ower half of Fig. 12. Next, as an option, segnent T4
Nextyag aloeapawh tsegewnbn4 maytbecsvatrhed oalimthe sam&mgnmrtasﬁégment T3,

o b B RB RERHRCEL 4T 5 ey

Homgnahemim/alsa)segmeew 2 mlag becitchedsoff(dsl wil be aﬂescrlbeldemith

refeygng%] &c?} elg i:?eﬂ) ??]re Sﬁg"‘gag‘é‘? ﬁk\;n?{c%f gﬁ‘ qﬁ g%g ca;r g leg SI alwags at
Ieas!seetgmmgmmusmumﬂ mna@dp@ptedaﬂrmﬂe thiecneeeiving deexce(sv phthpe vehicle

s 1of 4y FRUE ool o e PR Gocor i on

above may not only apply to a three phase system

The 5%%?@:{]@ %B%%ecr%ﬁg ﬁéég rl?gcgg ﬁrﬁé E\g%eio & éeg E\%&ﬁ%‘l 'aX? conductor
arrasgemert having aohsexuties segmentaethe ieesatofarhitly cdn be toruiestsdrig series

to e Jﬁ tf‘lgr g?rl- hg %PQ% I?rg g&&g&th%pfgg% L\% %\Digcho%‘l?j(%etﬁ ‘éégnlng the

e Sw ove
othee femaldine  swiithle abmleemte:facajas:dexcnbed aboremEnt exaampledhe othery

mnéd&@%ﬂ%}&éméw %SNOOBJI segzgnd ih?ﬁe%orlerbnm lines in each

ree" pnas
segroent) esmoredihag tmraa‘pbasesfwulh aneerrespoedmb rsietpee nf lineSun kacn

coa S0 S ABRAS B APARRF R Y B BB &

desdibed Ibelowr ideonbecteniwithigf 3. segnent T2, when segnents
T2 and T3 are operated at the sane tine, star point
switch SE3 is closed first. As a result, the phases at

In oidketo switthfoffceghent B2 whdresegmends T2 ane TSegeroperateizgt the@same

time}’\g{a E?lﬁ{ i eél’:% g%lo%teg #iﬁi.réﬁg‘?e%rrﬁe é)%age{g@liﬁé ﬁ-ﬁer‘?&% between

ore, he curren
the ¢dnswcurtge sbgmanfsol2, Jdi whjich aepoperated qmdmensarmmmeharssborted and,

ther%fg qe %%?%ro%{h thg%ggn Rf 'i'é) thgg flg\ﬁﬁg el‘ﬁtd i%ﬂo%b Igte’f) Star point

switch SE2 can be opened

The description in connection with Fig. 12 and 13 is just an example. As mentioned
above, the conductor arrangement may be modified regarding the number of phases
and/or regarding the realisation of the feed line switches and the star point switches. For
example, there may be additional switches at the interfaces between consecutive
segments in order to open or close the connection between the corresponding lines in the

consecutive segments.



above, the conductor arrangenment nmay be nodified

regardi ng the nunber of phases and/or regarding the
W0 e@bioseds on of the feed Iine switches and t hePGT/&P2009/004961

poi nt swi tches. For exanple,,.there nmay be additional

switches at the interfaces between consecutive

segnments in order to open or close the connection
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's’a@e"gﬁgﬂ?‘é which is/are operated. It should been noted

that nore than one vehicle may travel on the path of
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arrangerent W five consecutive seghents of a

conductor arrangenent. Segments T 1 and T5 are | ocated

P23 gl SRS S A
arrapgarhérer Sedraents Ad dneri aredécated atthe bppaditeendsef ther@ndlictor

arraﬁ@eri'igﬁ. §8§ré§r‘ﬁ? g'adirg,grdjﬁle%egérlebfs%r{gsaﬁighsgigsr{iéiIg? th]aAi‘ﬁhe length

connec a power su
of a wehisleawtiichainag trauelionghe vorespondimgrpath eftoamel.in Fig. 6).
The feed line 145 extends al ong segnents T2, T3, T4,
but not along segnents T 1 and T5. In practice,
A feged inee M SisTobnected Kba payersupphbtd7s(soch as thelranstantalternating

o : : . .
corbLobobriE LS HRIE i 1 4, SFeMbiE Ll 12, 5. o
but mottatongi segmentsoht and 5. Ingradiice f sagohentan &1 and TS may also be shorter
than the length of a vehicle which is to be supplied with energy. Furthermore, there may

be more segments extending in parallel to the feed line.

