1 System and Method for Transferring Electric Energy to a Vehicle The
invention relates to a systemand a nethod for transferring electric
energy to wowelwwobss in particular to a track bound vehr@versmahivas a
light rail vehicle (e.g. a tram. In particular track bound vehicl es,
such as conventional rail vehicles, nodo-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
optical neans, require electric energy for propul sion on the track
and for operating auxiliary systens, which do not produce traction of
the vehicle. Such auxiliary systens are, for exanple, 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
vehi cl e which is not necessarily (but preferably) a track bound
vehicle. Cenerally speaking, the vehicle nmay be, for exanple, a
vehi cl e having an electrically operated propul sion notor. The vehicle
may al so be a vehicle having a hybrid propul sion system
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t he road ehejrically 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 electrochemicalily stored energy or fuel (e.g. natural gas, gasoline or

petrol).

Track bound vehicles, in particular vehicles for public passenger transport, usually
comprise a current collector (altematively a device) 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
extemnal track or line and produces mechanical propulsion force.

Trams and other local or regional trains are operated usually via overhead lines within
cities. However, especially in historic parts of cities, overhead lines are undesirable. On
the other hand, conductor rails in the ground or near the ground cause safety problems.



Placing the coils at selected | ocations along the I ength of the
roadway has the di sadvantage that the energy storage on board the
vehi cl e newoxom/bawge storage capacity. I n addition, ifraierwhnobe
does not reach the next coil in tine, the vehicle mght run out of
energy for propul sion or other purpose@. Therefore, at |east for sone
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It is an object of the present invention to provide a system and method for transferring
electric energy to a vehicle, in particular to a track bound vehicle, which allows for
continuous transfer of electric energy during travel and which facilitates meeting the

respective limits for EMC.

According to a basic idea of the present invention energy is transferred from an electric
conductor arrangement, which is arranged along the track, to the vehicle travelling on the
track without having electric contact between the vehicle and the conductor arrangement.
The conductor arrangement carries an alternating current which generates a respective
electromagnetic field and the electromagnetic field is used to transfer the electric energy

to the vehicle.

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

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



The principle of transferring the energy by el ectromagnetic fields
has the advantage that the conductor arrangenent can be electrically
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- the system comprises an electric conductor arrangement for producing an

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

- the electric conductor arrangement comprises at least two lines, wherein each line is
adapted to carry a different one of phases of an alternating electric current,

- the conductor arrangement comprises a plurality of segments, wherein each segment
extends along a different section of the path of travel of the vehicle {e.g. the track),
each segment comprises sections of the at least two lines and each segment can be

switched on and off separately of the other segments.

It is one advantage of such a system that electromagnetic fields for transferring energy to
the vehicles can be produced where necessary. As a result, losses during the operation of
the system are reduced. Furthermore, EMC reguirements can be met more easily, since
unnecessary electromagnetic fields are avoided.

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

that the segment is switched on, i.e. is operated. In particular, each segment may consist
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wherein each line is adapted to carry a different one of the phases
of the al t@oratwogioel ectric current. Preferably, the elrOvER2009/004961
conductor arrangenent conprises three |lines, each line carrying a

di fferent phase of a three-phase alter fat i ng current. However, it is
al so possible, that there are only two or rmre than three- phases

carried by, a corr i_n nnber ar t

Che seqreicecily TR et iFpoiie rudiEhr arhdtiert HoeRin gl % och
segnent padagtedds camy eh@etanbmaagofethe phdsies ofithefziteinating eecdecurent.t he
three phases. In a preferred enbodinment, the at |east two |ines of

t he conductor arrangenent are connected at a star point, i.e. the

li nes ar ePretamidy thadeledrieeariductoharangementeammsises thegpliiest eaghilio casying a
common todﬁ%rﬁnt%ﬁ%éfalﬁ?@br%sﬁtaﬁémgﬂi R Hotel! i # e%:gospo%%re' mék eley
easy to realize and ensures t he "behavi our of l'ural phases

i s symet#eenlyjtweor fgee thap threghahasss éﬁW?? by Hé>°§&‘~?ﬂ§>”6*f‘9 @emm@f@m# éht |

al t hough par@ulas ek of thetseg.hsnﬂssn@ deRpFiSe §éUt.Bﬁs braata\eﬁemhta hRed) k8 HRst calipr
exanple in the case of hr ee- lﬁldééutem hase shift is 120,

as usual Seﬁﬁlé’"'al?rf’%‘t‘%étaf‘r?&cgﬁ?‘?% e ‘T’P'ﬁﬁ%‘és@d ynplree RhaseRoi dal

