| nductively 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 gve')&'%ﬁlﬂgl%e%%ﬁ/?mﬁghfpfél\@btqlq 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 electrochenically stored energy or fuel (e.g.
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| ines are undesirable. On the other hand, conductor rails in the ground or
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way- powered el ectric vehic stem | -electric vehicle has one or
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as a network of el ectronechanical batteries e energ storage el enent s
may be célaetjeanengyifer praeulsion on the track and foroperatmg auxnhary systems, which do

not produce traction of the vehicle. Such auxiliary systems are, for example, lighting
systems, heating and/or air condition system, the air ventilation and 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.



vehicle is in operation. The charging occurs through a network of power
coupling elenents, e.g. coils enbedded in the road way. Inductive heating
coi | s ar evpaewresisdat passenger | oading / unl oadi ng zone®CIIEPRIGHICIBO

i ncrease passenger safety. Placing the coils at selected | ocations al ong
the Il ength of the roadway has the disa&Vantage that the energy storage on
board the vehicle needs a |arge storage capacity. In addition, if the
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eIectron&ﬁﬁ@ﬂXQM¢m%st is subject to restrictions regardi ng EMC

(el ectromagnetic conpatibility). On one hand, el ectromagnetic fields may
interfere wth other technical devices. On the other hand, people and
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in the vehicle. Furthernore, fluctuations of the alternating current or
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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



under the surface of the ground on which the vehicle travels. However, the
I nvention also includes the case that at |east a part of the conductor

ar rangeneWwo 208/U3pWat ed si deways of the track, for exanpPE€TIER2IVIOME3Arack is
| ocated in the country side or in a tunpel. The frequency of the
alternating current which flows through the conductor arrangenent nmay be a
hi gh frequency in the range of 1-100 kHz, in particular in the range of

10- 30 kHpe vehRiccsrailbe ra@@idd. PRI&HBlY, HRWRYEhteniRlthé ERGKRTRSf & € al so
possi ble. The principle of transferring the energy by el ectromagnetic
fields heeseving deyipgitietheyghiclersha ®8deM+t or arrangement can be el ectrically
I nsul at ed agai nst contact. For exanple the wires or lines of the conductor
arrangenment can be buried in the ground. No pedestrian may unintentionally
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rails, is solved. wever, using a'singlé coil (as disclosed ir / 30556
A2) causeundegbice)and whieh is et mevingiwhilgiie vehide & Eaveling tathesyafigle-nidecur r ent
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intensity of the received el ectromagnelic fj% vary while the vehicle
i s traveflpetirmagnetic fieldanddhe elestromagnetisdield iswsed tafranstey the elgictricienergyy and

t he alt e@onAs VBKIcleUr rent which is produced by the coil causes secondary

el ectromagnetic fields. Therefore, it is proposed to use a receiving device
wi thin the vehicle which produces an alternating electric current having a
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arrangenment for providing a véhicle, In particular a track bound veﬁlcle,
wi t h el ednder ¢hessistage of hecgreund emwhighithe yehigla travelspiiowevas. the davieptieryalsevi ce
adapt ed {heBES fe\asd thatlat RASES pAHY ofthe Coh@iaS Stdrigeieht & 160ed SiabwaliGe an
alternating electric current by el ectromagnetic induction, wherein the
recei vi ni§ed@gkder example when theiragkdib ilqopteskin therepuiddy sideierdn aduaned. of
electrically conducting material, wherein each winding or coil is adapted
to produce a separate phase of the alternating electric current.

Fur t her nDheefrequensy phihgeakemating cumrentadueh flays thraughdhe gordugtasiamaegemant

parti cul Rby Be la RGHK FrBQuERRy Wt GhiRge ¥f 1-RoGkAE iR perROBF Mthe iRedmotde
arrangenent conprises a receiving device adapted to receive an alternating
el ect r onidr@referablyaabous 3@ kHa. HeweNasother faaqueneigs pregaled eessible: current by

el ectromagnetic i nduction, wherein the receiving device conprises a
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travelling direction of the vehicle.

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



VWhile the vehicle is travelling the different wi ndings or coils may receive
an electromagnetic field of different intensity, but the total power
produced W9 2bto3wiondi ngs or coils is | ess dependent on PCEREP2800@3@
decreasi ng power of one w nding or coil, can be conpensated by a hi gher
power of another w nding or coil. Because the windings or coils are |ocated
at different positions, the power depends on the average intensity of the

el ect r onpanghvidg éémedadaatédhe aiBitdrhating SOMRINRGNRYc fie arund! bﬂﬂﬁw@r

coils. According to a _specific odi ment, "the receiving area (I.e.
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W ndi ngsggr@tor coils may part of a single unit. Such a unit may have a
housi ng V\/nerei n the w ndings and/or coils are | ocated within the housing.
In addition, a vehicle may have nore than one of the units at different
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phase. Al though it rue a sing e col aving a larg nber of
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extending transversely t direction of travel. Consequently, the
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transversely t ection of travel 1s”sm coil 1 s understood to
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or voltage are pro uced by the w ndings or coi are connected in
such a manner and/or are conbined with further elenents and/ or devices of

the el echgdofdihy t>y ShEMOEmbEFEMYRE e R chiRh afea(i BB ded WhlchGHESIGEY the
magnetic flux that causes the alternating voltage in the windings and/or coils) of different
windings and/or coils may overlap each other. Examples are shown in the attached
figures and will be described below. More generally speaking, the different phases of the
windings and/or coils may part of a single unit. Such a unit may have a housing wherein
the windings and/or coils are located within the housing. In addition, a vehicle may have

more than one of the units at different positions in travel direction.

Another advantage of a receiving device having a plurality of phases is that the
electromagnetic fields which are produced by the phases at least partially compensate
each other. Therefore, the energy can be transferred to the vehicle at higher power
densities without exceeding the EMC limits or, alternatively, the field intensities can be
reduced. Furthermore, the power density which can be achieved by a receiving device

having plural phases is higher than for a single phase.



I s produced. For exanple, as will be described in nore detail |ater, each
phase can be connected to an AC/DC converter (i.e. a converter which
converts WheIwV&hat i ng current produce by the recei vi RETERRI0OH0698% 0 a
direct current) and the DC sides of thg converters can be connected in
series and/or in parallel to each other. However, it is also possible to
connect sone or all phases to the same AC/DC converter. The phases may
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ground (in the special case of a rai ehicl e round | evel 1s defined by
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2 - 3 cm above the ground The line or_lines of the nonnovabl e conduct or
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ground, preferably not nore than 10 cm However, especially the
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to the regsielitd8adhenthée i s reduced. Preferably, the receiving device which
receives the transferred energy is novable in vertical direction so that it
can be brought in a position closely above ground and it can be lifted into

a hi gherpmslgqnewﬁe?eﬂmag@&@ﬂtné Bﬂerﬂﬁﬁﬂgﬁ rire'irtBWolté@édvm&fﬁEer@dﬂdéd as
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which is recel ved by the w ndings and/or _coils induces, secondary
al t er nat ;pq@t chherenpesite,ends of the windings or coils may be connected to the load.

Preferably, the windings and/or coils of the receiving device are positioned only a few
centimetres above the primary side conductor arrangement, because the magnetic
coupling between primary and secondary coils will decrease with increasing distance.
E.g.. the windings and/or coils are positioned not more than 10 cm above the ground (in
the special case of a rail vehicle, ground level is defined by the underside of the wheels
which is also the level of the surface at the upper side of the rails), preferably not more
than 7 cm and most preferred 2 — 3 cm above the ground. The line or lines of the non-
movable conductor arrangement may be located not more than 20 cm below the surface
of the ground, preferably not more than 10 cm. However, especially the transversely
extending sections may be located within the sleepers of a railway or more generally

speaking above ground. In this case the distance to the receiving device is reduced.



voltages in the wi ndings and/or coils of the receiving device. In turn,
these alternating currents produce an alternating electromagnetic field (in
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el ectromagnetic field has different figld strength at different |ocations
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vehi cl e. Typica consi st of the material which may be a
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body increases the magnetic flux density and by that the output power
the direction of travel) electric currents having opposite directions can be produced at

different locations of the receiving device at each point in time. For example, the primary
electromagnetic field may be produced by the lines of a plurality of phases of an
alternating current conductor arrangement, wherein each phase has sections extending
transversely to the direction of travel (this will be described in more detail below). In this
case, it is preferred that the phases of the receiving device also have line sections which
are extending transversely to the direction of travel. Furthermore, the pole distance (which
is defined by the distance of the transversely extending sections, provided that the
currents through consecutive sections of different phases are oriented opposite to each
other) may be the same or may be in the same order of magnitude on the primary side
and on the secondary side (i.e. within the receiving device). If the pole distance is nearly
the same, the magnetic poles of the primary electromagnetic field produce currents in the
transversely extending sections of the receiving device which are flowing in opposite
directions, 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



of the receiving device and in addition the side of the body which is
opposite to the windings or coils is kept (nearly) free of electromagnetic
fields pre@Re¥dP3IBPSt he wi ndings/coils. As preferred, thPSTEHEHRRYWIPE3&I de nmay
be the top side and the receiving devi may be | ocated 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

recei Vi ngbdmdsGfeffdcite \Nn s ol MOdiStansLina§ beautreqangé éﬁs&ﬁébéﬂﬁﬁetré%m ch
extend transversely to the direction of travel the vehicle and whi ch
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i's pref edig@fcd rsarot raragéﬁhéreré 'trﬁr'é% t @isréhaé bf t(REUIRES on tHe dritRaryisid@Caridome Of

travel - alon e same size as a_projection of the

surface 'meéamghe iy r%aalys'%t%ef?r?@lvp nghlargefthancy Wﬂ@ﬁ@wmcﬂth@rshaeﬁdr gpregoil s
are dist rﬁdtl?Mﬁr%Qe ke SaUph bemn%@bmnb@%rbecmaﬁy %@%‘fgrﬁfﬂﬁhtl} hehd piié

| ength, which is covered by t erromagneti c , IS used t he w ndi ngs
and/ or cdstagce beppmas jarger ;hantthe d&ﬁaé@e@re%rﬁqrdhﬁ@eew thei Arnay is@ﬁ and thever ed
by the bpgdy oaffe Ybédrdanesdd ves the magnetic flux is naximzed. The |ateral
ends (lateral means in’a direction transverse to the travel direction) of

these sections are usually called nheads” or ncoil heads". It is preferred
to have N%%rﬁ'ﬁ?"@b@dv/&fn%s% 3 #é?roi‘r?d’grn@ﬁ@%?éﬁaﬁs%ge@bé\;@thgmﬁdm&@nd It
S preferred t heads 'extend to the lateral ITmts of the area which

i s coverdi/gncoflywhigh@re 'q%tqét'nendmpaéhe yehigle. Typically.teeibediamay sansiglafi ons

ext end %Ehﬁ&eﬁé]%ﬂrdh%&?b@far% thN@r‘nSi&nhﬁs&ﬁﬂStHﬁﬁ'ﬁa né¥c ﬁd?e@ér%%ﬁﬁé&h has
the sane size as a ection of the surface area of tThe body onto the

pl ane. AgHithin tftermaterrph ¢ hedymay hane thashape ohaviad qriplate. t he nagnetic
coupling to the conductor arrangenent which produces the el ectronmagnetic
field is_i ngroved) of the receiving device and the body still shields the
opposi t eThg fggomaghetiq kadyrinsraasas the Magsetieflys densily apd by thel dhep Ut RAWR]S .

Accor di ng thé rezeRitRddvice HINAAUARBA thedidd 6ABE b%B?vr/ﬂfcht@Sp;B&fﬂéQé tf the
recei ving device conprises two or nore parallel”conductors l i nes,

wher ei n WRERISPT £ojls is kwéén%arwf'regeée'&ctmrnagnﬂjwcﬁlplda %@ﬁqcfdm(t% are

el ectri C@rhhng&/@&&e%%‘ﬂefbﬁecﬁ’Qﬁ@'dp%bsr@sr@@ﬁﬁy%hﬁé topTJ?déaﬁE?ﬁr&Sre&é]@rh?bOt h
conductors produce an alternating current if an alternating magnefic fl ux

i s presefftvicermay,be {gcatedia) the beltam of fhgwebiste ordiefpvethervehiclgosq thak Bedigichot

exactly ,ﬁ@ngm&mﬁtm,@@ghmgme alternating voltages produced by the
lines are slightly different. These differences would result in a parti al

conpensation of the current and the effective power would be reduced.
Ther ef or@.orddr tb furthe? RePHe tRe 6QPUESSWErH? tH R8Siving delRe SheWikdifgd Sddlof N the

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 fuli 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.



vehicle via a differential current transforner for elimnating any
differential current of the two parallel lines. For exanple, the

di f f er entWa@lR20BI¥At transformer may be realised by a r PRF/EFROPSIFISNagnet i C
material and a first of the Iines extends through the ring froma first
side to a second side and the second |ine extends through the ring fromthe
second side to the first side, i.e. in opposite direction conpared to the
first |iggain, '\(nrsemwmﬁ'éa%leltue é@ﬁa&mr (weh&hfatr;ﬁémuﬁl.ngcwths%nam&sf or mer

I s adapted I n a manner t netic roduced by the two |ines
are dir e@ﬂamemenéwbtsé.m@dtmesém ele#rqmgnqﬂcflﬁkj ig mrrng)@é theyggeiving

1 anst or g@iocCaPhE bk SHPSHIBGH Hd doplolfd Se #ant diBlrdHoribhit fiEe B} irgloofr 1 ent
is elimnated or prevented. Therefore, | fferential current transfornmner
renmoves jorwindiBgential current in the parallel lines so that the usable
power is increased. A capacity (e.g. one capacitor or an arrangenent having
more than one capacitor) may be connected in series or in parallel to each
of the WAeROTPiaE tam gpesificembediment ghigasisanecf teephargs of thececeivingidevige ndi ngs
and/or CQirrisel fwd BPmbRP ALl LBndiciors MUIFALE diidhoih BaLAS 18 1hbE Bl
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coils. méswwamet\ymé'ng &' splb Howeyep sinse thmwol@eéud@.ruééxawm@dhw the same
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capacities may ute anong sections o hases so that each
capaci t yditerepesssewd fQSWé! in adhgetial wmperaﬁatlph@f %@cqurr@ntandwthpreé‘estr\@@oweme | i ne
(whi ch i gohgBE g4 ud@@urﬁeréf%ré) li0d %F%@e&"t@&id?\gc%e Fn&Q1d the Hﬁ&

| east onecapacitor | east acitors are arran({:! I n t
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the |iney, l&@ﬁﬁesﬁp}ﬂr SRfhpe, ttﬂehﬁ‘@rédtla?&r@nt rQﬁsf@ﬁﬁ%ﬁﬁ%& 54 AR iS5t or
arrangerrent the capacities are connected I n parall to the w n i ngs
and/ or c#d of fe-awnagmeéncmten@l andrerfispof fiag lineg extensigshrangh theping fere a fieti ch
producessifd fk%@@w thé sbbahdlineelidiasTRRALA U iy FrERAREEaondsR t he
path of trav causes an alternating current having constant anplitude
in the vioride figh sidad/eoin ernasie directioncompaead tadhelfirst hnq m@reasaerﬁily es are
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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



Either an alternating current wth constant anplitude or an alternating
voltage with constant anplitude can be desirable, depending on the

consti t utWorouwfo3ti®é el ectric power supply system wi t hi nPCHEPQeN/084980 | n al |
the cases nentioned before, the capacitjes are chosen to conpensate the

I nductivities of the windings and/or coils to produce a resulting inpedance
of (approximately) zero in case of a series connection or infinite in case
of paral n | ; Walall ; ki ' connect ed
Fo an AR EF a8 o apdq Rl BRGNS ) n® TR o ler ter o
may be cdoeated atdifferent pesitiapsrin theegourseaef the ling dihesgas may apely ticthsi limes obf  t he
convert egg ﬁ%&&ﬂ@%ﬁ&%ﬂbé%nw produce a sum vol tage usabl e for
suppl yi ng g ectric energy to a“consunmer within the vehicle. For exanple,
each of the converters nmay have a bridge consisting of two di odes, wherein
aterm Weloll k L b ol \Si ; >td ng |ine
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coils are connected - for edch wnding or coil separately - to an”AC/ DC
conver t e¢onstant amplitude ingthg windiegs and/er eails. Qndhe othechande if ke capacities are
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adversely a any non-synmetric aviour of "the erent phases,
i .e. thecallbternating voltages or alternating currents produced by the
di fferent phases do not conpensate each other. Non-symetric behavi our
nmeans that the different phases produce alternating voltages or alternating
cur r ent sEitifer @nfalternating aupentwitiesonstaot amplitnge er anualtarpatifiof vodtageiwitbr i ent at i on
of the windj royell . ' ; | ; f B a for
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aver age supglyeaystent witkinitke veéhicleane at each winding or coil. A capacity may
be connected between the direct current termnals of the converter or
converters. Such a capacity snoothes fluctuations of the direct voltage on
t he DC sihddl the cases reentipaed before, the capadities @reiehosenttp comapagdte the s a super
cap or JF-T o g2 tiRd: it | rgy storage of
tho ener g Tt ABDSTRE wilingy BIoF BHE to plodied a TEsuiRfinfpeddfoetic

(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.