At each interface between segments T2, T3 and T4, the lines of these segments are
connected in series to each other. However, at the interfaces between segments T1, T2
and T4, T5, there is a switch SC1, SC5 which disconnects the corresponding lines of the

consecutive segments, if the switch is open.



At each interface between segnents T2, T3 and T4, the
lines of these segnents are connected in series to
weaaio/ooidoer . However, at the interfaces betweePCT/EP2009/004961
segnents T 1, T2 and T4, T5, there is a switch SCI,
SC5 whi ch dlsconnects the co&;espondlng lines of the
consecutive segnents, if theswitch is open.Simlarly
to the arrangenments shown in Fig. 12 and 13, there are
Sirﬁ)ﬂa?l&é&@r retrra% A‘lgntg%h% in FI?Eflz QIbere %‘eegtafécﬁnt switches SE1 -
€ en cons Ve Segnen ernDr 0
SEdiateactrinterface Betgleenzomm\ae sdgmmts Fughérpwde, | alsvssimilarly to Fig.
12§%t1§%1e$gﬁla Fee§FI)|ﬂe M%EP'I n%g,r4f ‘?8§cr} ||n[eh Eger to
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tra\Q-;fl aha ﬂ%?'be tJufneu ) ﬁhé%frcﬁfﬁd%lé\ﬁ]ﬁfe ﬁah?afft&%il lltl i) Brelférred that the

shi e at el ectromagneti.c oduced by
feeflffige gﬂé&fé@e%ﬁo Fhteledmmagnelic fisgs aeoevem the pBfes of the feed line

arerkﬁéﬁrﬂéd fréY8 peRéteating inte the eruirBBMENt, 6F, aré$ignificantly reduced
reduced regardi ng thei'r field intensity.

ni ficant I
rega %Wﬂ'gﬁlgd tapdle, is preferred that all

consecutive segnents mhich are operated at the sane
conn in s to each othe nd not in
As et aHegS e Brealered ek Al S PaiBeteRTec it Helapgrated at
thelhmestinanaredoadédted in sefrie$ Ieegohadtrerrand noe ingpadalledfo édoh other. The
i nvent |

amareEes S B g 1 B S e SR 1atian Bl g iventon,
narpely using staf painh nchnEstigret atttheintariglogs hawdels corsseobtiveespaereints. The
onch o 836 Y o R, Sl SRR F LB e
sidg ofl segmuenT 35 hare aldvostarmbinttconhecterhde. e e lines ¢fysegments T1 and
T5 QFedsﬁr{onEg a?@ﬁ%‘%dsbw?e‘thﬂ@ W&HE: t%%%ﬁ%‘itﬁ?tws%e?{ gegments

oper ate are electrica
whighare opdfrated at thetsemsstingtaregiectaedly aatallplrtwadedthan @witches SC1

and8€8 ahée "32’3?55@5‘% eg,v\,”é% §§}9Ws an arrangenent of

SWtc I'ng” a single phase. The
switches Z 1, Z2 are sem conductor sw tches,

FigP 1 S ah dr{Fb8mehl tevAchiss S 6 Aldiing H 8k phate e
be al s0 ot her sem conductors sw tgc hes, suc
swutgh@ Z(I (&2 aresgniconductor switches, preferably IGBTs (Insulated Gate Bipolar

Transistors), but may be also other semiconductors switches, such as GTOs (Gate Turn-
Off Transistors).

The control electrodes 151, 152 of the switches Z1, Z2 are connected to a control device
153. The control of the switches may be performed in any manner known in the art.

Further elements and connections for performing the control are not shown in Fig. 15a-c.

SUBSTITUTE SHEET (RULE 26)



Of Transistors). The control electrodes 151, 152 of

the swtches Z1, Z2 are connected to a control device
waQ2@0/0003es control of the switches may be perf oPaEEP2009/004961

any manner known in the art. Further elenments and

connections for performng t control are not shown

in Fig. 15a-c.In Fig. 15b and 15c, two different

operating states of the switch arrangenent are

 FBLASHIRE B, oo A ARG g

illuetcmmadn Fin 1§b|anteld@dc turrent isrflosing fedre sheztop trpugnslyitdhr &into the
o B A B H5H011 B SR P g unen

diode D29which ismanodcted . patdlle| torsvdtchd2r ent flows in the

opposite direction through the arrangenent of

switches, through the switch 22, then to the
Aceasding é@ thgn"lﬁﬁﬁmn afd4g.ai%e. lhﬁ@ﬁﬂemirf@wghn thecopposite direction through