or nearly sinusoidal current. An addl ti onal advantage of a star point

t t ha K t t th t
(ot oh ) AP RALoROrdREn} Pt BRECHa ee o bhgonhe parsiemey 351 -
e al ong tdmen@c&gimmsar painty ieq ther inels ard @meﬂe@&ieanhstmfratmeomnt[hjcmmt

b I
ocat  on et SeBRE A, Sudentet B SoE R et 2By o
| ocat i on reélizelapd easutes tméthe‘nlaba\emlauof ﬂwlmmrammamrslsmmw e thagalli sed
by a switigh ca%ms $thé BRELEAVE Bl ﬁ%&@e&&m@n (h8rese b Bhssdghineen

consecutlve the conduct'or artangenent onsecuti ve
segnent s %t\ge pe Bhsest &Y exampledm b ecape At @r@ti"ﬁsé systemgthebage shiftis

vehi cl e af20t @ uBBAETH éﬁémdtlng cufrént @éachPras® mal be a%ﬂ'ﬁ:%@i@h‘ﬁdr‘(‘@arly
segnents is a’ger at ed,

star oi nt cqnnecti on at S
real i sed.SNYS eé’P"e'i“f Ap ﬁgd'H‘efﬁ’éé \Antage é@ﬁ?éﬁf’%‘ %Q'E‘estt?é‘r'%i}@ ng a‘?ﬂ‘?@
sarrF ti gmonamor&& the menéuwmm (whié mhghmcnuaé elféefﬂiqmelaﬁ%ddhgfaldmg the
reall se

.. _the i t
my be. aPLiERG-E SlnEdee Serhar ) ol an SR T e Rl '
tsuppl y S\staegemdriido ﬂmrnew:ew_suprply gystean camigemedd atdhe wm? (daamrnﬁ]ﬂ'nstsmzﬁse
0 conneg O 3 [ nts, so a
tugﬁg E%sq% dﬂ SLAGy bt DG g& rg% é&h’&égﬂ tﬁ’eefggg !

lines are inseries ccordingly, in a first
switching state, the star point connection is realised and, in a

second s \P‘ihte%gr%m? B&h%ch&nﬁﬁ#@é FeBRQRNSY %‘Qm{ch 3¢ By 8h SrraidnRnk Sfjsvh&hSéiC h

ot her. he correspon 9 I nes consecut1 ve segnments (wh
are oper &tag irdgriach betweep consasyive seamenisel thegeanduaierarmagemeals if theot her

a star pQbhdecft R ieAtt A& nbf&e?ﬁé&f&t@@f&ﬁb‘@&hd%@&ﬂ%&ﬁéﬂué@ the
segnents is not the only passibil %% An al ternative

comnect | ERBEIIge LS. gforbh Aner ek, anisp Alive SRATBHISS = et NSRRIt | on
fashi on to_ﬁnﬁéi;ﬁ?rp@t]fllﬁé ingeHaek Ys m;ﬁdeenﬁodv@wwahe cbﬂiue&umy;egmuﬁe afe aismated
interruptign of the rticul a
conseeut 1 Teagrdte: He s har 2hrngrfo L ik Hieof nndS BTG rapipig < e
parti cul awitsegnarangeraent drswiieheswndydiecapenoe mayrberartangegiovemnneat ipe v
systemt [ e f i
cont rast SepREnGHciiE 8RS0 U KibpfisybBh, FATSH Lich ot Sibhoiine: By
i nt er r uptswiiehesaesayerte oeotesnt mlw@onmng linesdhé sensepttiversegmentaesaathatac hed
fi gures. these lines are connected in series to each other. Accordingly, in a first switching state,

the star point connection is realised and, in a second switching state, the corresponding

lines are connected to each cther.



Preferably, segnents are operated (i.e. the lines of the segnents
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can be switched on and off to
reseeding devices at different locatrons In this case, it is preferred that segments are

switched off only when the last receiving device has left the section of the path which
comresponds to the segment.