Preferably, a switch is connected in parallel to the capacity and the
arrangenent conprises a control device adapted to automatically close the
switch i fwonRrelepsity is fully | oaded with el ectric en®CHEP2004/004930 eby
shortening the DC side of the converteﬁé and adapted to automatically open
the switch if the capacity is able to receive electric energy fromthe

wi ndi ngs and/or coils. The fully | oaded state may be detected by neasuring
the voltage across the capacity. A specific value of the voltage nay be
predefined which corresponds to the fully |oaded state. A diode or another
one way !vahe/eam;detseﬁtwﬁném W praceding paragaphieths werfernansetah the eiritdspaci ty
cannot - B REER Stecttl By ldhy FRhIMridIAL bl idur 8Y e dreft frages il feng t he

energy to the ve erein the system conprises the conductor
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The non-3ree fufirecqiving thef magreticflux oftteczlectramagnetie field, eveadt the@verasegy to the
vehi cl e rqun%’(i%‘fpxtiMefnge e3h WAlitY 65coilt e System conpri ses a
(non-novabre) electric conductor arrangenent for producing an

el ectromagnetic field and for thereby transferring the energy to the

vehi cl e, <ol | PR LERS l i nes
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an el ectcapsuifnen be usedagian ghergeistoragre okthe coergy\seippiGiistencofibe vehiplgy e
alternating nmagnetic polarities, the row of successive magnetic poles
extends in the travel direction of the vehicle which is defined by the
track. APretarablyiaswijch is igennrgotectimpanglicbte the fchpraity pditheafrangesemg f eat ur es:
t he syst [ | tHisd &hih § b
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case) orleagrthwith eleciin eacrayrandtthergby ghertaning the DC side of the converters and

adapted to automatically open the switch if the capacity is able to receive electric energy

from the windings and/or coils. The fully loaded state may be detected by measuring the
voltage across the capacity. A specific value of the voltage may be predefined which
corresponds to the fully loaded state. A diode or another one way valve may be connected

in series to the switch so that the capacity cannot be shortened.

The invention includes a system for transferring the energy to the vehicle, wherein the
system comprises the conductor arrangement which produces the electromagnetic field
along the path of travel and also comprises the arrangement with the receiving device
within the vehicle or on the vehicle. Furthermore, the invention includes a vehicle with the
receiving device and a method of operating the system, the receiving device and/or the
vehicle. A method of manufacturing the system, the receiving device and/or the vehicle is

also included in the invention.

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,



the lines extend along the track, the lines conprise a plurality of
sections which extend transversely to the travel direction of the vehicle
whi ch is WeRIWA3139y t he track, the sections of the sanmePCIER2H9H0&@B8¢ anged
in arowalong the track in such a manper that - at each point in tine
while an alternating electric current is flowing through the Iine - the
alternating current flows through successive sections in the row

al ternat] n%é’elb@tn@@@ﬁ&lcﬁ@r Mnﬁ@hbﬁﬂ&an?pr%@& %?%BQﬂWoﬂﬂeg?&rf&ﬂ?ﬁngr(m each
transferring energy t he vehicle conprises the follow ng features:

el ect rorragﬁéﬁ)@'ﬁ%laéepga’p?lﬂﬂéw eHreRy el ectric conduct or arrangerrent

| ocat ed al Wllﬁé%%xiérﬂ%oﬁdﬁﬁ%qmékt ransferring the energy to the vehicle, the
el ectromagnetic field is produced by conducting at |east the phase current

of two phadhslings asp agrpeatiRSURR adnaRnethat gach linespreduease atleagh privt tdieRict or
ar r angemeniyhiig i ARARKirgEIEARE éur?érﬁ Wh@f&ﬁ&hﬁ RB%né D8 rbwaf Kuédastibe | ines

I n such a manner that - "at each point whi | e the phase currents are
f1 owi ng t himagyetic peles pﬁ@@elecm@awﬁ@é'e& wherain the) sigcessivesagnaticyoles t he

travel diregld alebtiddPayfdticdofardtiBsough a plurality of sections of the
respective line, wherein the phase currents flow through a first group of

the secti offie AW of Suceassivei magnetismolasexandwin tedmyg! direslien atithgvehisieof t he

secti ons i yHidMEis ABfRSH %ﬁthgltfa%ﬁftlon and wherein the sections of the first
group and of the second group of the sanme phase alternate in the direction

of travel.The electric conductor arrangenment conprises at |east two |ines
as ment i QRGARRRY the &@fn%@lglaé de'fuhe@BWéf%ﬁ&mHB?é‘at&r@@n two of these Iines,

wherein each linée is adapted to carré/ one phase of a multi-phase
al t er nati né*‘%%ﬂ%ﬁ@mpﬁsﬁﬁ%ﬂﬁé'@c cpp q@'@*@ﬂ@?'ﬁ“éﬂt that the electric

conduct oy gd SBERERBAJURSTITaR§EmER! &finprisas it @Qgt tWodihes frtalr g (ineatAart ed

to carry one of the three phaSes of a three-phase alternating current.
However, .pa$%)oapwap@§§arbpéem@meqmﬁe are nore than three-phases carried

by a cors egRofHlisktdHdHIGHg Pk tidcRes. The magnetic pol es produced by the
i nes and/or t he sectlons of the different lines are - at each point in

time - e inssommpiise aieralits of sectiens Mbighrextens transyerselyite éhe tfrave!l wher ei n
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phases U, V,Wis repeated several tines
line - the alternating current flows through successive sections 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.



in the direction of the track, i.e. in the travel direction. An exanple

W Il be described later with reference to the attached figures. Each of the
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pol es of an el ectromagnetic field, wherein the successive nagnetic pol es
have al ternating magnetic polarities. In other words: At a given point in
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will influence the resulting electromagnetic field. However, the principle
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ar r angengilyirf pteae ) Rbiiwedbyld E@cti’aﬁ%afrr?iﬁ? fbﬂ!é’é“’d%ﬁcr{ Rabmti8 follb@eH Ibyiang
el ectromagnetic field strength sid t he conduct or arrangenent has a

very smesqctiomcamgng 9hm\e/rartsietmses&§egn¢eamma§ewm Wrie Fepgatedsayrstl 4Mes t o

the CO“QHQH&B:r@JtuBﬁBQﬁ%QFHck ild) iPireaFavePditttion N6h SRRARE Wal be QédPiBEE thtsRgnet i C
fields in the regions of the |ine aresuperinposed si deways of the |ine and

corrpensa‘t"éh eiemEner todhe attached figuress desirabl e to have very smal |
el ectromagnetic field strength on both sides of the track, it is preferred

that the at | east one |line of the electric conductor arranigt; ement i s | ocated
i n and/ dracivefdhe ahigasttwe linghpmoduees hat eachraiidn Himevde the\altgiRating eieetdnd

transver&ﬁ,}eyﬂ Fs(ﬂoﬂnfm"q/ﬂ oUghitRéE lihedD a%wgub&sév@%dgﬁeﬁé pblePbpae. In this
context, "horizont al’'so covers the case that the track nmay form a bent

and is seleeiramagnetic fieldewhereisy the syesrssivgImagnelic pelep bave akermaliiia »aanetic' pl ane

of the (P&l@nt%@ch'd?ﬁ@rW@Ms%t%%@@n {)&ﬁilh'@iﬁﬂa thé lafiBinkling E@férﬁ@ﬂff@'llnbs therefore
referred to the standard case tha he track is extend mg%lln a horizont al

pl ane. TREdYea%e inghe Hisactiop of Havelasemeraetia fipld havirga imagnelieifield vapiRar di y ont o
a hill %hl@Ranﬂd’mfarfﬁQi‘ &ulé%tlé'ﬂ In a firsPREB oA HRNKRY RlloRbd b & deedhd pshied t he
track are ne? he conpensati on of the magnetic

of the line where the fleld vector of the magnetic field is oriented in the opposite direction

of the first direction, followed by another region of the line where the magnetic field vector

is oriented again in the first direction and so on. However, it is not always the case that the

first direction and the direction of the magnetic field vector in the following region of the

line are exactly oriented in opposite direction. 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 extemnal

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



fields sideways of the track. Since the field intensity sideways of the
track is very small, energy can be transferred to the vehicle at high power
and EMC |IW@i201Wsl39és (e.g. 5 uT for the sideways nagnet PETEP2004/0D¢98&NSi ty)
can be nmet easily at the sane tine. Acgprding to a particularly preferred
enbodi nent, each of the lines of the electric conductor arrangenent extends

along the track in a serpentine manner, i.e. sections of the |Iine which
ext end 'ﬁpﬁhﬁt Qéécﬁ%éw%ysoéf tﬁé m&én@e&nws&y@&wdih@rasmcsﬁsgd@%awt%ct ion
whi ch ext ends transverse y t he travel direction which in turn is

f ol | owedhaygaen walhe'gét&m@sﬂ% f'eld strengiicen bath sidles of thedracknit istrrefesred] . The
lines ”BtKalblﬁe rae%lasﬂ@fs% e @I@ctn}_ ﬁ);ﬂgc? nGBmeAEis REAtdd R andRY Ghded | NES

having a curved configuration and rai ght sections with sharply

bent tr ahe ﬁrﬁpbwhsm@eta?cmsgﬁmhnwhlgl@@neaﬁéranmraeﬂy odraxed directiopav el
di recti aitendSh raaf'ld}fibnﬁ?ﬂ%hé’ MR trﬁé éorl%i?tf €Horn%’ntaﬁ b&%%@@rﬂhé’ Eslipat fhRr €

honpgenous field particul ar, pl ural - phase alternati n% current in

the Ii netsacésfm@mf@rra@rkmr%aw Isﬁlgaﬂag@ﬁmw peroasrandingly bp sesneskgymerizentalay e
whi ch NMy8Se 6fMthQlin@ BEARKE FrdyQidd'be Mclirkid digRtyR HrzaMa! |s‘fﬁetr3fo?e ML REd foY

proportional to the distancé of consecutive ‘magnetic poles of the I1ne and

pr opor t i Bastandard ¢aserthatdhe agk isfextandingl in arhesizentg! Riane- dihe sapiearpligpts,, at
| east sopg cqfe Haem%qr?éck@glréawﬂg “%uﬁa.%té mnév@amwrdryqranhﬁ,et mrmime

direction, and preferab %P these sections, extend over a w dth which
i s great :@fcqni@se&q{enq}mm @ﬂh%ltm@t@re\nesgglab\f%@e spmpeneatiop|ab thfnm@a@ettCr ack

for recq‘e\{dsrg%é\p%rtgfw{ kred energy. For exanple, the width of the

sections ma eater than maxi mum wi dth of the vehicles which nay occupy
the track. One advantage of the enmbodinment is that the alternating current

whi ch flgnse m%rf%‘l%gﬂtetngﬁyhéﬂ&ké%t V\%ﬂﬁ&?@ﬁ/e?y SRAY, 'ewe@r&a%q%sfé#eﬁnél ty of

the magnetic field ere ere the recel'ving device may | ocat ed.
A f urt hethe ¥abiglgiatbigh retwer igad émityplugsdeadd o f@lﬁae sidewens masvetm fleziqh

guar ant iiggnki Qgtcamgg ,@étte%gmétltﬁgs?ﬁgqﬁ{é c field intensity is constant over

time. To ac ve this goal nes are connected to an AC (alternating
current) constant-current source which is adapted to feed the lines with an

al ter nat AQQ iy foeélbamt:msﬂﬁmm élﬁb&ium%ﬂhﬁgcﬂ Sf thE nﬁésasvtthé BlectiRal ly

constant) | ndependentl| ower Is transferred fromthe electric
conduct cﬁonduetahg@%@ﬁm% exlgady aleng the hack ip arseaperdine nanpep e sretiopgek.

Accor di ngelife %hR!heécx?ér{d‘%H tRTRRILGR of tr&fel%@foﬁ&v&&ﬂ%ﬂ%&é‘b?%%cwr ce, it
conprises an electrical arrangenment which transforns AC voltage to AC
cur r ent . whigh extends: transvgrsely to the travel direction which in tum is followed agaln by a

section which extends in the direction of travel. The lines may be realized by cables.

The expression “serpentine” covers lines having a curved configuration and/or having
straight sections with sharply bent transition zones to neighbouring sections (which extend
in travel direction). Straight sections are preferred, since they produce more homogenous
fields.

In particular, the plural-phase alternating current in the lines of the conductor arrangement
produces an electromagnetic wave which moves 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 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.



arrangenment may conprise - in each line - an input inductivity at an input
side of the constant-current source and an output inductivity at an out put
si de of tWO20WBSI¥At-current source, wherein the input PCAEPR&NIOOGIRECted tO
a vol tage source, wherein the output sjde is connected to |ine sections

al ong the track, wherein each |line conprises a connection point between the
I nput side and the output side and wherein each connection point is

connect égnd Advartsy8®he 8MBodi nt F%QhS'ttthé‘ 'aﬁe:ﬁaﬁr?d)&ﬁ%ér% whidh fibWé’th%@h\ﬂ%“ cle

or power collector is powere rlnaﬁé power source (which is
f eedi ng gactoRPradesasra marb/r{m@wpuatnt%nsw theanagmﬁt:aﬁlﬁ inthe soioAgEeraN be

applied th? re% |ﬁ§é€Jice3Jng?P€|lc?&ttéd c conductor arrangenent alternatively.