thefafr%‘?\gmgﬁi df@gntgr'\é%d ﬁm%gln e 'sﬁ/hcﬂ 32 GRENBthE o cRGH 64) hfe{ 54 and

to swt order to realize a star point SWt
theoghrehgfa@esfwer\emﬁeélnsépde Ddpshiphismognected irparalig) to symop 21

one sem conductor switch is required for each phase

For exanpl e based on_the arrangenent_ shown in 9
In qraer togoglize |9atar Rintswitch (sugh g switehes 3 Toe SERIN F'sd 2 ?%13) only

ond !a@ﬁi@ohcﬁ;cfmlsw.témstrsau.Zedlfo.aégi:htdw@s@ q='orr %ﬁé’rﬁﬁl@'bﬁged on the
free- mheellng diode D 1 for each phase

amgpaesrent shewn Brfii@:ctoe therewarhall o fhresmangemest SERRAitgH, Lo there

is My sWitch?4. arldtthe BoﬁéBthGMQ HebWHeeig &%é DR €5r.eatH pRass The three
traditi onal sw tches, are

c
ph‘i?&ééf%?%!"‘@lc'ﬁgﬁ% egch afpeg atihe 8?”’1%59&'?%’?9‘55\49081% gepfigurations of
switdhes 38uch @saradRibhdlInfedh8nic;switdhes, bft 416d podibl@ir to a

track bound vehicle such as a light rail vehicle,
wherein - the system conprises an el ectric conductor
arrangement ( 12) for producing an alternating

el ectromagnetic field and for thereby transferring the
energy to the vehicle (81 ; 92), - the electric
conductor arrangenent (12) conprises at |east two
lines ( 1, 2, 3), wherein each line ( 1, 2, 3) is
adapted to carry a different one of phases of an
alternating electric current, - the conductor
arrangenent conprises a plurality of segnments (T1 ,
T2, T3, T4, T5), wherein each segnment (T1, T2, T3, T4,
T5) extends along a different section of the path of
travel of the vehicle, each segnent (T1 , T2, T3, T4,
T5) conprises sections of the at least two |ines and
each segnment (T1 , T2, T3, T4, T5) can be switched on
and off separately of the other segnents.
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2. The system of the preceding claim wherein the
conduct or arrangenent is arranged in such a manner
WO b@b/0ai49% east two consecutive segnents can bePGPEP2N®004961

at a time, wherein corresponging lines ( 1, 2, 3) for
carrying the sanme phase of the alternating current in
the consecutive sections are connected in series to

ClaIeach other. 3. The system of the preceding claim
MRerein a switch or an arrangenent of switches is
| ocated at an interface between two consecutive

Lo R P b B Endtty RP R (FT 92005 hEtiRuh® a track

sudlouad matnclersutmas a light rail vghioleewbéreirhe two consecuti ve
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that, if_hoth (% ve segnents are operated at the
samne t| 9‘ é‘ Zo@qeggkndi ng lines of the consecutive
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ctgment (TR 2R a8 (2 S} BBl colU B Fisahidfg of phases
| engt h mnfaaauedmattmgaeléathp chgtent,n the travel direction

and wherein t stemis ad tedtoo e se S

(11 7 oSt Saenpy t ARG RS S LY T2 o,
occupyi rTg a5), edpeain each segrmerdfTOT2, A8, 'p@,tTS)teﬁ(tdndaaEinga
where t

The oy HIRET EReTahe ftoet dxi i deric, BRA'SEomelrrt. T2
i's adaptTedTu.oTS\nomplmswsedtonsegﬂrveratiea(sﬂ'ﬁlvo, ling2 and Bach 4egment
f espoct XU EETET D TP coRbeisaftihed Sp pifyolf RSN g gtrer

for trarsegmenisng el ectric energy to a vehl cle (81 ;
92), in particular to a track bound vehicle such as a
light rail vehicle, wherein - an electromagnetic field
2.s Thecysteatbflife precediag iclaim, wherdincthe coaductorgerange mé tbis

ol SRpRoe urHbRy 5 TaieR Byl RaFCpcpREg, Ve sEneA can be
el eperatethatreetime, Whezeid oosreppcmﬂmgslmelsw 213 tortdanyingtthe same

i1 PResfoiihe ahaafiselitori i Rer EhRb IR s dio S e bdhofter i

( 13¢rientd daghothedtuct i ng at Ieast a second phase of t he
alternating current in a second line (2) of the

el ectric conductor arrangenent (12) the electric

2 oThe cyste meof itbe preceding 2, wherein a switch or an arrangement of

switches is located at an interface between two consecutive segments of the
conductor arrangement and wherein the switch or the arrangement or switches is
operated in such a manner that, if only one of the two consecutive segments is
operated at the same time, the lines of the segment which is operated are
connected to a common star point or to a power supply system, and that, if both
consecutive segments are operated at the same time, the corresponding lines of

the consecutive segments are connected in series to each other.