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

the occupation of the respective section of the track by a vehicle by detecting a voltage



According to a preferred enbodi nent of the invention, at |east one of
the lines in at |east one of the segnents (preferably all lines in
all of theweegmmosy may be arranged in such a manner tHAVER2b®/0bioRE
produces - at each point in tinme while_the alternating electric
current is flowng through the line - 4 row of successive magneti c
pol es of an electromagnetic field, wherein the successive magnetic
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gpi nt in Rdr@Ramplethe #}d@ﬂﬂﬁ&ﬁ&ﬁbg&%@ﬂﬁﬁb@d%ﬁﬂbﬁ@ indrsubrha ndnA¥E khat at
lrectio ere the r eatin nce CcCor on to uence
ot tre oneastBiE 6P edTiOSR dobeted Sl 577 TFire B ek igy e T e
current, rhialviunglehbid gbbashisleldn the trildk ia twiecss long ealtrreylen\g;h pﬁmdgmeat
foll ovved i a
sect on dREIGRAE A SRRt PP B8 Sind kT e Srmslling focpPlng Al 87

r epeat ed rsmi\émgaﬂe\men@ﬁ thervehicke fdi reeeiving thedfansfeged eaedgy mayde lo¢atetchle the

travel  dicigisaRiondP o RXARsn Wiohndits ARRGK REfbARL 11 b BHSAARAS

to the attac ur es ntron
which is -%w@ntﬁﬁé%lswmeéont%cfa@relfélh@vgﬁé by iarvghislesm tbe rack. £in theether

poi Nt i N HahABRdBId tﬁalﬁﬁ v@h:&l@ﬁé‘@ﬁt&ﬁ}ﬁh b @sdidr dbovd "arp%mcula$ likd @@H&t can

through the line - successl ve nmagnetic p

el ect r onei§ristected (@a m"t'wraaoriew@ thi§ ling.segmpeat w‘&'ﬂ%%aﬁéeomawe

al t er nat ivagiclagesas tHe regibaabdvethe nbxt felloWiig INB&Bgmedit a gi ven point in
time the alternating current in the line produces - in the direction
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by a sec iC
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f ol | owed the/vedinde.her regi on of the |ine where the nmagnetic 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 di recti on
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tic
track wl® ?"QF I%"eﬁﬂg qftﬂ%e %!'SUI ting el ectromagnetic field. However,
the principle of aI ternatl ng magneti c pol es produced by the sane i ne
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field, wherein the successive magnetic poles have altemating magnetic polarities. The row
of successive magnetic poles extends in the travel direction of the vehicle which is defined
by the track or by the path of travel. Alternatively, the at least one line comprises a



9 superinposed si deways of the |ine and conpensate each other. Since
It is desirable to have very small electronmagnetic field strength on
bot h si deswofotdmeosack, it is preferred that the at | exswErN®/0hivee
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travel direction extend in a horizontal plane In this context,
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sections produces a nearly hompgenous intensity of the magnetic field

in the rdGrBRlIGHRH degtprdn F'@J@'i"%)’f'?@;fe@ék?loé@er’rﬁﬁ aeefastiypernted 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 extemal 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 as a very small
intensity which decreases rapidly with increasing distance to the conductor arrangement.

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



A further enbodi ment of the systemor nethod of the present invention
guaranties that the alternating nagnetic field intensity is constant
over tinme.woaenehieye this goal, the lines of the conduatp2009/004961
arrangenent are connected to an AC (alternating current)
constant-current source which is adapt &d to feed the lines with an
alternating current, the nean value of which is constant (or nearly
constant) independentl|y of th ower which is transferred fra e
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conductorthaﬁfagn@mmsaiebawaﬂhuphm Because of the presence of one
vehicle only, any interferences of |oad distribution are avoided. In
this case, the AC current through the conductor arrangenent (which is
caused bySindecthe finldtirtensithSidevhysagfahes pathlis/yeryl erpelh @pengy canbe kreagferred to

strength. J U%L cg% at ﬁgh Pg\ﬁereénﬁcél\ﬁdi ﬁl%lt vglﬂgé ?gp C]I‘@Pthgr zs ﬁ1'a fetic field

el ectric con angenment are nt an rent 1s
not constlatﬁtlSltthaﬂtPﬁmﬁbe@é!s@“h‘élé%@ﬁﬂ*@@d above) of a constant AC
current supply. The energy source (or power source) may be (this also

applies to other enbodi nents _of the ste a conventionpal inverter
for prodfScAtingde Adagticuiady arefertad %{nwﬁe%r&rﬁ e pregd)ong jee inphe ptlpaghope

t he el ectdegmeRuTARCEIOEriAESrANBIPBMindefnen0AéRid am@&ne p&tR of frawdf or Radk.in

under gr Ousf]ecli'pentlx\gmza(f)\%gr/ Pg Q.sggt%:r)ggf Elpalﬂg %J/h(t)c?\df?(?end in the direction of travel are
followed in each case by a section which extends transversely to the travel direction which
in tum is followed again by a section which extends in the direction of travel. in case of a
plural-phase system preferably all lines of the conductor arrangement are arranged in this

manner. The line may be realized by a cable.