Because o e presence of one vehicle only, any interferences of | oad
di stribution are avoided. In this case, the AC current through the

conduct og flﬁ{h"eﬁa%ﬁ&men( ¥hthe bet%n%’r"rﬁ@tﬂo@ﬁf ﬁw@%r&é&?ﬁ Prﬁ@ﬁtno?‘%dé%ﬁt%%ﬂtﬁ@' y)

depends on the load strength’ Therefore, the electrical |osses of th
pri mary dieqatiepeagnetic &@lﬁm}evw is epnstentipvat time 6Tq achievedpisaoahthe ines he

current 4 BRhe GO SHAC (Aferhitidd GurfedBRohSBREEINAE sGREY Shidhis %d&&@étt@”t AC

current supply The energy source (or power source) may be (this also
appl i es feed dieHines #ithat afingfcufrgat, fipsmean value efivbishiiernstam(emearly f or

produci ng,2nfindddehadfty SR fowdnshians t sfé‘?r'ehff% u%raé&ﬁ@eéaaucw?e

el ectric conductor arrangenent 1s |ocated under the track, e.g. under

gr ound. ATtandemest togdhe yehiglgnsde therehidlescon ﬁhﬁé@cbf the mul ti-phase conduct or
arrangenment are connected at a star point, i.e. the lines are connected to
each other at a connection point which is common to all phases. Such a star
poi nt cohgdoglingta apreferrgsembedimgnt of the Al constaahrurrent sadrcenit gemprigasaAn t he

behavi O%leaﬁcélgﬁaﬂéé%é‘ﬁt vﬂfl&ﬁoug ém%VA@%f’tég“e«to'AceﬁurPé}ﬂtTrﬂé leleEfi‘i%ﬁ?s carry the

sane effective curfent course - ere Is phase shift
bet ween amgpﬁmémaymmpémnwle@omme handepyéinguctivityat e ipmvhsidef heem  t he

phase s héJnE‘a'n’F-c&r?th sBiircdSdlan o}hﬁ:t%&&hﬂ@tét%ﬂ 3{ t8fe df %@@&Et&?ﬁ%ﬁﬁeﬂ@y be

a si nusol da nearly sinusoi current t1 onal advantage of a
star pmsqur%mhecqm&wlneuttmlsmnmm%vcﬂ@ss@@v@e whereliethg omtnut siderice | s

requi redcor(ﬁ%l:te&%‘n’f‘&ééc‘ﬁeﬁs Sfon n%'&‘f‘e GQ&d%Ie%ﬁr% ﬁééfﬁﬂﬁ%ﬁ%wé@at&ﬁn&&%r poriPP! ¥

system can de In secti on of e track. The at |east one line
conpr i seketwpen Hguerytideanshihe puipst side @nd wherein speh comneciprepeint s energy to

t he Vehlé‘dnﬁe%d\{@glcgh%,ﬁggﬂné L5t BSiht G2 3Rba&k. @ | eakage inductivity which

does not contribute to t energy transfer to the vehicle or vehicles,
wherein the inductivity is

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.



conpensated by a capacity or capacities located in the sanme |ine so that
the resulting i npedance of the capacity and the inductivity is zero. Such a
zero i npeNOOW/3EYSt he advantage that the reactive powePCHEPRINS/086984 em i S
mnimzed and, therefore, the design ofgthe active power conponents is
mnimzed as well. Preferably, at |least one |ine (and preferably all of the
lines) of the electric conductor arrangenment conprises a plurality of line

Segent Sac@InG tdloRPEMbOAiIRRNE A TRIYS oemeemdﬁ.-;maee@oﬁdmérfaefae@&msapéaeon of
the track and can be switched on and off separately of the other Iine

segnent sconpgeted|at A stardgintte. theines\are S?Rﬂeicéeé’sto £aph ather £t 3 cepnedtign gt i ons

whi ch exmaﬁhst&ﬁmﬁa@tosal m\ésest@@cﬁé %?bouﬂt écfl”fﬁ%bl%ﬂon ((pdresuraydgly. an
enbodi nent of the nethod conprises the ste i ne seg rrents are switched

on and oeplizerndrinyet that e b@h@v'@wrférthﬂr P'H@l gBasasHs §¥m§19f'1%a? thatalk) es at

sect i onspiisel BEmy IRCdame\EFfdive Earr@RCaINoREN Libf thrsd €lthédeSs aPhas@ERMt ded with
ener gy fromthe el ectric conductor arrangenent and so that |ine segnents

al ong” atbetwaen thephiases dior sxample ip the ¢3sgqt a thfgehage sysiem. HerliEseshitis a

vehi cl e, 1 &> agubuiat e MMematiNg cBréMSH leheh pRSESRafbE hrmwdshxaap&%%tnyon of the
system are reduced. Furthernbre, EMC requirements can be met nore easjly,

si nce unviddseidal eymentoAn paditional efvantage afsa siaePeipiganegctiontis that pabackyarg, | v
pref er r eghridlieor IdBe fb@%f S\rcdfs r{ea@.réd amkcoﬁﬁ@ct.sh%ﬁ mé obhaurbtérmmlr@eaieht of a

vehicle on the track in the travel direction and that the systemis adapted
to oper aPdhg RAWEN SUPPLrYSIam gan be madgiin Hie seme seaien §é§;‘ﬁéﬁi°§ only if a
vehicle is occupying the respectivesection of the track where the |ine
segnent is |ocated. Since only |ine segments under (or in sone cases |ike

i n t unnelke afilerstops ling pompesasraiRdugtivity whickrie bseshto tiansfey g elpetris gnerays t he

envi ronngnke f/éfﬂabfoheelﬁl‘,l@§hﬁ@ W‘?Ebﬁlpﬁé@ &Ie‘éﬁég{é"md§ctﬂl’t§’%ﬁﬁ%o@¥ nbhe

conductor arrangenent. Preferab % segnents are o&grat ed which are
fully oceanyitate f5ythe epergydrapsfer tt evehwq @rﬁ@hmswhei% iiRFUCVIBNI§ t he path

of U1 avelompdrgtcR it ﬁ,ﬁen@dva%.t.egndaﬁtedax&mrh@wwgb iHa®tHer @Bk the

vehi cl e and do not "extend beyond the end of the vehicle. The switc

process imppdaeceefiibe sanasdy ags! the inductivity is zesg;Riteha 2a1p #RPedance ias é’?ﬁad of f.

Pref er ablgtantdye tRAGNP Aldciie Pdwér df W@ﬁ-ﬁérﬁ & PifthizE8 aRl, thBRfdre ARk dR¥igh of
vehicle may bé detected, in particular by detecting a voltage and/or a

current thaache H’QW%@M@E’BtSMWI@d@&d&%‘d by inductive coupling 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 conneRietarably, %ttleaSéag? ligg cangprefgeably a'bofstegﬁ@qﬁ)gf thereledrigeprductorpl ural ity

of or alrfifgement 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



the line segnents is connected to a neasurenent device and/or to the sane
measur enent devi ce. The neasurenent device or devices is/are adapted to

det ect theoaemupatdson of the respective section of the Pcage2yp/oecosehi cle
by detecting a voltage and/or a currente in the line segnent which is caused
by inductive coupling of the vehicle to the line segnent and/or which is
caused by el ectromagnetic fields produced by the vehicle. The system may be

adapt ed dLsNbf RB 1Rk @/hbié“ﬁe%ﬁgggﬁ'ﬁ\ehﬁ&%éte% s&rcelowme%pmt@un&w&hl cle
for receiving the transferred enefgy enters the section of the track where

t he |i ndnseqeegases kg ipdumrnals sigewayseiriiedrackiase pwitehed asv theneehigle,shigdgnent s
may be Qha‘éﬂﬁkd?i?ﬁéht 'fanﬁtlHG 'élé?:trgm’é@ﬁétlc ﬁé]&lbvhﬁ% i S%%hcéd‘@y ﬂi‘e ddhguttoPe segnents

are covered | engt hwi se e on the track, . the mninmum Il ength
of a ver@angenent. r?éef@raé&k only aemt%%relqpﬁ@ta%“mwb ar@ﬂg*mcg#pl%ey Bi ne

segnent (dpficd, %abw lengthlvise! d?r%cﬁ&‘rggi%ﬁé %\é"ﬁé{ﬁ of {?Evé aiﬂ‘é 6&?&%3)segrﬁ%nt% deesul t,

the receiving device or receiving devices of vehi cl recel ving t he
t r ansf ernd@xiend bgyonsihedeont @fcta?eléhiclﬁ* andedmmicﬂxaengéwp%tr@fem thehicle in
| engt hwi ggiglh rection. Furthernore, it is preferred that only |line segnents
are switched on, which are fully covered by a vehicle on the track. On the
ot her hand, the event that a vehicle is entering the regi on above a

parti cul e é\kl%ﬂ%e&g@éys rﬁé\}‘bé’@orﬂ%ll@&h@ﬂgﬁﬁéld@éﬁdn%ﬁéjwﬁ#éﬂ‘é‘?é s@ﬁ'&édf‘dfﬁ line

segnent Is swtc on, as soon as the Vehicle enters the region above the

next f ol Prefgraklys theeceungiien of asspedtivegastion pﬁ@eé@ghw@svea@e M@y behed of f
before thgeMed!if Smlfcglagﬁfdétgetuf?e&b&&g%%\dfor rJe'PP\% tﬁ@gﬂggégragﬁt%rﬁﬂ?@ y
ar no [ onger u

they are sw tche ore t covere
vehi cl e.caused hy inswptiNeceanpling ¢fathgefﬁb'ﬁle t@cﬂnﬁ)knes@;gnr-ﬁnt én@/hawhtshes paw@d by

det ecti ﬂgeétm‘f‘né’dﬁ%ﬂ& ﬁelhﬁg (j)dtup,@d B¢ He e 8 LS Eéndloﬂ}/ %n@a?@'@]‘ﬂeﬁ%é\ﬁcé ine

segnent, can be perf usi ng one of the |ines However, the other
lines canaybe sapnastasitodt leastions of 'b@rllne§9@mgmtﬁgfr‘5efemblé. a PH@'WCRI@@'M

arr angerqﬁgq,ngg%%?g% SifrlebR8%o a"éﬁ%’s%‘réln@ﬁt'debio@%ﬁdlo’? td){hgegan%ect ions can be

swi tched on an t oget her. I ments and exanpl es of the present
i nvent i oneasuremapidayiced Ehe Mepewrement devie prdrvicesds/alecadaptesciraletgat her es. The

figures ghg tdﬁ'&ithele% Q&%tsbe Hé!ftﬁeir%l@ AReRRI C&)H@f&} AIdita§e anReRk
whi ch extengééla | on E rack % |a6¥ams gvmn grnatlgg currents
t hr ough 3 parerijinethe ng§@gmgnt wipjgh is caused by inductive coupllng 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.



arrangenment according to Fig. 1 as functions of tine, Fig. 3 magnetic field
lines of a magnetic field, which is produced by the conductor arrangenent
accor di ngvoaom/3159%, while a receiving device of a vehi ®C&/EPMMO@BEd 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. 4 another diagram

showi ng Rcdbﬂﬂﬂ\;\ﬂy”' ink srepﬁmeﬁw}etsmcﬁéa%ffibwetecme |v§hul@feQé'M‘e%dh@Ye§n$f€al§‘&@QH6t or
arrangen‘ent le a is connected to the receivi ng SVI ce In

vehicl e, '"Pﬁjg"'@“!a Pd?fﬁﬁrbé)hﬁh%@ﬁﬁ piyyitched offeheferg they angenors Wty Q?P’eﬁ‘i’é’y
magnet i gha¥Rkiclel oduced by the conductor arrangenent along the track and
showi ng the novenent of the receiving device due to the novenent of the
vehicle on the track, Fig. 6 a schematic circuit diagram of the conductor

ar r angenptie Rna068F avdarigentdnt co \Aﬁﬁwsqhoﬂe&hsfoaﬁ@ﬁﬁ@@etéana@uﬁ@éatst fAgethgour ce
via an el ectrical arrangenent Is transformng a voltage of the source

nto a oEhGeARIem Qrleauesia RAMiGHIATINE SRAMERL. £an Pedertareed Veing nriaLing fines

ar r angengi. Hdweder, thétothkF findistca! ROSWATBhEH 8WaRE off dofreSporidikghdesi e of a
vehi cl e havi ng coils for three different phases, wherein the receiving

devi ce |i©NEHHAERTANGAMEN FORPIIERSIACURNS: dhepgin all Bnes ip stherseptionscapthech | s
travel | idwdtcABd 8nlahaoff tdd&thér. Wwhi ch a conductor arrangenent extends, Fig.
9a-c three consecutive points in time of a situation in which a ra|I
vehicle travels on a track, wherein the track is provided with a plurality

of Cons@Mbbdﬁﬁuehts%dSeQ@Ms%fQﬁe Bréé@ﬂﬂH@érﬁuanurWB%@Ecn%%ﬁi refdrbifcd 1 ne
segnents can be swi tched_on and for providing the vehicle with energy,

Fig. 10 tathesttaghed figHtessihe f'@Hreﬁéh‘?‘Me arrangement shown in Fig. 8 including
a circuit diagramof a conductor arrangenment along the track, wherein the
conduct or, arrangenent conprises |ine segnents which can be swi tched on and
of f, Fi fi91h an seheanfeatya thigenphase copdigier %ffﬁ"@ﬁg@ﬁé}‘{f“cﬁﬁdmd?ﬁ'qfﬁg? 1,
schemat i cal | y ilfdekt rating a conductor arrangenent between two rails of a

rail way, 12 a magnetic field wave which is noving in the direction of
travel cﬁlgt%e Veahg@g@na@oamgg,@gqnapng,cqwents through the three-phases of the

arrangement according to Fig. 1 as functions of time,

Fig. 3 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,

Fig. 4 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,

Fig. 5 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,

Fig. 6 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,

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. 13 a schematic view of a receiving device having w ndings or coils for
produci ng three phases of an alternating current, Fig. 14 a side view of
the receiwWDRg10d8¥39%6e with a | ayer conprising the w ndi ng€TEP2¢8I0D&30nd wi t h
a ferromagnetic slab on top of the Iayqzéz, Fig. 15 a top vi ew show ng
schematically the coils or windings of Fig. 13 and Fig. 14 and the position
of the ferromagnetic slab, Fig. 16 an alternative solution of the

ar r angenggt 8 shovirdilfvehiclh whieh is"fVeRing dnhitrd & SIOWEP@RIRH laCcopbiadtof Ul | Y covers
the area of the coils or windings, Fig. 17 a variant of the arrangenent

shown in Fig. 162Ma09EMeNheXtRBASahol e area which is covered by the

f err omagrigt 9f:c Sl thkee SondeQiveYofifed Intimd bfta sikiatiss HEWRIEh adhil Veldfle Malve vt | Ve
solution of the receiving device, wherein each phase of the w ndings or

coil's conprises 3 #dkXhereinthe trarkds Rrayidgdayitts :PIHRIYRSicoaSeR1tiVe finey

behavi our of thesdypientd 6fa tdritetor arahgdrher! RRerdh the flhé 56gRBA @an Ger I ent
transforner for each phase, schematically a detall of the