4. The system of one of the preceding claims, wherein the segments (T1, T2, T3, T4,
T5) are shorter than the length of a vehicle (81; 92) in the travel direction and
wherein the system is adapted to operate segments (T1, T2, T3, T4, TS)only if a



- segnents (T1 , T2, T3, T4, T5) of the conductor

arrangenent are switched on and off separately of
wothenoseyments (T1 , T2, T3, T4, T5) in order PCHEP2009/004961

generate the electromagnetigfield in a restricted

region of the path of travel™of the vehicle, wherein

each segnent (T1 , T2, T3, T4, T5) extends along a

di ffer ; ' . 1 he f V. 0 e
e Pt i e Ce
comspgmest(T3eT2,i T J4oTS)ikdocated. east two |ines.. 7. The

nmet hod of the preceding claim wherein at | east two

consecutive segnments (T1 , T2, T3, T4, T5) are
Hpdhatsysiteat oftthe peegading ickaim, whereai the systemsp adabtad td swidsh on the

( f arh V4 ; fe b ,
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T2 respectivieisectibn ofithe pathofdcivet! i n series to each ot her.

8. The method of the preceding claim wherein, if only

one of the two consecutive segnents is operated at a

6.1 emethiod fon trexsfe(rirlg el@ctrid pnefgyttba vebighee(8tl; 92)1in, paftitsular to a
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Pr2ECC! 8o llyadbi a4 e ER8LD oS BRIt phase o
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sccupy! 85 A sbostaidy YESUEL Socriehs (P2, Tap ) in orer to
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., o B SRR Byl P35 Y5 g
vol t age dﬁfedéMrseatiWﬂMpaﬂwmf triavelf theevehiglérand wiereinf@ach
T4, T5 [ [ I .
cur rent Soameth 315 PE0E 18, CBfBmliskE B S 3P etiealt ufbytnes..
(81; 92) to the line segnent (T1 , T2, T3, T4, T5)

n r ' ' e f ' | &l
B SR B RUSEH MRS IPROR IS St smenss
oné€TbfTZ A8, Thriée ape epardied it easares timb ewhkenainecosregpanding lines
( T%1, ZT%') foT%zrrying the same phase of the altemating current in the consecutive
sections (T1, T2, T3, T4, T5) are connected in series to each other.

8. The method of the preceding claim, wherein, if only one of the two consecutive
segments is operated at a time, the lines (1, 2, 3) of the segment (T1, T2, T3, T4,
T5) which is operated are connected to a common star point or to a power supply
system, and wherein, if the two consecutive segments are operated at the same
time, the corresponding lines (1, 2, 3) of the consecutive segments (T1, T2, T3,

T4, T5) are connected in series to each other.



T4, T5) is switched on before a receiving device of a
vehicle (81 ; 92) for receiving the transferred energy
W@re1e/08040Hhe secti on of the path of travel al onBCWEPZIGI/004961

the segnment (T1 , T2, T3, T430 T5) extends.

9.

10.

11.

12.

The method of the preceding claim, wherein the lengths of the segments (T1, T2,
T3, T4, T5) along the path of travel are shorter than the length of a vehicle (81; 92)
in the travel direction and wherein segments (T1, T2, T3, T4, T5) are switched on
only if a vehicle (81; 92) is already occupying the respective section of the path of
travel along which segment (T1, T2, T3, T4, T5) extends.

The method of the preceding claim, wherein the segments (T1, T2, T3, T4, T5) are
switched on only if a vehicle (81; 92) is fully occupying the respective section of
the path of travel.

The method of one of the two preceding claim, wherein the occupation of a
respective section by a vehicle (81; 92) is detected by detecting a voltage and/or a
current in the segment (T1, T2, T3, T4, T5) or in a separate loop, which voltage
and/or a current is caused by inductive coupling of the vehicle (81; 92) to the line
segment (T1, T2, T3, T4, T5) and/or which is caused by electromagnetic fields
produced by the vehicle (81; 92).

The method of one of the three preceding claims, wherein a segment (T1, T2, T3,
T4, T5) is switched on before a receiving device of a vehicle (81; 92) for receiving
the transferred energy enters the section of the path of travel along which the
segment (T1, T2, T3, T4, T5) extends.