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

in particular, the alternating current in the at least one line of the at least one segment
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.



The at | east one |ine conprises an inductivity which is used to
transfer the electric energy to the vehicle or vehicles and further
conpri ses wol2ao@@esi nductivity which does not contri but@/tmodohesost
energy transfer to the vehicle or vehicles, wherein the | eakage
inductivity is conpensated by a capacitdy I ocated in the sane [ine so
that the resulting i npedance of the capacity and the | eakage
inductivity is zero. Such a zero inpedance has the advantage that the
reactive power of the systemis mnimzed and, therefore, the design
of the achOhysdvaatge of thepaitadingent & thatnheraltechthg cageht. wHithi floeispghesglathe
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conducto
electric conducior arrangement altematlvely 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.



track,

Fig. 2a diagram showing alternating currents through the

t hr ee- phases of the arrangenent according to Fig. 1 as functions of
time, Fig wamagnetis field [ines of a magnetic field, wiwkr20®/004961
produced by the conductor arrangenent zfcordi ng to Fig. 1, while a

receiving device of a vehicle is , loc

ed above the shown region of

t he conductor arrangenent, wherein the direction of travel of the

magnetic field distribution extends in the plane of the figure from
right to left or fromleft to right, Fig. 4another diagram show ng a
regi on of Thenat least nee line domgridesvnn wiductiyitp whigh iseebel o tramsferdmelelectdc energy
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of the vehicle on the

the capacity and the leakage inductivity is zero. Such a zero impedance has the
advantage that the reactive power of the system is minimized and, therefore, the design of

the active power components is minimized as well.

Principles and details regarding the reception of energy within the vehicle will be
described with reference to the attached figures. However, some features are described in
the following: The receiving device of the vehicle may comprise a coil of a conductor or of
conductors or it may comprise a plurality of coils. The advantage of plural coils of a plural
phase receiving device is that it is easier and means less effort to smooth the fluctuations

of the received currents or voltages.

Preferably, the at least one coil is 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 at least one coil is
positioned not more than 10 cm above the ground, preferably not more than 5 ¢cm and
most preferred 2 — 3 cm above the ground. In particular, this applies if the conductor
arrangement is located under the ground. The line or lines of the conductor arrangement
may be located not more than 2 cm below the surface of the ground, preferably not more

than 1 cm.

Preferably, the receiving device which receives the transferred energy is movable in
vertical direction so that it can be brought in a position closely above ground and it can be
lifted into a higher position when the receiving device is not used.

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

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



Fig. 6a schematic circuit diagramof the conductor arrangenent
according to Fig. 1 which is connected to an AC vol tage source via an
el ectri cal warmamgersent which is transform ng a vol t age ®iT/E¥re090i96 e
into a constant alternating current which is fed into the conductor
arrangenent, Fig. 7a circuit diagram sh ?WI ng a receiving device of a
vehicle having coils for three different phases, wherein the

recei ving device is connected to an AC/ DCconverter, Fig. 8a rail

vehi cl e W gthdinterts AYEeanidbs ﬂrés%ﬁkln@érﬂiaﬂ WMHO%%&QM%IW reference

arrangerrent extends, Fig._9a-c three consecutive points in tine of a
si tuati on P fedtaehe JQPESFT%W”&%‘S"PWaveI s on a track, wherein the
track is provided with a pl urallty of consecutive I|ne segnents of a

conduct or rrange n eqgnment s c n t.ched on
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simlar to t he artragigenent shown in Fig. 8 includlng acircuit

i agr am ofe 20Nl GlBlarSLIANETRMatR) A0\l bRRISHELA iR

conduct or rangenent conpri I ne” segmnen e SW
on and of f, and arangementaccording 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 arangement 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 armrangement according to Fig. 1
which is connecled fo 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. 8 a rail vehicle which is travelling on a track along which a conductor
amangement extends,

Fig. 9a-¢ three consecutive points in time of a situation in which a rail vehicle travels on
a track, wherein the track is provided with a plurality of consecutive fine
segments of a conductor arrangement, wherein the line segments can be
switched on and off for providing the vehicle with energy,

Fig. 10 an arrangement similar to the arrangement shown in Fig. 8 including a circuit
diagram of a conductor arrangement along the track, wherein the conductor

arrangement comprises line segments which can be switched on and off, and
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13 Fig.