\ Fig. 19 ¢ .
arrangenent shoviiichegpg and off farpravidipgdhe vehige vithieNer®ur r ent t r ansf or mer

and the ggo1d | Negn Sarfyeite Similak t thé @rangemBAt shaln)in FiRE stifdiedng Bawesit of t he
recei ving device, wherein a cg&am ty is connected in series to the
i nductivities ofdiag@m ¢fifcandugiof arrangenaer aiangi the frack, iwherein ths GNsyci9eyi ce,

wherein a capacidpargsnfenbbshpistsiline Ragmeh@!wHish éditbé BWitcHed\UntarRofof each
phase, Fig. 22 an arrangenent simlar to that shown in Fig. 20, however,
t he t hr fd9phhses@hEangsimend sidigr kthe @rangemebtibowadn §igs d apchismatically

connection, but fi&tihg HicBndudls! drfarigeieRtbéRReitWo ratid of BRaidyangement shown
in Fig. 20, however, the capacities are divided and distributed anpng each

phase, Fiig.124 2 Mmageels fl'?éd Wave whidcljis movingda thediseetion ahieavel af thgyehicle

al ternating currgntspeel of pemphases are converted into direct currents and
the resulting converted ditect voltages are added to each other and the sum
vol t age anltde R echamatigivianeotm {eceiving davice hayiowipgings pherilsder rrpducing ¢ 25

a receiving devipe pMaRESban Berfbfiry dfdnilg currents produced by the three
phases of the receiving device are converted into a direct current and the

direct ciigrthts apige yishedf the recsivingdeviteavit alavenpomprising 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 altermative 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. 26 an arrangenent conprising the receiving device of Fig. 25, wherein
an energy storage is connected to the receiving device and wherein the
arrangeneno 200/@tpt ed to interrupt the process of | oadiPAl/FPR&ISHIBYY
storage. Fig. 1 shows a conductor arrapgenent which may be | ocated
underground along a track, for exanple along the rails of a railway (see
the arrangement shown in Fig. 11, for exanple). The rails nmay extend from
left to gmhgdy inng Bﬁaﬁq&%&fshgw in i"rg B0 howevkd theEgiatitiReG@rd diviedanachemat i c
view. The three lines hé conductor arrangenment conprise
sections which é&ﬂ@h@BQ@HW@Oé@§EPVa$% the direction of travel (fromleft to
right Orqu_.'ﬁht tDrdcBivink: deQ?Je&uﬁPtﬁPee%ha%@@ WHeRER \(Ré §E‘ér¥aﬁﬁ§ &H@n@oﬁﬁét i ons
of lines 1, 2, 3 are dénoted the reference nunerals, nane ree
sections 5a, 5b maéesereo@nvpﬁ@al mto digst cuents and dhe teslting mnwédﬁlrﬁet 3 by
"5", one sectiongrgéy aleldiRed t@aycmameﬁﬁv&fhe@uﬁvv&tfagébaﬁbé usbdtd GiveTOSt
preferred case, the arrangenent 12 shown in Fig. 1 s |ocated underground
of the track or 3ny elericloadydthin the vghiclgi | way so that Fig. 1 shows a top

vi ew ontggte arg RRGR TR ovieR, wm%.maaﬁemn&é&ﬁmswm@sp tHePthFdedht , - at
the top and the bottomin Fig. . the transversely extending |ine
sections may be Rhesps et @pyewwm ﬁe‘('ﬁéaI?cﬁﬂﬁ‘ﬂﬁ"r@‘b@t%%fiirﬂ@(PUB?mt@f@ 8ils (see
also Fig. 11). FfifecBlfatSare dideli% m%‘fotél%uﬁ@ﬁtm in Fig. 6, the three
lines 1, 2, 3 may be connected to a three-phase AC current source. At the
time WmE:a 365 deffl %rr%'wemntpgnpqsm@mdgwwoe dgviee ehtig135. whereip@nRpergu ough
line 3. "PoSi Ui VoraB & conreBidh 1b e GusiuRB'deliol hd Wridikih s ivdrigRferi RUr CC
into the line. ree |nes 1, 2, are connected at the other end of

t he arrangenent qd@@é&dﬁ@ﬁntatruet tb@ﬁfﬁ?ﬁs%t)fdpa?jﬁg the energyplorag®ent | y, at | east
one of the other currents, here the current 12 through the line 2 and the
current |3 through the I|ne 1, are negative. Generally speaking, the star
poi nt r Ufie. hpwsea copdustorasangempak whisle may hedecated widerarouad plosgiaiedke and

fromth%ﬁ% mﬂebmng'tﬁem&%fatra.ﬁ@acyftsmuamgtsméﬁtsm Aipigoit pps of the

currents through lines 1, 2, 3 are indicated by arrows. The sections of
|ine 3 a@MAR)- tog radls maydxiepdsfeamilefhle right inthe yiew of Figyl.ch ext end
transversely to the direction of travel preferably have the same width and
are parallel to each other. In practice, it is preferred there is no shift

in wi dt hFigi  iscnderstonst tachern §¢i@rrtaﬂawmﬁ§é|tvee>bﬂeﬁal P ofdbe coRdUCHr the three
l'ines. Syethgameht ésmbﬁseséb%hg \K)hnEh axteﬂadft@hsm@ew ?oamera.rreeﬁn &afak}elsmem on or

each |ine can be 1dentified. Preferably, eac I ne follows the sane
ser pent i lpt1q fight op gkt tallefgOplysomeRfithe émﬁvemlx erdendingseddieps shiifeseld 2 n t he
di recti ofaff ddrio@édy thY réRercBinlthefdls [idndly BHréd16ECctBRE WBESL S1SE61AIHeVS:

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



sections of the sane |line extending transversely to the direction of

travel. For exanple, as shown in the mddle of Fig. 1, the distance between
consecut iWe 288BiIYAs 5 i s denoted by Tp, the pol e di st aRC&/EPIY00IDG30 he

regi on between these consecutive sect|?61 there are two ot her sections
whi ch extend transversely to the direction of travel, nanely section 5x of
line 2 and section 5y of line 1. This pattern of consecutive sections 5,

5x, 5y r | t rection
ot v B B ol A B e ekl Y ough

t he sectthegymertsdhyaugh I"Fﬁsth% Bare indicgtashPYATIWsy. 1. For exanple, section 5a
carries a current froma first side A of the arrangenent 12 to the opposite
side B of the arrangenent. Side Ais one side of the track@(&q.such as the

ri ght haHe sscliens ef linee and thecopasrandingsastionspfdines il edusthiahrextend t r avel | i ng
vehi ! €)titdesbfi%o thd dirdciibn BPRAR bReiéHaB Habe the ddife WRlih afid AR Plralidito L T ack)

i f the arrangenment buried in the ground under the track, or nore
gener al |§ach wgora@tate it iscrrefermied thera s Do kit iy width direition bedvesroiie) ext ends
in a h0rtta%eOéétauyer?é?emgTé&t.&waqﬁytﬂrgé|.ﬁ&scsuama§hmeeﬁsmﬁnhbw fc¥'thé €S an
electric current at the same tinme which is flowing fromside B to side A
The nextreem@ehea%s%@m Pb?ﬁ@‘c"nﬁ@mh%dg“tf'@dconsequentIy carrying a
current fromside Ato side B. All these currents have the sane size, since

they are carried by the sane line at the same tine. In other words: the
sect i onsPrgffirably Nige follows\tee same safnentinmlikecrat alangdhbe raek. eergin thesct i ons

whi ch exled d Bhiflle mq}té %ﬁéct% d?ﬁra%l%ngst S%'tgténdéf aatt\g s@@ﬂﬁ\)ene

|'i ke |'ine arrangenent ghetic are sect i ons
5a, 5b, $stions of the same Ilne néteadpgdmévseraelvmh@fdlrggtmb@férayél rEagﬂéamalepaﬁ es of

an el ecggr@%%@té ﬁng'u@t)rg.g V‘f‘%‘ié‘b:@ %@ﬁbé%% TBh¥éc g 8&Ltons BAS eén&w%%,pol es

produced bysecti on ave al ternating nagnetic &9 arities.
For exanf the mﬂ%dptﬁ@ﬁtwh'@fthe mm@ﬁweeﬂmp@om V¢ seqliops Fct@regresect i on

Sa may Ct%rd?ﬁ&%g%&ts \ﬁhléﬂ?@ﬁ%ﬁd traRQVerlely 5‘; thé Wﬁe&to‘ﬁ‘a& HaLLIC nainBR! s ctidrPsx Whi ch

the magnetic nor aci ng upwardl|y and magnetic south pole is
faci ng d¥inadrandysectien pyef linene Tthilsnﬁ;atteﬂh@f mgﬁ@ttwe Sséﬂ%slﬁ PXoY telﬁéageﬁénet ic

field W%ggata.s ttegys&q,egxuﬁa%%téeeﬂoéhn% arécﬁptefit@teﬂhe sane time in such

a manner at t e correspondi ng nagnetic dipole 1s facing with its south
pol e upwardly and with its north pole downwardly. The correspondi ng

magnet i cryl Me%g%duﬁ%fré&ﬁp%@ tHeSClRfén?%ﬁzﬂ flbﬂlsttm@u R JRIO is@hofvAlin Section

5a and so on e Sa les to I nes . wever , t he resent
i nvent i ohe daftegionaliFig.tlh ocezseénmmﬁectlm%carge@ﬁ|oyrrentefrqmas‘est sigeph 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



there are two phases or that there are nore than three phases. A conductor

arrangenent having only one phase nay be arranged as line 3 in Fig. 1, but

i nstead oVORhB/BI¥S point 4, the end of the |ine 3 (whi CATIEP200066G9%¢ at t he

right hand side of Fig. 1) nay be conngpted to the energy source (not shown

in Fig. 1) by a connector line (not shown in Fig. 1) which extends al ong

the track. A two-phase arrangenent nmay consist of lines 3 and 2, for

exanpl e, slb s?%ﬂs%ta PSvOShAREhd ASghdtRbRIfHIES ! Bor@XamBRY, fHe gl 871 of

t he tvvo éleﬁe% nor er) e\rller aéf“f'y s%eaﬂl ng%fmléf rl nes? pr ef edr/abl y

const antthelmasnet'ﬁémél\'é't' @@@WM@GQUQW%E‘?E@Eﬁ%@ﬁ@éﬁcﬁpﬁg‘f@é@!ﬁtS‘n of

ine S {find Bndgifenp WHREPERIARIneuE bR HbiS Ry oillyahBghe - in the

di rectlotﬂno? trd(fl\f\%eI For: t r?s‘dme' ﬁlbregtlon -&grlgﬂv yaea ure 11

i s i nt endagnats aouthmle &tfemggﬁﬁwawmhs iAbithe sAme h@ecﬂaﬁmﬁgr@t'c aeleghygd t for

exanpl e m&né‘tewgwmeh R~ 5B st B iordred dt néBhkefittd A sBbn bhe three

lines 11 113 are own in figure connections to each other

(e.g. vimanngs tatahe p@ffq?ﬁpondlog magmtl@dmpleaﬁéaourw WIltfeltqmuéfﬁ pelepipwardly and

o tt ed. ifiis FEHPEAIE UBGnkaHd. THB%s Hisold BCHcRgn BEteen two
with'fts 36 ﬁ’c?l& n Tho ;;ﬂomy Veﬁ&ﬁ{hc n

rails 1l6a, 116b a ra| es (such as regional or
| ocal t rerdemded isttsarse mamnams fWﬁec@m@m ghon.Jdegagie applies &9 eéon and t he

top viewshown in figure 11. For exanple, the lines 111, 112, 113 may be
| ocat ed bel ow the |l evel of the rails 116. Each of the lines 111, 112, 113
conprises | i near sections which extend transversely to the direction of the

track, | eJe'?ethla?Pé&e‘hl‘ﬂk/é‘ﬁdondd|§a&86\)e?ﬂth%fcaEQﬂwa[t@He'ré istorfly oFfé‘Eﬁé'ﬁet tryisver sely

extendlng sections are connecte e consecuti ve transve extendlng
sect i onsthefe aradweg phasds méhamthene@fg mavel thaal thsfeeemaéem iAngpnsiuistor errgngamerath

ext end 'ﬁh\}iﬁbeorg)fﬁgé HsidRhy B ra?r%f'\ a§’ méhﬁ'ﬁblfl utmfeahro?'ﬂ%’%%ﬁﬁ&xt and

|l inearly exte ect1ons ave |ch I's preferably at ['east

as | ar gethaend of thetline Qﬁmwé@@&%@ttb@mh&hﬁ@dﬁmq(ﬁ Fig-dr) maydeptannecied to
di st ancethg%ng% s@%r&e{% laé}Qanhﬁ Fllfngg Q%Jn]ﬁ%ﬁottlfn% Xfirrv%w#n% G\ZWhﬂﬂ

sectl1 ons may Int he tran versely
ext endi rextendstalengsthgtwck Hétwwngasmrramemenémasmnﬁgt qféms 8@88d @t farhe sane

line areg w%%etd%stgaeéﬁb&&vegﬁ t@tr%géglysé?&édd‘ﬂ'{bssec?gﬁs Sith¥ &dilies (or

correspon or exa e curvature circle having a radi us of
150 mm mpmeé\ela_lyapgme@mﬁﬁﬂmwm preferably cansipatdbel the distances hatwaenias
cover ed e
ot s 11 sfpEelein FREONLNher 1 B8 15 pBasENtesh g Bl SRudH

t r ansver@fding Zexingheldirecticacf travel and in H‘@ qnpesise dlﬁmléverrafe eAugl-actice, it is
preferred that this width is smaller than the | ength of the transversely

ext endi ng sections.
igure 11 is intended to illustrate some dimensions of the conductor arrangement, for

example the conductor arrangement shown in Fig. 1. Only parts of the three lines 111,
112, 113 are 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.

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,



This allows for a shift in the position of the coil in the direction
transverse to the travel direction, as indicated by two arrows and a |ine
bel ow t hewehawadimsea 118. Such a shift woul d not i nfl u@aTEPRIE/0N@3@Pt i ON
of energy by the coil, if the shift woyld not nove the coil beyond the
boundaries of the transversely extendi sections. As follows fromthe tine
dependent di agram shown in Fig. 2, the currents through the phases 1, 2, 3
of Fig. : ' - teernati ng

curr eni ek & R AR SR WogBeiRR RPLISRRS el baReB IRl F LY )
3 f or m i exampie.the distancafikBsmaybeinmEing the lengtiheof teetransverselit extendieg of t he

cur T ent S difindB ol Be'hent 8O arddQr Bole7BeA, | vel y ~300 A However, great er

or smaller pea urrents are a posSSi 300 A peak current is
sufficient to provide propul sion energy to a tramfor noving the tram al ong

a track : | ; | 1L hin the
hi stori C‘ﬂ{(e()t\i%r@g%}[é %@%‘dﬁﬁc@?ﬁfﬁ@ag%%ﬁ% amtsﬁu);eg’t&?rz‘i% %Sgéeﬁ“? ﬁgtrﬁgwéagb]&er gy
f rom an line-dse sponesntes igyeach othagby cvnued sestiense Fhe survatune corespondadaeni cal

battery é{gr g!]aiiqn u?'ﬂ;/g("%rd% a%%e,qa\;;@oa Adi :I§%| ~The energy storage may

be charge as soon as the tram eft the town centre and is
connected to an overhead line. The bent lines in Fig. 3 are field |lines of

t he mag i e Al ICh Wale ' : 3 shown
in Fig, i . aq%%%%@'?'@h%@%ﬁ%ﬁd%ﬁé%1f%ﬁ'b'cﬁir'??ée}{eééndt 6%%?%?' g?? n time
whi ch coeceigipgagvice of @'vehitledravelliggon thepGails 361 e widtheofstbaiceil isfeqaibto the The

tinme sc . I i r : . t ng..the angl e
of the. aris pEi ERei@Re o3Ity Sk AR, AR npiattegtie'd T8 2

t he behawefemeddhatithie widthissmallasthan thaderigih bf thetiapdyersely extendingiseckans. val ues
at the L Qpd L k. at 0" : . Sa f the
peri od gﬁ-ﬁ 5 a%’whf% Sbﬁ@nlmg?&%#&t?{éﬁ? gﬁf 'ﬁpggé]?'{éa'%gﬁit%g?\getr?ssé g)]?t hgi@"gg.vgla Cross
sect i ongditsiction,asdndicated by dwe amdwa gnd ading delovothe|shaded areal 183Suetea shifin.

Ref er en ' na1" . i i s '

tr ansver sy A8, pfdenc RS IEBpholFoferlby, bk it Ehe chirt AU AR MENOMILA,

ext endi reeyosd theobaungrtiesof the trpesntirealy extepding seetipnsnage pl ane of Fig. 3,
wherein the inage plane is a vertical cut plane through the arrangenent 12

of Fig. 1, wherein the image planes of Fig. 1 and Fig. 3 are perpendicul ar
t o each As followaframzihe timerdeprodéntudipgramshewofin Figg2, the eutrentgshriongh the

directi a@fesﬁ,r?,\/%)féﬁﬁ.g‘f yer&\agg%uﬁgﬁtg io?g%oﬁv%iogél%re%éﬂgﬁséWﬁerlﬁg*it?@s' In the

upper regions o .3, el'ectronagnetic col are emat | ca shown as
flat rectwnegtil arly franed areas. On top of these coils 7, which are parts
of a receiving device

L1, L2, L3 in Fig. 2 denote that the serpentine like lines 1, 2, 3 form inductivities.

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



of a vehicle for receiving the energy fromthe arrangenent 12,
ferromagneti c backbones 8 are located in order to bundle and divert the
magnet i c Woebt/d3iti98s. These backbones 8 have the functi @03/EpR00Q/06E@BE of an
el ectromagnet. Fig. 4 shows a simlar yjew as the views shown in Fig. 3.
However, the figure is neant to illustrate the hypothetical situation that
coils in the vehicle (which is travelling on the track) induce current in

the condyfGheEurdrtNafErmMeaRd tntahﬁgt DaRkws tHe BEHaVIouPBf the chifrntsdveFork ful al so
shows cross sections through electric_ conductors 41a, 41b in the regions

7a, 7b, Prfiodyie.dhe eyiEent ypluey at thg begiining of dhe periodatclirarethe spmeRsiat ther i ent ed

upwar dl yerudf td péitsy at"86@. pl ane 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 inage plane of Fig.

4, as i ﬂﬂ'tﬁ@feﬁq)f e fébpééﬁﬁﬁ duégﬂﬁﬁls of Fy. 8| 665< SEABAS bi ﬁarﬁdv%léél)(éitér\tﬁﬁd ated by
the field lines in whi S produced by the coil 7, is symmetric to

t he bor cR@ctipnsef '@?S§e2t3 %rﬁ§hPW"aﬁGf37%P°esﬁ'gfbé1 tdemotasdhe cyrrent 11 Mbichisr ent s in
sect i oNsfohdng rdiihHed ﬁaﬁévﬁ%eﬁyém@ﬁdl\%sé&ioﬁ Q?Ilrhé)’f dRé sb 'oHeThézéegran@vérgews

anot her cut along a cuttin | ane extends vertically and which
ext ends §4ending s9c4ons eﬂpa@eerpend'cqiaéy {a thedmage planacbEideB. Wherel e imagres 1,

3, 2 whigindi \}é?ﬁ&tl %G't éléhéﬁn?édg@ﬂﬁe erraﬁ&ﬁnédtﬁ(?%f Fig. 3, w%em 3 ifspend

transversely to the direction of travel are shown 1n the upper half of Fig.

5. In tduanes &g %r@cf'go%gr%ﬁemﬁ@'@ﬂ?ra‘ﬁgéﬁ%ﬁfhelénwhéﬁ"emee'mgﬁPéﬂﬁ‘?ver sely

to the tgrpigls slidmfslih @ @iFé‘ct@H@Wa\}en c!ﬁ'ttﬁhg tRe s@étuoh@%%f r1t|h%h6)ﬁalv€f£‘<1nf' rst,
fourth and Seventh section in the row (fromieft to right) belaon l'ine

1. Si ncethe Weperi reaions ehFigr 31 electramaangtic cailst hawighematieallyshawn @siilet f our th
section rb@taﬁglﬁlarlﬁraﬂnéd QRRAS OhGop Bf thidSe EbilsSL WWHMh &£k idafts Ok rr@é&wﬂ%d&ﬂé@“@l h

the sections 5a, 5c (the first and the seventh section in
si nce t H acyahiclfos receiving the engrayfeom thesarrangdement 12 (fememagnetic hack

el ect r onggsdated |%Y€er' t8 bURYIE B0d diveltiRe MdgREfid Ml Rhed. TRYSE bAEkbBNEP S Pavy W-
The wave is denoted by 99, the inductivity of the arrangement 12 by Lp. The

Cross sébelfmoemﬂmoqrﬁqﬁeewyemaaawf of Fig. 5 represent a receiving
device of a vehicle which is travelllng in the direction of travel and at a
speed vm and at the top of Fi 5 "2 TP" indicates that Fig. 5 shows a |line
segnent fdg- ‘hﬁh%@%ﬁ\?ﬂ'ﬁr yigw Qshfge viengtshown infige B Hewevgrathetfigureys seeant éo

di st anc e ReLIEER HyPoPetiCH 3RE/IBhItNSR oNISMIHEVERLE (?«hkﬁﬁ@tr@ﬁallﬁ%d Pesraek) @
line, here line 1. The arrangenment shown in Fig. 6 conprises conductor

ar r angendiceraumrent inghe comducigy |3<E'I?“9ﬁ'y'eﬁte°ftt%"€%HU@@‘HFOVHM%QQ% r'r:é91t4 also
accor di Nghol@ drbdd sebtiond thRSUdRleld Aric &sHHuER 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



el ectric properties, equivalent circuit synbols are used in Fig. 6. The

t hr ee- phase system 103, 104, 105 carries phase currents 11, 12, 13 in
phases 1,WQ208/03T3%8 i nherent inductivities of the phase®CI/EP20098068&
denoted by Lpl , Lp2, Lp3 which produc? the el ectromagnetic field for
transferring energy to any vehicle on he track. However, the lines 1, 2, 3
al so conprise | eakage inductivities Lsl , Ls2, Ls3, as indicated in block

104 in HhecuﬁentThrmbU@eﬁerg‘e%u&rs 55"%c'(fP\‘élf%t'a\l‘lHtth@%\}e‘htrPQéHﬁSHWF@dsp‘én
capacities Ckl Ck2, Ck3 in the lines 1, 2, 3 as shown in bl ock The

el ectri cs"é‘r?etf‘gfuﬂﬁi“ém 13, '3§é%laFWBP%%@%@%P’@QP%ﬂQﬁEQW%QW“EI“(?é’e B

lines 1, mgvrngrd ﬁe%@éﬁcﬁi&(irab&a%at e8I\ TRE w@énm&wsfgg Jtﬂérnd-ﬁﬁﬁnﬂhase
sources for the phases are denoted by Vi, V2, V3 in block 101 .

pr oducecPfbs aEgraement1Rdyilimes 1, 2, 3 are denoted by U 1, W2, U3 The
vol tage source is connected to the |nput of a constant- current source 102.
An out put of this source 102 is connected to the capacities in block 103.
At the oll9trespsedigns skowmin the gpeer halfiaf £ig. b repregent regeivingdevicgid@  These

current syepide Wﬁi&ﬁﬁ@ﬁ&véﬂ#@hn iﬂé@redtr&ﬁ'@f)ﬁé%@ah& ¥t QEpééH?vrﬁ '&ﬂ&%‘x’ tﬁéhbﬁ If | F@
transferred fromlines to any vehicle on the track. At t

si de of chirdRdicaigs rtfea%t'frgs érﬁfwsmlme qqs@%e?%réarmz\%ﬂr%rthg J,ﬁg‘gﬁthfé'&'@ﬁhl i ne
1, 2, 3 |§"&qh£l%'iwrb@wérbféh&é/ béth@en lifrde chRgecufiVe ﬁ&%@%%xt&ﬁﬁ%ctbh@

source 102, each line 1, 2, 3 conprises an output inductivity

L3b. I n HelineeRereriBeilnput and output inductivities, each line 1, 2, 3 is
connected to a conmopn star point 6 1 via a capacity C1, C2, C3. Fig 7
shows a circuit diagramof an arrangenent which may be | ocated in_a vehicle
whi ch i sThefngemegt showmin kig & romamiesa eandyereatangnmantd@3. 104 Pee- phase

receivi r\ﬂhr@l‘?ma‘}%eftﬁé 'bSﬁcﬁJc‘t’dr%rahEém@h?ﬁ é&%ﬁﬂﬁ@ﬁd Eigf 1.9h Srddr @5k tdiaCk and
for producing électric ener erefrom The Tecelving device conprises one

coi | or €lectde propgHiesnequival |crr§u'r@rmla%%ﬁrep+$&§en [lg, 625he thaee-phasesystane
coi | s arfzlqpet /% &)fnés@havselrz:ﬂ%ent%ﬁg QbIBQHEhg&]sﬁ 2, b”Tﬁé"ﬁh@r@PﬁlHU@tﬂﬁtle%hi"‘“

t he phases la,” 2a, 3a_are connected er at a conmmpn star point

Leakage QibriBhasestl @s3 arpdenaierhbytrl y-p2hbivhwhich Prefluce the,electiemagnatics 1a,
2a, 3a afey W%ﬁ%%ﬁ%n@’gm%@v@h%ﬁe Srlthe tfaék. H&Véiﬁer(ﬁe ﬁﬁ@é’m 3.3 pépck 202.

The out put side of e receiving device 201 wher e ghase currents

Isla, |seaprisgieakage '@quwﬁt'ersfraﬂr s2, isﬁ»sawﬁwetﬁdéa bhykaﬁucf (B ernating
current impdiaséd ofdheé rren&t)v.tr‘e@nyeéﬁqséns?a%’u by 8pdefties icka, k2 Ih\& .ﬁqrﬁwréser 203

is connected to |lines 76a, an intermediate circuit. The |ines 76a,
76b are %@rﬁﬁe@toé@ 'P@'Q%dmot her vr a a snmoot hing capacity C7d as indicated
by "204". The electric |oad, which may be provided wi th energy

The electric energy which is used to produce the electromagnetic fields in lines 1, 2, 3 is
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 11, 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
comprises in each line 1, 2, 3 an input inductivity L1a, L2a, L3a. At the output side of the
source 102, each line 1, 2, 3 comprises an output inductivity L1b, L2b, L3b. In between
the input and output inductivities, each line 1, 2, 3 is connected to a common star point 61
via a capacity C1, C2, C3.

Fig. 7 shows a circuit diagram of an arrangement which may be located in a vehicle which

is travelling on the track. The arrangement comprises a three-phase receiving device for



within the vehicle is denoted by a resistance RL at "205" which may be
connected to the lines 76a, 76b of the internmediate circuit. "Ud" indicates
t hat the wWoad10R31598y cause a voltage drop, wherein Ud i ®CTH®2000/00@3€@ i n t he
intermediate circuit for exanple. Fig.,8 shows a track 83 (here: a railway
track having two rails) which is occupled by a track bound vehicle 8 1,

such as a regional public transport train or a tram The arrangenent shown
conpr i S%C&OIﬂE'tﬁ&él@bﬁOfﬁ%letﬁgrd fidrh m’ﬂndffgf pRHAEING L b@gtn%rénerq

el ectromagnetic _fiel transferring energy to the vehicle on the
track. ﬁhereéreﬁuab?@ﬁ!oea\ﬁm%@é%mmwewng r 3¢ REABIS RN of coilsdpr e3@mpl e,

the condyisaradbs aid AMBRdin Wﬁ@aﬂ@éér%ﬂ@@bﬁﬁ?ﬁﬁ%ﬂ@(bﬁ& 20%). iflafe conduct or
arrangenent 89 (and this applies to other arrangenments, not only to the

exanpl e MRAHMERt stoyn. e m;e%ém%é*@@de gethef ata,eRmamgp staigoint n
particul#f | bBkd n&@&ﬁlt@é (RAsEPEA R SHEWIHIntRIg 7) BF {h% &ﬂs&é‘ﬂ&@a"%ﬁ%‘r@ of rail
vehicles may roll, the conductor_arrangenent may | ocat ed above ground

bet ween ¢Pansated tUrPaPﬁ@t@seQEF Gf2, §7r3aa$§m)~%meté%202or partly above
ground, but under the railway sleepers. If the railway sleepers are nmade of

concrete _for e t he sl eepers or the other construction for hol ding
the rai IH‘WP'&% oldhe FrRAedinadRYiGH 2Q1a 202 Were the phase sMTEE!s 161 1$3ae or

l'ines Oflsﬁé‘gréé}{b‘wﬁﬁ@'g ayr i§ @Gmto%ﬁ@m aﬁ@ﬁfa‘ﬁhy cuﬁ&ﬁ/ Gﬁé&tvﬁ)’rent)

construction used to hold the line(s) in desired serpentlne

shape. W?é'vﬁrrt%fo%f*ba'nﬁ@@r@ﬁ? ef té\e@onveréﬁfﬁﬂﬂs%ormectqutoun%@a débfaBcei vi ng
devi ce 3ﬁtefn%d|5%0<§n‘c\éit "ﬂwetlhm%s%sciéwm%ﬁhé&eé &c?ééizhvmh&hné 8 sRicRfH#sgd by the

conduct or arr angenent . The receiving device Is electrically connected

to an orcapasivtC éﬁmu@t%w\éoﬂ -Shesdeq mrakoatihéh'em @y tiecpreyidedyyith gRe@N i s
i nduced ighih e Vebidd &'J&o%\ﬁy%m%%m FtLeatdaéﬁ"rwmeﬁ %yweté&hne&tbev&mecl e 8

1. For exanple,_auxiliary devices 90 pr opul si on unit

dri vi ng linesgBrsT&nofitae bitermediste §mswn5Ud nncb@ﬁﬁwam@doacv&bﬂn%%%g %eel s
88a, 88h,o113§E€ drepBWhBRYIN D8 i€ #RVBRAGH in e iiEmE Rt ichelif rPerhyBr kK 86.