1llan arrangenent simlar to the arrangenment shown in Fig. 1,

schematically illustrating a conductor arrangenent between two rails
of a rail wap,20f@o49d2 seven segnents which extend al ongear/paviv0issi

travel

of a vehicle, wherein only one of the segnents is operated and

wherein a second consecutive segnent i%svvi tched on, Fig. 13the
arrangenment shown in Fig. 12, wherein two consecutive segnents are
operated and one of the segnents is switched off, Fig. l1l4an

arr angenergig R3vi ngn hinfeReai &M t&me%ﬁaéhaﬁsﬁawm 1090@%“&% and
Fig. 15a-c a sem conductor sw tch arrangément for swtching one

phase,

for exanpl HustEfing ficprdiicio agregenieht ketvperytwodeils qf?r(é""ﬁl&tch of

Fig. 12 orFigld2  seven segments which extend along a path of travel of a vehicle, wherein only

one of the segments is operated and wherein a second consecutive segment
is switched on,

Fig. 13 the arrangement shown in Fig. 12, wherein two consecutive segments are
operated and one of the segments is switched off,

Fig. 14 an ammangement having five segments which can be switched on and off and

Fig. 15a-c a semiconductor switch arrangement for switching one phase, for example for

switching one phase in a feed line switch of Fig. 12 or 13.

Fig. 1 shows a conductor arrangement which may be located underground along a track,
for example along the rails of a railway (see the arangement shown in Fig. 11, for
example). In the latter case, the rails extend from left to right in the view of Fig. 1. The
arrangement shown in Fig. 1 may be one segment of a plurality of segments of the total
conductor arrangement extending along the path of travel.

Fig. 1 is understood to be a schematic view. The three lines 1, 2, 3 of the conductor
arrangement comprise sections which extend transversely to the direction of travel (from
left to right or right to left). Only some of the transversely extending sections of lines 1, 2,
3 are denoted by the reference numerals, namely three sections 5a, Sb and 5¢ of line 3,
some further sections of the line 3 by “5”, one section 5x of line 2 and one section 5y of
line 1. In the most preferred case, the amangement 12 shown in Fig. 1 is located
underground of the track 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 cumrent source. Optionally, the current source may be connected to
the arrangement shown in figure 1 via a feed line which extends along the path of travel of
the vehicle and which may feed other segments with the current as well. At the time which
is depicted in Fig. 1, a positive current 11 is flowing through line 3. “Pasitive™ 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 I2 through the line 2 and
SUBSTITUTE SHEET (RULE 26)
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along a track, for exanple along the rails of a railway (see the
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rails extend fromleft to right in the,view of Fig. 1. The
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116.
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.
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battery arrangenment an
beyond the boundaries of the transversely extendlng sections.

As follows from the time dependent diagram shown in Fig. 2, the currents through the
phases 1, 2, 3 of Fig. 1 are phase currents of a conventional three-phase alternating

current.
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 paossible. 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
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may be charged again fully, as soon as the tramhas left the town
centre andwpomgaeest ed to an overhead |ine. The bent |rareEr2009/0BH9G1 3
are field lines of the nagnetic field %ﬁlch i s produced by the
sections of lines 1, 2, 3 shown in Fig." 1. Fig. 3 depicts the
S|tuat|ons at f our dlfferent p0|nts in time which correspond to "0",
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coil 7, itRe RNEEIRLOF & cbi@ df BR elRRirdghgrdine of sections 7b and 7d, since
the amounts of the currents in SGC?IOI’]S 7a to 7d are al so symetric

to the border Iine. WD 2010/ 000495PCT/ EP2009/ 004961
Fig. 4 shows a similar view as the views shown in Fig. 3. However, the figure is meant to

illustrate the hypothetical situation that coils in the vehicle (which is traveliing on the track)
induce current in the conductor arrangement of the frack. In addition to Fig. 3, Fig. 4 also
shows cross sections through electric conductors 41a, 41b in the regions 7a, 7b, 7¢, 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 peint 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.
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vertically and which extends in the travel direction. The wires or
bundl es ofwaiosaooPdslines 1, 3, 2 which are | ocated i n HETER2009%0061
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| eakage iigieged totimideatie tistance B&webs thred@sorisaelitiva trafisvensely éxtdndirddsections
Fig. 6. T e[I edar ce of these undesired | eakage inductivities is
conpensat S'B? 5 |es Ckl, Ck2, Ck3 in the lines 1, 2, 3 as shown
in block 103. The eIectric ener gy whi ch is used to produce t he
el ectro ' LR & th,e hase
vol t age%&%@gﬁiﬁagfﬁ%‘b@ H'a %%?]Fr]%régs% L%%?%h%ﬁeg"%ﬁéa%ré ngt ﬁﬁ
Vi, V2, Wahisghmay betheronduciirarpngeiestd 2\mmra@gsto Fig. 1.He ordenéasshpw tgeur 3
ar e denotetéttrtayprtteméﬁeq&%mmﬁcmme ROULLEIniFRy. ORI R PR

. An I'S source 102

|nput of constant-current source

is connec1p§d1q4®1951@arﬂﬁ‘~bafcq5?|°\§§e"tﬁ "b|l%d$<'nlnt@sesq{) % ReThauinperenigpducvitiese
102 the cbtﬂtrreq;rhtaeeslﬂ 213 alédato@ecgwtefﬁtsﬂ Lpihem grdduce rtteselaétameéghst@nt

i mes. 1. Told SOyl 0 25K Ve g o 48R ok, Howeverrfhe Ines 12, B o

const ant oﬁﬂtbﬁﬁ’lbalﬁayenmcﬂtﬂﬂes teLs) UsT, as Iitficatddin bﬁmtmou #elig) 6) TRach

line 1, 2 an | ut i uct 2a, L3a the out. i de
of "the s dpetangn sl Rite we R ifnkae o Rivliss caBinspladipicaPRafA Gl 1y
Li b, L2b,Ck230Gk3 hrthé)ltrteseieﬁ 3 bheshowuin bdoell 168t put i nductivities, each
line 1, 2, 3 is connected to a conmmopn star point 61 via a capacity
ad, C, C3. Fig. 7 shows a circuit diagram of an arrangenent which
may be | dbateigtricrenargyetiiial ie uagd orproduce the/edtragnagnetidiields indikes Tie3 is

arrangengihe ﬁféﬁmy'aﬁﬁ%eaqﬁage %’Ita%@%%ﬁrc&%?' 'i“He gcf"!étﬁ dsL fgftrtlté%ﬁﬁééé ard

the el ectromagneti c romthe trac

ectric
ener gy t [fepeted pyMil. Y/ Jisbiock 1Al H@\RQ@%@H‘@'HQ%@ Badnesol,| % dérean |

ar r angenghoted by in 92,194, méQB!tédéas%@rdeas chthecd to W@&rﬁpﬁit Bf & B@ns‘fé?ithﬁrréHte
denoted by L71 2, L73 bl ock 201). In the enbodi mnent .shown,

phases | éOUfQ% 10%&%9%9%8& $ouce; 1Heds rrpnegied do ths frpaciigsdp biogk 693 ﬂ
Leakage itislolapit\of sdce {tothe saREntali €12, I3 8RVdenkRAItdd. Thest) cuplentshfe phatns

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



The out put side of the receiving device 201, 202, where the phase
currents Isla, Is2a, 1s3a are showmn in Fig. 7 is connected to an

AC/ DC (al teorratovoagiosurrent / direct current) converter EOZEP2I04961
DC-side of the converter 203 is connecied to lines 76a, 76b of an
internediate circuit. The lines 76a, 7 are connected to each other
via a snoot hing capacity C7/d as indicated by "204". The electric | oad

Whi ch TYedhrBEOH] B 41 08T A ity L 12 A_\éghLé‘eLﬁt I8 SRR EE e

resi stance e con Ines 76
of the i rﬁoelfqeemae%cfdinedu2¢3 wrmerrses 2li| pé@yblgdmw ke L2 48P HD hﬁrween

cause a VL §deay &ﬁput‘iﬁlﬁl’bﬁhﬁésugadrﬁlnﬁ hIe2V33'Uc@9r%cléa th B&ohiMd BPAIS 1
circuit for exanple. shows a track 83 (here: a railway track
havi ng tmﬂa?&?w%‘dw\ﬁﬂreﬁ 97% occupi ed by a track bound vehicle 81, such
as a regional pubI ic transport train or a tram The arrangenment shown
conpri ses nducto arrangenent .for
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the railwa | eepers Sl eepers are made of concrete
f or examﬂaéac'l* &l L3P 53 66 S{"ﬁ‘é"mlﬂ%fik%)@nstructl on for hol ding the
rails may conprise holes and/or 20 cavities, through which the line

or lines of the conductor arrangement ends Ther eb a
const r uot PRy S8 of DEde ARG P b he PIrsecigpPEeta: 25
ser pent i rig3asdragRowr meFig.r 7ie cohrsetet] to@hi AG/BCEdltertating icaentdtirédt surrent)

d id I
el d wni BRMTET Ao IBa Byeeh e vmisraf K PHnerifuRIRgy e ab 8t ot
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net wor k s . .
receiving ae&?' '%Cﬁ%fﬁ%ljgtﬁ ri ut e tnc"IEHr%CErhItc q%::p?&aégl& h‘Eenergy
exanpl e, wihid the aelycla @v‘ﬂﬂf@!ﬁdgﬂ egisianed Ri-sit (ﬂﬁ’%ﬁh*@% Mgy beggnnenteditoithe ng
propul si crnemao 78b bNRE ifEAAlatd amtaﬂguas .nE%Qt%s R e lBé’d’RﬂﬂaW@ﬁ?s’esa 88a,