Furthernore; an energy storage 82, such as an el ectrochem cal energy
storage or an arrangenent of capacitors, such as super caps, nay al so be

connect qd%ts)sﬁ&ws sliraty a@me'r&rh m&vﬁgwck RABRE IR Rils IASCIE RS BYpisl Byage 82 may

be charge the energy received the receiving device, in particular
during stfayﬂsdooyﬂdﬂ/ﬁ@cl@e%- é#@@qr%gmaﬂeublmospv%@ﬁ'rW@ Yhicle 8 1 is
nmovi ng on the track, a part of the propul sion energy which is needed to
nove the vehicle 8 1 may be withdrawn fromthe energy storage 82 and at the
sanme ti nEhe fEangesiedy shawn esmprisesansgloetric pondustor agapgemert ferrrducinggn

cont ri budigctidinddietie QB Uthe ey transferrinipend?y Bahé vehick ¥ tRe @BEk Sthen ener gy.
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



Fig. 9a-c illustrate the concept of a conductor arrangenent 112 conpri sing
sections which can be switched on and off so that only sections, which are
swi t ched W0 2prog3t¥é an el ectromagnetic field in order t@®CTERRPONCIBNErgy toO
the vehicle or vehicles on the track. Jhe exanples of Fig. 9 show 5
segnents T 1, T2, T3, T4, T5 which are arranged in a row of successive
segnents along the track. A vehicle 92, such as a tram is travelling on

the tracjehiddgderrdrleR@mpRf atkifary @Qh@éseg@gn& ‘bepﬁ%ﬁfn' t)HltBQBOdSZY fgremivinga,  95b
(i.e. two different units) for receiving e tronagnetlc field produced by

t he segrifRRdsian qlews\nefeiiownhin hagias (A0ag7 8 having wheels 888, 4fky 88e 88ddundant

devi ces, m%ﬁé Bbihd s toQRE dRiribulien AEMWORESE | FurthBRRGRALY ehérgy SRFAgE 820 t he
vehi cl e. IS increases operation safety. However, the deV| ces 95a, 95b may

al so be SHshis@mRIeslocheWicabenaiay sRragsorANGIRIgeRIEt ohoapaciare SUSha@St i me f or

operating, Ehéadéemﬁla@so bOVSHREIed!th tHPYistABRRS hdtWok TRe @RS, the Iéﬁbfg@f | east
one of the devi ces 95 may not produce el ectric energy. |nstead of two

recei vi ridoraae Bééray l?eh@hareﬁ# by thergniergyipseived bwﬁreerepew@gxﬂewed@\n%'awhe
fol I ow r&rﬂﬁ%fddsmf 'tmvérﬁélélbe%nttﬁe fhék VIS EhE 8RR IeMCis rdViRfIGH tHeQRackt # the

case that the vehicle has just one receiving device. According to the
exanpl esPastRfihe preppisipn energyhwhigh i readeddo moYe die Yehidle Banaxbe withdraws

right., gdinftHedenetgy 5tRags Qoea&ﬁ’e QE:%HF?ihPeSthé @ﬁe?f&aﬁh.cﬁhsoeé%e%@wmé T2, T3
and partly occupies the track above el enents . The receiving

devi ces reseiing druice smay eoniipuirele; the PErRbIsiaR: he onav Pa@pd oh lierroByisigBNt s whi ch
are ful lghepgeupi ed by the vehicle. This is the case, because the distance
bet ween the receiving devices to the nearest end of thevehicle in

| engt hwi se direction is greater than the |Iength of each segnment of the

conduct g aéaf é‘ﬂlﬁ@lrr‘ﬁgtthé-é&oebf‘oﬁd"@on%‘uﬂéﬁhhgﬁbé?ﬁerﬁ I192 c%ﬁwpn&nh? s@hﬁfﬂ%@tﬁcﬂ-z T3

are switched on and ot her el enents are swi tched of

Fi g. 9b,capthe ewitched @emnéwéf smhamnlx/s%'en@.v@ych e ScVY"éEBRd aam@t@ﬁé\ﬁent s T2
T3 and r@@a}dfnafqﬁbwf.ae GhIBIdRP tot d?ﬁqsfférae%g%he\fﬁe eérﬁae 'aP vdticle§ bR WdMrad has

been sw tched because the receivi ng_z evi ces or the receiving

devi ces TheeyamplesohRiadd shaw b seamentsdilon2abdvid. gﬁé‘ﬁ’é‘l‘fhar?@"aﬁﬁﬁd B2t T4

Wil | SHUESRRe WBgRRNBUIGhPeltiekvehi cl e ful Iy occupies the region above
t he eI errent T4. Thi§ state, when the elenment T4 is switched on is shown in

Fig. 9c. However, in the meantine elenent T3 has been switched off. Fig. 10
Shows ans, g&Ki@BERTE!h 44 Flm, & (Rlvaiihglontifl Sk, YEBPESIFRR I MRS Rudi 0. 9.

'n receiving devices 95a, 95b (i.e. two different units) for receiving electromagnetic field
produced by the segments are provided. The receiving devices 95a, 95b may be
redundant devices, wherein just one of the devices is necessary for operating the vehicle.
This increases operation safety. 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.

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



fact, it may be a different view of the sanme arrangenents as shown in Fig.
9. However, Fig. 10 shows additional parts of the arrangenent. Each of the
successi WOzeyviBii9s 103a, 103b, 103c of the conductor aPCRERFRIN/M06IBOr
produci ng an el ectronmagnetic field is nnected via a separate switch 102a,
102b, 102c for switching on and off the elenment 103, to a mainline 108. In
the case of a three-phase alternating current system the mainline 108 nmay
conpri seyaiidi€emn IEhgthwidk %ﬁe&tﬂfn |§@Féht&hﬁ§@the-r@ﬁ§tﬁ f efdHsdmdnt 8f thei ddnbii&tor 08
(at the right hand side of Fig. 10, but not shown) may conprise a common
st ar p0|41't'a’l91em§m1131ree phases. On the opposite site of the mainline 108,
it Is connected to an energy source 101, such as the arrangenent according
to blocks 101 , 102 as shown in Fig. 6. The magnetic wave shown in Flg. 12
i s the rladig situagonalEigpPadie elyrwtsﬁﬁ | Ehare switshesher aad gl othet gledpatinrl 1

ar r angengf)tyseart QWAL Gi. M Bigt bs, \Dﬁérg tl’iﬁ vérﬁélé!@h fiflly dcRBpi¥E HeCtrfok dtRive €xanpl e,
t he conductor arrangenent shown in produce the wave in Fig. 12.

The hor i g/ements T2xiT3 agd nga@kttﬂnepﬁg)'%t ?H@ck aél elgmegt:14. &'ﬁmntﬂr?ehaﬁem cle

(or oppasdenawithéd b, Becausd th@'réé‘&%h@@lavuoé@"@s H%E'r@@nvuﬁébéwb& hav@/hak? s the
axis of the magnetic field |nten5|t% wave conprises positive

pol es asalfegdy (el the regjon abeyeelemant T @@dﬁ&j’%ﬂf}t\Té Wibbe swishaden ease’n 83 1b.

The Wavethé%en%@naag,aédcnﬁleefth@re\gﬁin%ow tNe_é{bm-EhﬁleelﬁfPsCétété Whbh itife 8@HRNt t O
twice the | ength own in Fig. 1) nultiplied with the frequency of the

al t er nat Thi§ swph%ohw &shamnev frig: PﬁgH%ﬂeage thg mepatirpg ﬁ!ﬁ!mfls M 341aedegRnent ,
for exan@lightdgrrconduct or arrangement shown in Fig. 1. However, it is not
necessary that the conductor arrangenent conprises a star poi nt (e.g. the
star point 4 in Fig. 1). Qher configurations are also possible. For

exanpl e, ri Mg §fvsn Adshgehitnt MAichis émhlar fd e ailranéé'lﬁerlit’s @ﬁéwﬂm Rig. 8. IrRan be

connected at both opposite ends to the power sup é I ne. Furt ermore, the
power supph mmay@%wffseenawemqféhma%mﬁg"engq@mts PPﬁ owR in Bigt BrHRAWERE y, rmay

be a di rﬁgtm%ﬂcfuﬁsr‘ﬁdd'ltlo'ﬂ@}spdrﬁ dflike SARSFgeMhert. E’édh%ftthé:wdoeeéwé éé}ﬁném@ opposi te
ends of t lines 1 by connected to the power supg é@l ine via

a DO/ AC 1053y #93ks(103¢ otataﬁwoemor e neRbios Prqdh'é'"géﬁgﬁ'?Pt'Pﬁ‘a(Q"ﬁ

di st anceaonhe&t\ee% &Wts'\l\ﬂt%h 9624, 028, mctfbfsswmmgcsrpéno%ﬁ #Heaaemaht al ong
the path of travel inthe range of 0.1 mto 1 mand the frequency of

the alteldatq ﬁgla@u'neéﬁﬁ Brthe spsenefea tese-BRaseraliematipg syeetisystertidhe o 100 kHz

so that hERikd GEReRY IcBmMpHse Wiresd ¥r &ad\ésm%veb& Waskhd RBIeAB oPthePBlinihe to 20
kmi's. Conseq uentl¥| t he veI 00|t¥ I s much er than the velocity of the
@fté&t@ﬁftsfwwg

vehi cl e Hiffat the right Band side phEiggj MaYCoRPrise Al @MIRon Blar PRIk vi ng

devi ce qff amhﬁe&%bséée OH thk dabegltéc@tetdi%éﬁqmnﬁm 08!tit iBBRRectéd td 1EINSHGH
constructed in the sane manner, although they are |located at different
posi t i orsPurge 101, such as the arrangement according to blocks 101, 102 as shown in Fig. 6.

The magnetic wave shown in Fig. 12 is the resulting wave produced by at least two
phases of a conductor arrangement extending along the path of travel of the vehicle. For
example, the conductor arrangement shown in Fig. 1 may produce the wave in Fig. 12.
The horizontal axis x is extending in the travel direction of the vehicle (or opposite to this
travel direction). The vertical axis in Fig. 12 is the axis of the magnetic field intensity B(x).
The wave comprises positive poles as indicated by 1a and comprises negative poles as
indicated by 1b. The wave is propagating at a velocity v_M. The velocity v_M is equal to
twice the length Tp (shown in Fig. 1) multiplied with the frequency of the alternating
current or altemating voltage of the conductor arrangement, for example the conductor
arrangement shown in Fig. 1. However, it is not necessary that the conductor
arrangement comprises a star point (e.g. the star point 4 in Fig. 1). Other configurations
are also possible. For example, instead of the star point 4 in Fig. 1, the lines 1, 2, 3 can be

connected at both opposite ends to the power supply line. Furthermore, the power supply



| engt hwi se direction. For exanple if the conductor arrangenent shown in
Fig. 1 is fed by a three-phase alternating current, wherein the different
phase curworbr/dzasé a correspondi ng phase shift, this spsrare@b/osdIser nati ng
currents can be considered as a systen}@f correspondlng rotating pointers
in a conplex plane. The receiving device 200 which is schematically shown
in Fig. 13 may be used to receive the energy of the electromagnetic field

whi ch i 5inRrRE6Ean BerhBtnd QIFEHE iR oA LIteMd tmz?,l &nﬂ dirb& o@%ht |9ife trr Rgel .

The receiving device 200 conprises an area extends in

di r ect i orsefof adifpel cumeRtlingdhe sppesite quéémeblrnelsﬁ i ymaydy C&nae%ﬁd échthﬂ o)
ext ends éé%%\é%&?dmu{e%é B%@/k\te&&dveﬁeroit Hoﬂ?é(r?ds #Bhé‘xa‘{ﬁﬁlé ith@lerdtd ggtion in

Fig. 13) referab he area 308 1s extendl ng horizontal plane and

t he cor rithgomel nﬁgarwehmme@m Oﬁ'ﬂﬁe&H@‘@@ﬁﬂo(‘%Ofgthe m@d%tqreaﬁ@esemnwem then Fig.
1) whi chh R bepsiz ?Aa?% ih iR v%ﬁb@ on 1%%1 ?'m hﬁd ﬁwle%%q%h@ﬂ&’r' tR8 altématifpr | zont al

pl ane bel ow t he pl ane of area . ar ea he recei vi ng
devi ce 2BWreabafpydliaae maydedp éheh@nse 0! ﬂé@é@ﬁﬁp &Hz s Wpatithe pfogagation ¢ hr ee

phases, \ragdty bami msy 84 id tﬁ@%gl@r’i‘@f f?d)(pﬁ\/sgto 27€pnm/§ 1Con$%%u§ﬁ®"”fhé Velbdig-is 13, 15,

16 and 17, each phase may have a sin Ine 9, I S connect ed

to a corfmeeh kigher than ke mlty nbwgmh- ?Qa?'@(braﬁ@t r|e§'ét é'aﬁ éifeméwa}déﬂgé@@o"s
possi bl ey tﬁ@recéwgme%.ce%? trfémué w.uFaraduéeBme%ama &mﬁ%owav iCREBPhiese NOre

than one I'ine. In"the exanple shown in Fig. 18, there are two parallel

| i nes 9,copgtructed lnlfbasamf mannerfajthougle H\emeag@cam ajidiffarentpositigns i it s
not neCQéﬁﬁg\)GsE‘?jlrQEthﬁx a common star point of the phases. Rather, the phases
may forma |ta circuit.Due to the magnetic coupling (in other words:

i nductive coupling) between the conductor arrangenent which extends al ong

the pat hegfex @?\é‘# th@%n&@ﬁorr %g\é%t gﬁd%ﬁﬁ\ Iﬂ% i i'sged EL\)‘Q’attﬁ’reg';ﬂl\asg6

al ternati ng v tages 1, are | nduced hases the receivi ng
devi ce. daitegatingsurreat. wbamn the drf?rglytrnmrse gagentsy hlavﬁ a@prrmnqmdmgg)hafs shift. Fi g.

26. O helﬁ‘sts@%n? mating lclrre %059 bg@onélg reﬁ%%ed %Sls@n deddrrkpBRYingave two

phases only or ave re than three phases. shown in"Fig. 713, Fig.

15 and Fpﬁmngﬁomﬁﬁé"1$ﬁ@@PbXPEUB 11 of the receiving device may extend in a
serpentine manner in the direction of travel until they neet each other at
the star point 122. However, as shown in Fig. 17, the lines 9, 10, 11 may -
al t er nat Theetegeisingidevige 200 whtich is sehematigafs showrinddias 1 ZmayPe Msed tq HCcRVEl osed

gggpge @3 %@getﬁg rgf the é'lﬁctﬁingé'gn\éhé%lﬁfwférgls phduckl By thd'8snd¥ktor Bfrah§&meN NI
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.



| ayer 201 and a sl ab shaped body 2 11 may extend in a plane parallel to the
pl ane of the |ayer 201. As nentioned earlier, it is preferred that the

pl anes ofwOReld/@y®s 201 and of the body 2 11 extend in RCTAPAVNOPY6930
horizontal plane. The top views of Fig,g15, Fig. 16 and Fig. 17 show that
the size of the body 2 11 may vary conpared to the area 308 within which
the lines 9, 10, 1 1 of the receiving device form | oops or winding for

recei vi ngud fahé Inf&g@heﬁ@@é@nn?tmfo%rwm nmmeédlfpuﬁ ﬁ&éﬂwe&f fHeSoRBlidtor t he

| ength of the body 2 11 direction of travel is indicated in

Fig. 14 ¥RNgEMent Which&xiesds along the e pathiof dpveland ghe r@evmgdmcy SFig-He to

vehi cl e)rip 2e2kib@ating %italgéégﬁ 82, Ub%r@rnaaoém.nw 9ha§é§%fltné1@%eﬁmgl&wcél of
the receiving device formloops or w nding receiving the field energy.

Most pr efhe maaneticirouplingjs gy@bolized bdd@‘gf;efl"é"bﬂssl%mﬁai 26/ "t he same as the
length of this area. Furthernore, it is preferred that the width of this
area is substantially equal to the width of the body 2 11, as shown in Fig.
16 and FPiger han shawnapGign{ 326 the (Ragiving %ﬁvﬂ%ﬂ@éhﬁﬂ‘{eﬁ‘@ﬁ'}?éﬁsf)ﬁlé‘ RERYs of
the | oopsavemareith@ved pHdRegf the heads are denoted by reference nunerals
231, 232 in Fig. 17) are also covered by the body 2 11 and, therefore, the
el ectromagnetic field produced by the lines 9, 10, 11 is Shl el ded fromthe

i nteri ora@§hdwifin\Fed 13, e.grﬁsrahe dyg, %elﬂqe%tﬁma dfr{h@relaemn@wvaie RAyne

bet ween the receiving device ar’:?t he interior of the vehicle. On the ot her
hand, ase’@qﬂ Big&dP B?é“ﬁﬂ*i‘%!ﬂﬁh@@!r?@f?%ft"ﬁvﬁ'l‘ﬁ“" @'eyﬂﬁ?t BB@H/Ot?e'.’Lib‘Dﬁdl es

the fi el dad poiets122f HbWBVEFREE Shdvin il 8§ OF7, Atinel @, %O{ﬁm'apc hftém8tively or in
theefficiency of the magnetic coupling between the conductor arrangenent

al ong t FRAGPIENHO d1e serpertineponfiguationyvioRy dasediapPig device of the vehicle. It
Is also preferred that (as shown in Fig, 17) the whole area which is
covered by the ferromagnetic _body 2 11 conprises | oops or w ndings of the
recei vi i Shaynip the sige Vigyoh fig Ey&%'weézﬂﬁ theoregeixing e vice feangxigncwidhineor

recel Vi ng,diiyd ENANPAILS skt iy 219 dhPekERTRA G phicfibido Iﬂ{é)ﬁiuﬁédf@ﬁé t he

conductor” arrangenent. al ong thée path ‘of travel ach of the

di f f er erl@ygsPQd e8s grentipred %&?rv it l'ﬁgp"ﬁfﬁﬁe@éh%tdh?) P|a§e§ °f thﬁéasseéapﬂ @hd obthe he

W ndi Ng KY4yCAllexNdGR aqKESRI hbfidhtaQiaf). Y to the direction of travel,
wherein the sections of different phases are distributed anong the Iength

of the receiving device in the direction of travel and wherein these

secti onsy ﬁ%m&wsow F‘Pé 1%0F@e%'¥aha¢| Q?ts'heﬂqhétﬂhé Bﬁe@'ffﬁéodd@%@fméf @é&?' in
the same nanner as describ above he conductor arrangenent which

ext ends nRAed icthg arep 398 WI"’&O@(“'CW%‘“%%EO i &f “terféc’ﬁ'l"l“@rdﬁéﬂc?rﬁ‘@mbur rents
whi ch arl@obd“é’rﬂﬁuﬁ@m@lfoﬁr@@el@ihémé UIRGREGY of fHeRdiEbtRIntadneBifiaNd. PRfRBIPShke
directions if two nelzgl bour 1 ng

length of the body 211 in the dlrectcon of travel (which is indicated in Fig. 14 by an arrow

marked with v_A, indicating the velocity of the vehicle) is at least as large as the area in

which the lines 9, 10, 11 of the receiving device form loops or winding for receiving the

field energy. Most preferred, the length of the body is substantially the same as the length

of this area.

Furthermore, it is preferred that the width of this area is substantially equal to the width of
the body 211, as shown in Fig. 16 and Fig. 17. The advantage of such an arrangement is
that the heads of the loops or windings (two of the heads are denoted by reference
numerals 231, 232 in Fig. 17) are also covered by the body 211 and, therefore, the
electromagnetic field produced by the lines 9, 10, 11 is shielded from the interior of the
vehicle if the body 211 extends in a horizontal plane between the receiving device and the
interior of the vehicle. On the other hand, as explained above in connection with Fig. 3,
the body 211bundles the field lines of the magnetic fields and therefore increases the



sections are considered, thereby produci ng opposite magnetic poles.
Consequently, the magnetic fields which are produced by the different
phases coWpaf¥dBEs%ach ot her, even at | ocations havi ng ECIAF2098DSBENCce to
the windings or coils of the receivingsglevice. In particular, the magnetic
fields conpensate each other at short distances in any direction transverse
to the travel direction (in Fig. 13 the direction perpendicular to the

i mage plé‘r@emd;fmbemﬁ?ﬁéﬂcv@upmgs&%entrréfoarraactbnaea)gen%rﬂaro}@ thé€ patredfi cal |y

shows the princi using two parallel lines for each phase of the
recei vi rf{)a"&b%”‘b@'e "T‘I’l‘(én%%'vmglq?d’f%@“&eawrb‘ée applied if the phases are not
connected to a star point connection 122. As shown in Fig. 19 for one of

t he phases[i((-lﬁﬂor exanple for lines_10,_10a), both |lines extend through t he
interiorlts Pf@f%ﬂedéh?'e(?$ shwm i Fig. 17)ge yhe'e asea Whishdperieredbytheect i on,

i . e. thaelbmagnett body21¢ BipRséslooBs 8PWIMAINYs 3F theltateilinh deliek, i.d e

antiparallel rn the region of the transfornmer. The ring 218 couples the
magnet i VAQlR pER3 N hegsed; asdgcaiving amea fok Feefying tﬁﬂy’%ﬂ"ﬁf"éﬂ@he@hﬁf t he

par al | el gi&stidniynetié Al torodutBd by the caifIlBRR aRbRgeméMtBonglhé Iphitséfitahves t he

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 i vprederkly.SeaR @f ﬁnédrﬁ@r)énl M@& lo¥ irelre 8divihg Bk WEE chinphsds detgbclisnsSef The
mai n mductrvr%’y is the part of the total inductivity which i s magnetically

coupl ed e windingemenilwhich extentansversahhtodhe diredienof &Plﬁ?\'gwf‘ﬁ'@'rb'ﬁ'?h of

travel, Qéﬁorﬁssof'?mergﬂvﬁrﬁgeé Qreadlétﬁﬁt\(tﬁh afdngthé %gtthmhé Fgc%‘vrdd%mé iMithey Of
each phase I s conpensated by the respective capacity of_ the phase so that

t her esul difegHion effEyghard vherely these feetiops EraHIQW gfmsamewr'vmsscﬂ% in thee

i nducti Vdute\étl&f oﬂ@%ﬁn'thé‘@aﬁlé nha'?rrfé?%’@@&ﬁffbﬁg aBMv&ﬂiP%‘é Eohddidthr alrBRgement
I nductivity of phase line I S conpensat ed i;‘ gam ty 215 and .t he

i nduct i WHIGh B’Fteﬁ‘l’ﬁa%'@"ﬂi m?epaﬂﬁf fravel oHie eane thap thecaliesrating comrgntsyhich amy| t i ng

vol t agesn@glewasythé BRclr8mabRacieR ar@hmqjh oSite dikdBons! it BvaRéighdingnce
potential 237 are denoted in Fig. 20 b , U2(t), U3(t) in order to

i ndi cat esechiens ameoasidered. tbsrﬁwow@m:'req OF%H?é r mi’ae?'i'%?'?% nsgRyentlyethe
capacit Irﬁ§gr?e1r&,fre%%5vh.&il§resa?9a\rbeurbyﬁhg dm%%rwbﬁds&%nrﬁmste\éachw éa ng a

constant anplitude, if non- movi ng conductor arrangenent is fed by an
aI t er natﬁtﬁ‘y’a&‘%? B‘F\‘f‘”%ﬁ\?hﬂ@ digtansrde the Wingipos el erils qﬁ&reew'v'rlgsdeyr?sm in Fig.

?}a‘rﬁémarcﬁ’t@ﬂﬁé@%ﬁlb @BId8fcofripBnéste %bch BheF A1 SHoriSthn&RGH aRh afEctiorn be
achleve connectin he phase to reference potential 237 via the

r espect |tﬁ!‘5&ﬁ'ﬁﬁé¢ the tzars' d'mon findig. ﬁﬁethg%%@'oememnd&cwrﬁ%#@dweﬂa@t ),

12(t), |aHd theivBrithdireétidn bk GA&Ge)t hat this parall el connection of
inductivities and conpensating capacities will produce alternating phase

currents of constant anplitudes if the conductor arrangenent
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 I1a(t) 11b(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



on the primary side of the electromagnetic field is fed by an alternating
current having a constant anplitude. However, if the primary side is driven
by an al tWOr2at0/03¢59% ol t age havi ng a constant anplitude, PREEFAWPO06NOI t age
of the phase lines 9a, 10a, 1la has a fnstant anplitude. In the delta
connection shown in Fig. 22, the capacities 214, 215, 216 are also
connected in series to the inductivities of the phase lines 9a, 10a, 1la.

Dependi %sQIﬂn% [Hepd dAABE Isl 26 Mn te é%ﬂ@%ﬁ&m‘n H‘ﬁé 26 thel Rducti ?ﬁﬁjsef Ih'kt her

dependi e Intensity of the received el ectronagnetlc

vol t agesg%tﬁ@ﬂweﬂﬁ%ieé &Y wﬂ@%@ﬁumﬁ\}%ﬂ'%v'@ﬁ oftrhase erideH 'Wnlpﬁgéa@ﬁere
def i ned, capdefy 2155 andthe induditiy 6f'Bi’1'é§@ﬂné’ 9h4 %%rﬂp%n@ét@@%% tyS24eeq et he

maxi mum val ue duri ng o erati on he recel vi ng devi ce, ﬁe conp ensatl ng
capaci t i ©§ulling voltagss botweestae éﬁrm"tﬁi-'aof phage jines %moeaﬂ)ba:am @ée’&ﬁﬁet hese

partial gsaeq bB?%rea&&o@éoslhrFlé’W @i@ngwmm%e% ihdigatBAsane | nes 9a

10a, 1lla. For exanple, as shown in g he congensatl ng capamta/
be di vi meﬁﬁpmwnsﬁm'aquCé'awa%Ltauné he capacities 244, 2155216 shown imkiga2 216b

and one Ghqths Ak vBkadeRMagin 'aeéon%iﬁ'@an'%ﬁéae iPth8dohsm&Vihg BSfficr t he

term nals of the phaseines 10a, 11a and the other partial capacity
214b, 21¥RANGRIEH |S§e<abvan@@emﬂn@cwmhamg@fcqnﬁ@nbﬁraﬁbtum ne 9a, 10a, 1lla
whi ch divides the inductivity L into two halves. The circuit shown in Fig.
2 1 al so conprises conpensating capacities 214, 215, 216 which are
connect doweveseas ghowngnifig 21nHesama egmpensatiomel the iatal indyciivitoef eatha, 11a.

These pgﬁ?ﬂ%b'&ﬁ%e‘%(cﬁne@@@g?%%dtuﬁ%?&cﬁhééést@ réﬁ:rehﬁ@g@féﬁﬂél'zts? Vit nal s of

t he pha | odes are connected in

Sori b Ci8SBRENS SEPRITY 21Hed 1 AP NS eI RO oD O 8. to
line secsq Ptﬁlcgfe ﬁ'\Qﬁthda%ifél %H&Qtl&ﬁ%ﬁ&ﬁ&lV&l@?aﬁ&"@orqbgﬁseé’flnagapgaﬁesmﬂldges on

the sane sid he respective correspondi ng termhals) of the phase
| i nes ar@oémtﬁr@ailngrph@éﬁz p@@emtﬁotamtantlamp" Q?!fﬁ'éf? aRidaictor pEapgemgels at

the oppogj i &iﬁ%r&’fsldé%‘? %e@]@&%n‘ré&%ﬁtn@h@ld@f@&%ta?ﬂalie'ﬂné%ﬁb%uh@ht Rvirgpgh ot her

by shortening |ines 361 , as shown 1n Fig. and capacities
217, 21sconstant amplitde: rHowexer; %thsammane pideds drivendy am@?r@atmsal@na%a%ng i ne.

These Ca&é&r&s‘térﬁ%nmmddesi?%%di’pdt%ltédéks?fttHé‘bhéPééShn%E th%éjhﬁﬁ%s\éoédr@fé% across
the bridges of each phase. shown in Fig. 24, the three capacities 217,

218, 219amplBuds.f ecti vel y connect ed in series to each ot her and the
correspondi ng voltages Udl(t), Ud2(t), Ud3(t) which are produced by the

t hree phases are added together. The total voltage is denoted by Ud(t).
Despi t e InHbe dafreaninegtiaraghewn |né=gg 22, the capacities 214, 215, 216 are also connected

in series to the inductivities of the phase lines 9a, 10a, 11a.

Depending on the inductivity of the phase lines 9a, 10a, 11a, and further depending on the
intensity of the received electromagnetic fields, high voltages can be induced. A maximum
value of the induced voltage can be defined, such as 1 kV. If 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



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, 1la and
al so depamgi2oy/Bis95he el ectric | oad which is connected POTERRMANGIBNAl S J,
K of the circuit shown in Fig. 24. If ere are only two phase |ines or
nore than 3 phase lines, the circuit shown in Fig. 24 can be nodified
correspondi ngly. For exanple in the case of two phase |ines, phase |ine

1la, capgekhye gér%e%fé‘é ih BSch %ééeé“ttthé/ 8pP6§|t@gé‘rﬁuﬁéls bihe EQéhﬁe’% t@%dﬁ-udbte the
e

phase lines 1la can be omtted. According to a speci di ment “of the

circuit feraemhby wadigdes20 which ase parnactassin seres @1®ch2>1@raﬂee tﬁﬁ'@!‘@iﬁ afttee ages,
for examRe %HQ@ére%%ectIB?o §NRé Qé!ctib’ﬂ'o@ lhe %@E%tﬁﬁuebdhﬁe% tRE BN PYicdLST ages

can directly be used for operating electric and electronic devices wthin
the vehi4Q-e. 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 receiving device shown in Fig. 23, the phase |ines 9a,
10a, 11alhekridgsseedbesame sigede@rahtheraspastvaeonesponding tespyils)al theer ni nal s

371, 37@1as§7|§e§%retéb‘ﬁn9&§§‘ﬁ1 $drié8S0 Sach Sifer. Futﬁerrﬁcfrg l‘ﬁ@%@ﬁé@éit then each

case, to a rectifier bridge conprising two di odes . TheSe three bridges
are conrRRposie end phgach| phase ineartercasnreted dnpamligl to ﬁécfr elber by shpriginingct

current ;aE 86054 369, mcas Sh&WH in gezzt 95@&&!&&.@@%7 ! 211809@? BRe U5idcicd

operate any e electric or electronic device with vehi ¢ A snoot hi ng
capaci t yin pamliektodls hedaescdfieach ahase lire. the%eh@ap@mtlag wl srapath heaflucjuations

capaci ty, ofﬁﬂefs’du'?%f vBfa O? a%ﬁfs%%(e ﬁﬁ&q&QﬁeaéHﬁﬁa@ A@%h%ﬁ%ﬁ@”ﬁ@tm@ihr@é‘per

caps. A nodification circu I's iFustrated in Fig.