88b, 88c, 88d may be connected to the distrihution network
Furt her nﬁ’PEag%ﬁI"%rMIeW“ Ydds thgeoliage ig ﬂ%'“%“%a‘élcgﬁ'{“rfeb?f@m%l ener gy
storage or an arrangenent of capamtors such as super caps, may al so
be conne othed rlbutlo Therefore, the e
ot or age. 45 Rayonh Adrgk BN 3 RN a8 By BT iEhS oeEuted vy
devi ce, itrackbsdridowthizie 8 sucipassd egadonaf pabiie traedpocatit@indsk adtrant.he t r ack.
When the vehicle 81 is noving on the track, a part of the propul sion
energy which is needed to nove the vehicle 81 may be w thdrawn from
t he ener ghesimangereer8 2hawl cermprises apatestric copdudier agegeyentdri prdduicing an
recelved I ion,
égéétrbPﬁg’ie@?%ﬁémgre%g‘ﬂﬁﬁ&e% eﬁQ it @E%hgg otgﬂﬁ‘ GPYhs!

S1 0N ner ustrate the
concept @pn@mqmaanmmelﬁﬁaamsjmﬁchqmatl mﬁorgmqalgémwglcmmch can

be swi tcfmngéhém% &te o%g.gheass QHE»Vnﬁ 1107Re cdﬁauahrmgamehpm&nen

produce an e ctrona netic¢ fiel in order to transfer ener gy to
vehi cl e dhis ganfies Icegthafrﬁmempa@knotmly tefherprrawlegthorndn Fig. Spay Be

segment s IJcJatedTLRweFa?eounliﬂor abSvetbGRY . 3 SarBéUANY R daBe af raMNayRIhavingaRs Fdike
segnent s al an—. the t l(
on whi 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



A vehicle 92, such as a tram is traveling on the track. Under fl oor
of the vehicle 92 two receiving devices 95a, 95b for receiving

el ect romagwetzom/do@Ed produced by the segnents are provicizeP200bwe4961
recei ving devices 95a, 95b may be redundant devices, wherein just one
of the devices is necessary for operathbfg the vehicle. This increases
operation reliability. However, the devices 95a, 95b may al so be

non-r edundant devi ces whi ch may produce energy at the sanme tinme for

Fper ?tl ng da?ia?yhmi%@rﬁm&ﬂprﬁe%méor links BBte B@fﬂﬁﬁt@;rhﬁ?ﬂd&h‘én%dstﬁ@rel t@t, g
east one e dev S n [ ctric,ene nst ea
of Tt ol GiINEY SEIGEn PR Be Sy lo TS Toeh S eRi e B iting SRepe.
devi ces. The foll ow ng description relates to all these cases and, in
addi ti on, t the vehl ust__one recei e.
aoBsT TUre e eReeg R ehiRler JHeiEl ot F uifiube R oo RO EL Kk R ek
Fig. 9, tHeesletlioniagnets: fistsdviigh is pardupérbby mﬁtconwctdnerram@manhe%'@e 9a,
the VeNi cloedingeihtB!a8Ss &106riddiP C4nrBRY %o & GBI el handdePal nhiing

occupies t track above e e receiving devlces
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devices 95 or the recelvin evi ces

above el e/t stops of the ‘@h@#%komthe Weeh- Vihendlg VQ!PFdeSbﬁ %IW%@@ e
vehicle f tpbh ¥f A6 @w@ue&nteh@rgywioarb A& tcS meveiheVBRtle B4 maWeS«mﬁ'H?évﬁ‘)
when t he rhgnt 14 LS Swi éc(g tRnls V\‘gEr hﬁ weverhln
the neanti QIR S99 ¢ apdat] %\ﬁﬂ“é ?“9@5‘8 ich ¢ repglved bythe
arr angerrer&cewfmgdewcs meay cbhtebute o the prcmurswngmrmWSJesiad\MtherprchLgslorB I n
fact, it )pe a different view of the same arrangenent as shown in