26. Al ¢epaciesAty, @dﬁp%%me@f@ﬁwqﬂsewn@medh@ﬁeg@ taeeagh ofhes apddheed |ine in
Fig. 26 Girfes &.ﬁg %u PBQU&HQ?W& 15.19881t) WhidH &te rp?&i acegﬁ\fﬁéthré@eh&eg%t on

the right t he ashe 1Tne’can be any ot her

recei vi r@@é@%h@om todalvgltage isalgsptedity Ydbt Dﬁ‘ﬂlﬂe the ﬁ"\oéth"ig sAnagitiepe
al t er natj{y92¢4 rz"@ntq?%%ggﬂ%gebyd(g @stm%%ﬁlahha%pemﬁg BhrtﬂéJéIEctH@%hng'} the

| eft hand side of 't explained Tn | om ng. The

two connwhieh isrprpdigeddydhe phaser 'é!l,eélaﬁ ﬂga d@@@f@ aésmdqnwdtﬂgmm@ eﬁﬂﬂftc load t he
l'eft hangygj féeoo%eetla& tdjﬁ'%héﬁ'n hélQ% RIcf trséea&hﬁghwn (A F.gl 2Mﬁh@»erhr5 fzswyel ect ric

potent| al at pol nt her han th | ectric pOt ntial at poil nt
seri es c@ﬁrp!f@tse bma:@rrmo@tthmﬁ@haqa bngs: the girzyit ghewniin FigRtean/be gnoszlévsdl s

connect g‘g’ o a ﬁb@ rT-S:r%%‘r‘ﬂﬁfétllhi}‘ﬂa e ?w&'ﬁ%seﬁ”fetshﬁ‘af&rlﬂe 1R &pality 819

connect € Tnductivity 220 and via di ode 2 he mnus termnal J
of the candctbetresnaétwet bridges ag 't%gmﬁe‘éfttb%lph@ﬁet'H@Sdﬂﬁ@“tbéroﬁ“ﬁa‘l’ K of
the circuit, the plus terninal An energy storage 223 is connected between

the termnals J, K .
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.



Swtch 221 is controlled by a control device 285 which is connected to
swtch 221 via a control line 286. Furthernore (not shown in Fig. 26),
control OX0I2080/B8B5i s connected to a nmeasuring devi ce WRCTHEPR@IAOEPEL ed t O
measure the voltage across energy storage 223 or adapted to neasure the

| oadi ng state of the energy storage 223. If the energy storage 223 is fully
| oaded, control device 285 closes switch 221 so that connection points N, O
are shorA afficilich GAREEH LI FeAn3R Hid. 96 if REQHAH FIVE MGARRGhgdel | ver.
electric energy to the storage 223.” As soon as the energy storage 223 is
not ful |gpMpsaeats amihe mighthandiride of the dpshird linedaiFigy 28rame eptpettheasdcwher gy has
been del dnpGhg WMo Tcirb it b fheVrRiHt R siBQ13F [l dAAYd fife &&PboPENS
switch Zgﬁ) gng Fﬁﬁggén%rg@gﬂtﬁgrcggé%Zg‘ewﬁw %’Za f'gggeé%a af‘n gy_t_he receiving
devi ce irepleped by ady ater mceivisia devise qomprisingedtlgastjorretectitenfecrectfyingrihe

el ectro ing cli (e FrRROPRE Bif cltPartBrPink Rfifar HGELF! €, 1N
parti cu{’%@ﬂggﬁﬁggbgggpu% vemy(]:‘Tfee',‘A’\H?fe[ hrﬁ%l 2‘@??‘?%& r?ergy, erein the

ar r angertbedashadlineswl bg explaiediimgefellawing.(85) adapted to receive an
alternating electromagnetic field and to produce an alternating electric
current by el ectromagnetic induction, wherein the receiving device (85)
conpr i seEheatwol apnapetion refintaohitierfgeeivinaideyice and the(arcuit part onjthe feftdiandisidecal | y
conauct | §and'Bhdadne #8618 BRE NIWRSII 1Y el pbidntiali Bt pdibd NS highapt ed Lo
produce a separate phase of the alternating electric current. 2. An

ar r angertban theoglegirio poientia) ah poishPc Aserien connectionipensising chaiswieird1 aedi cl e,
VLT C ST GaRip D0 ic WAREEER oLl ha BORIEALY BEFR N SESE gl Bt 8oV, oo

(85) ada ecelve an alternating electroffagnetic field and to produce
an al t eringonmested a the indadtivite 320 Bpd siaatioden?Rtadhe minysdgoninah) ofiihe ciseyit. t he
recei vi ng..dayi SRS ' i ingOhhs (9,

10, 11) ’%ﬂ@}!j&sgﬁefcgghy cor(#dtég't?? ﬁ‘é‘%ﬁ@ﬁ% Jo?hc}e‘é\?@?h,’lﬁﬁgﬂ{%ﬁ%@rﬁlﬂgs and/ or

coi | s ( %gnetqy, storegeA23 isderpested hetyweenithedeminaladet phases of the
alternating current and are positioned at different positions in the

travelling direction of the vehicle. 3. The arrangenent according to one of
t he prec®witahgR2 iaicastroligd diye epntriobdevicen2dfywhigh iy eanngelied do gwitch 221 viaya ar e

connect egh-t 8 the V?Hﬁﬁém{o@gnoft Show?? m’ﬁgé%dr}gcéﬁr%l gLvisd 78 iiygorﬁ'lé%%_%rn% a nto a

direct current. e arrangenent acco g to one of the precedi ng
cl ai ms, meesusing dgvise apiqhis adapted ip Meabyrg the veltagerasinrstanerginstenaioq|228or

ar r anged, aRavFo g S e I95iR) SR of e bRergy 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.



(9, 10. 11). 5. The arrangenent according to the preceding claim wherein
the body (21 1) has the shape of a slab. 6. The arrangenent of one of the
two precenlDngloal3sidrs, wherein sections of the wi ndings &au/EPR000004930 (9, 10,
11), which sections extend transversel¥4to the direction of travel of the
vehi cl e and which extend substantially™in a comon plane, are distributed -
in the direction of travel - along a |l ength which has the sane size as a
proj ectiggiyf the surface area of the body (21 1) onto the plane and
wherein the w ndings and/or coils (9, 10, 11) are distributed throughout
the whole length.7. The arrangenent of one of the three preceding clains,

wherei n segti L ()] 0] ' ctions
extend tr aﬁév@?éggig%ﬁg}t&%{)\?gé?%ﬁ hﬁe'ﬁ) g%/rgf&%?a gr%ék ve rﬁdc\)lggtﬁ(yﬁ @hi ch
ext end subst aglestd¢ epergy, whereimtbe apragemerhcoapises @ regeivingdevied 85) of a wi dt h

which is the y f o [ lhecti f
the surf ace Aebiey 8o Ear A b dafr frRifTollarg GprulbaCCL o1 O
one of the prajeeting eldcinelmenhby elestramageetisindietionf the phases of the
recei ving devjt&eingRe reCc%Wﬁ{d ééa‘ﬁoet(‘gﬁ? %(?rﬂ@-gse(s% Igéiitxéo?wiﬁoﬁ?gn IS éln]d’/or]&aﬂ%gy}h! ch

are electrically connected ™ n par. 0 each ot an ereint li nes
(9, 9a; 10, 1UkK;11)1af elactagaliyicondusnting enaterial ovhereineash winding eaepii (8. 1®e! Wehi cl e

via a differ ' Wik d

i1 orential Be0anel s bisRlos b IBRAR TGt R AR AR BT BIARY | 114
9. The arrangenent of one of the preceding clains, wherein a capacity (214,
2 15, 216) 4i s ' rhes t e ; Wals)] i ls (9,
10, 11) ;. Fo A AR 01 ;RS o RNER: T Bortle S Ek SRR B 2, ST
9, wherein a eegrcengrgy.Mbereinltbe agragyemnentoommpeisesa réagiving dgvied (85) each of

t he wi ndi ngs I : ne of the
precedi ng cl a?d}ng?éyv&?ggg“?]e %rﬁglt%rmgﬁﬁ%glgdm%{réﬁgglélpga'ﬁ?g@%{ug%f@ are
connect ed t o altegnatimgelentrig cystsinhby eleetrymagneticinducien.angement of one of the
precedi ng cl gj : ' @atgzg],- f Malel] | @1, Ol 1) is
connect ed toqgﬁ@rﬂ&wﬁ%%nﬂl\'/ r er'&((%?g?&gbﬁp}%g cléégg (f? &vé@ﬁdcsfjarﬁ%rtég?\ 't he
AC/ DC conver t #) 41| oilectrically sandutiod materialcwhereimethe windingstandfer opd$ (b d@s on
the DC sides pf a}é‘ﬁyé&ﬁ@a’?& ;Brﬁaﬁce(giﬂ%reﬁf @né‘s‘é@%‘ﬁ'tﬁeoaléﬂ?iiingtchﬁéntté%dpéred.Uce a
sum vol t age usabl e r supplying electric energy to a consuner wthin
positioned at different positions in the travelling direction of the vehicle.

3. The arrangement according to one of the preceding claims, wherein the windings
and/or coils (9, 10, 11) are connected to a converter (20) for converting the

alternating current into a direct current.

4. The arrangement according to one of the preceding claims, wherein a body (211)
comprising a ferromagnetic material is arranged above the windings and/or coils
(9, 10, 11).

5. The arrangement according to the preceding claim, wherein the body (211) has

the shape of a slab.

6. The arrangement of one of the two preceding claims, 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 length.



the vehicle. 13. The arrangenent of one of the preceding clains, except
claim12, wherein termnals of the windings and/or coils (9, 10, 11) are
connect edWO 200388 h wi ndi ng or coil separately - to a ®OmER2AL00¢20) f or
producing a direct current and wherein,d he converters (20) are electrically
connected in parallel to each other so that thedirect currents produced by
the converters (20) are added to each other for supplying electric energy
to a consuner within the vehicle. 14. The arrangenent of the preceding

claim wherei n a capacit 219) in particular a super cap or arrangerrent
of super cdpsTheamrange necRfitbe ihres aregedipg claims rwiareinsestions of the t he

converters (2\Dl)1d|n§§anJ/@?o@fsr(Qnﬁ?r’ﬁthr%h séioRs BRtBAY REnSlerddly toRgrei n a
switch (221 ) is connected ar a to the capacity (223) and wherein

the arrangemeHtect %ﬁfr‘?aé’@éOfathedﬁh'P@Ia’lﬂ'é%“"é’é%‘?%f“%%’ﬁla@)ﬂ'W%%F‘Gﬁﬂ’(‘ﬁ"@al |y
close the sw d,ghd witin the Ifmliw ac\ﬁﬂﬁfp\lvﬁhéh G@@\%)\mdtﬁ df dhlaYed Qﬁ@ﬁ%a%ﬁ&s&h@ﬂ ric

energy, thereby shortening t i de he converters (20), and adapted
to automati ca?f'rer/a%ﬁ@rmw@nmnwr@ﬁfreq ?f thﬁéoee%éopvtocbeebanﬁs able to
receive electric energy fromthe windings and/or coils (9, 10, 11). 16. A

system for transferrlng electric energy to a vehicle (81 ; 92), in
parti cul ar 8t oThe aFangemestAtione:fithe precRAive claime Hehareisiat Jgashapg PLibe t he

ar rangenent Wégbﬂﬁ\et@o&ﬂﬁg eév.&@rsaqrcsﬁeﬂsésgw@nrnegg@rgenﬁocioy %, 144)er ei n
the arrangement is arranged in a vehicle, and the sy stem further conprises

an el ectric cuhignareplectricallyfonaegted Mara!e'rm@acﬁ\aﬁthe@ndtw%ﬁrern tBe lipe(Syehi cl e

for produci nggd:Re, #bd;anNaid)He %ﬁg&%gﬁébleEtnE'l@idjanHQvélﬂéletvl%eé eby
transferring the energy to the vehicle (8 92 wherein: a. the electric

conduct or ar r%@éﬁﬁﬁhc”(fm‘)t%%ﬁ‘ieé@é8élf°"leé'é‘§‘tat'f‘9v§"¥ fiffeeentiahcurrent afy the o

carrying one M&ap%‘?ali@i lird3 (@l g§r1r¢at10gg|1el1¢§)tr| c current, b. the lines ( 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 tine while

the alternalifie Sirkidenient SHEREH the ﬁré&eemb%.ﬁrermemtdﬂeadarcwfm(«r 3152, 3) -
a row of successive magnetic poles of an el ectromagnetic fie wherein the

successi ve nedjifis eonperied imsgiiesdpeach at thegvindigaran oheRilgPt1841)-d. the row
of successive nagnetic poles extends in the travel direction of the

10. The arrangement of one of the preceding claims, except claim 9, wherein a
capacity (214, 215, 216) is connected in parallel to each of the windings and/or
coils (9, 10, 11).

11. The arrangement of one of the preceding claims, wherein the windings and/or coils

(9, 10, 11) are connected to a common star point (122).

12. The arrangement of one of the preceding claims, 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.

13. The arrangement of one of the preceding claims, except claim 12, wherein
terminals 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



vehicle (81 ; 92) which is defined by the path of travel. 17. A vehicle (81
), in particular a rail vehicle, conprising the arrangenent of one of the
precedi ngvol2a10/813P8. A system for transferring el ectri cPEREPRYNINM690 vehi cl e
(81 ; 92), in particular to a track bognd vehicle, wherein the system
conprises the arrangenent according to one of the precedi ng arrangenent
clains, wherein the arrangenent is arranged in a vehicle (81 ), and the

system f urt hedireePBRFdri®prodlcéd @;ﬁ%l&no&mg@mrar@aa@éw@mh diHet)ordt the path
of travel of the vehicle for producing the alternating el ectromagnetic

field and forSUPRYINGSlectiaAReraY fQ agowén%rrv@mthpdeme vehicle (81; 92),
wher ei n: a. the el ectric conductor arrangenent (12) conprises at |east two

lines ( 1, 3) for carrying one phase of an alternati ng el ectric current,
b. the I|né§ “{heiarrangegient ot tbA pregeding daie. wheteind capagiyI(2T9). in Raskiculardes (1,
2, 3) conprisgodr BAglbard eﬁfenssf:éufeﬂéa;(s‘i)sa&wne&e%teM&ﬁthalaﬁ&@m%mto t he

travel direction of the vehicl eé which is defined by the path of

travel, d. tHemaigalsiohing qampedersif)- sane I|ne (1, 2 3) are arranged in a
row along the track in such a manner that - at each poi nt in tirre while an
alternating electric current is flowng through the line ( - the

al ternatin cmqmngemnsotﬁe@mdw%Wer%etswaﬁ%(%aééls %nesfeji "P n the

row al t emat i nodryiidl B GPIBIQQPJ;&F} (dzﬁ)eéifid m@emltﬂe aﬁanaérh&q oBﬁfpnBéé)é{ icHhtel 2
vehicle (81), in particu track bound vehi cl | ectric energ

wherein an al Q%’qu?a(?ﬁﬁbadép&ﬁ toaviinriically ¢lpeg thej %V'tﬁbé%?UéfthWaa‘?@&&% 'ﬁg
device (85) OfLII); Bgdé/@mtﬁ 'eﬁec(rféje)ne?gﬁp tHeteBlS§HbrieRing A& BEEsidd ofthk RbAM M

el ectric current by electromagnetic induction, wherein a plurality of

wi ndi ngs and/(@P). @pfladapigd tq gutomafically eresdhe swigh (P23 bihtheceapagithed2sy isal  of
the receivi ngasi@w .%e.(,§é)ecﬁrrceedé$§sdrrsrﬁ tRY R saRdRr cBlid 1@t 1ot B! ectric

current having a plurality of phases.

16. 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 the preceding arrangement claims, 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 one phase of an altemnating electric current,

b. the lines (1, 2, 3) extend along the path of travel,

c. thelines (1, 2, 3) are arranged in such a manner that they produce - at
each point in time while the altemating 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.

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

preceding claims.
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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 the preceding arrangement claims, 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 altermating
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 one phase of an altemating electric current,

b. the lines (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 altemating
electric current is flowing through the line (1, 2, 3) - the alternating current
flows through successive sections (5a, 5b, 5¢) in the row alternatingly in

opposite directions.

19. A method for providing a vehicle (81), in particular a track bound vehicle, with
electric 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.