Fig. 9. Howeg Fig. 10 shows additional parts of the arrangenent.
Each of the successive segnents 103a, 103b, 103c of the conductor

arr angenepiy §QF .uagmg mertﬂnaébt e# aeeaﬁdaeeg&egdgsmghﬂ 19 doﬁlpﬁgng?@ia,sﬁs Whigh &

separate SW tch for swtch I ng on and el enent

103, to a%‘?%w'wee%fs anq ﬂf’f fm@ab%{%sw%s PhicBErsricBed,PR BIcAHE 3y
current sygtiiagnbec fied il ordee tciﬁ&sra)enégm the GreMicle ®F veHicl6o6H Be thek.

each phas The far d.o %Ee mal %t e right hand side
of CFi b 36 SRR of S5 ot 3eBBRR TuTA Yo Fird Wt 2rf BirapStgin Birpw
three-phaebsmmﬁnwehegm@mmsbn@ﬁenmmkof the mai nline 108, it is
connected to an energy source 101, such as the arrangenent according
to blocks 101, 102 as shown in Fi gn 6. Each of Fig. 12 and 13 shows a
conduct or A¥ehigla §anteh ap atrany issteavelingseythe fraek- Wedertfloonef thevehigle BAtw on
and of f spRalRabYices/ skl %MOE.%@QV.E?gwbeo.ﬁsgp%cﬁéa@pmdhée‘a@\ﬁe S¥Arhéd N9
states of the conductor arranﬂ

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 reliability.

' However, the devices 95a, 95b may also be non-redundant devices which may produce

energy at the same time for operating the vehicle. However, it may happen in this case,

that at least one of the devices 95 may not produce electric energy. Instead of two

receiving devices, the vehicle may comprise more receiving devices.

The following description relates to all these cases and, in addition, to the case that the
vehicle has just one receiving device.
SUBSTITUTE SHEET (RULE 26)



The arrangenents shown in Fig. 12 and 13 are exanples and are
intended to illustrate a preferred enbodi nent of the invention.
However, twe muwioensof segnents, which are part of the rontRe®™®N4961
arrangenment can be varied in practice. In particular, there m ght be
nmore SUBSTI TUTE SHEET (RULE 2 6) WO 2%0/ 000495PCT/ EP2009/ 004961 22
segnents than seven, in particular if e length of the segnents in
the direction of travel of the vehicle (not shown in Fig. 12 and 13)
is shorter than the length of the vehicle. In Fig. 12 and 13 the
segnents are schemati cal Ily shown and are denoted by reference signs
Ti -17. THsceeihgigbaexawrienshgin iR Fg- §. the vehigls isjeoviag fromp theIpfto the

i’ir rang fﬁewhﬁhwgé{th&b@w&@z @éc}uﬁﬁﬁ tﬂmra{@a@bb\:é}élaﬁenté fre, szﬂtﬁégtm

ines for carryi e phases o e rnati.ng gurre e. .

o anged RS B P aRrs SemeRisdyendiid; T giminto S8V an ot e Bryving.
whi ch nmay dedicd lre lddakadsdiways aboveélemests Which ase fuliy otcupisl dy chewvahivte. Thigris
poi nt sw tch of | ] o T [ ILn
Fo 12 anh po empetanS GUERRE nidedlhbpEiaying oyRet BAFREQLRATHPYED,
t he consedcabhitleén bngthwisé disedlion istgredtar thari the lgngtheciclach segmenkokthe condusier
two conse ' nts T1 - 17, there is a three-phase switch SP2 -
SP7. Thes%ﬂétmgéﬁ%%ggf%Pz - SP7 connect the three phases of the feed
line 135 with the interface between the two consecutive segnents,

provi ded thek sitdiios of FighoaSthe elenMls T3, 13 £6 edlitchell oh3Ad aivbthehelSénts T$P7

I's not clqgse l.e. 1S . the respective | rface i | ectricall
i nsul at edﬁgﬂq ?f?ts“?tﬂgdfogfgﬁ'%ﬁ"rﬁér wh?re l??e"%*‘@@p%ﬁ”ﬁ*%@ﬁ‘?%ﬁ?i@&? a%‘ﬂ’gr e Y
i s a el ectelenmentsoFN &8 thd nedrytiwiyactgies the tradsghand elegnent Te £lendent M2 has
consecut i I ] | f .

carryi ng LRLSATREY of befaust e RENhGBeyibdis @ IndiBbiRE Sl habhas, |
i n_addi ti eligady lefrthe eeginneahove glement THand glenest Tewiidesmileheshgniastsogmas -
SP7.  HoveyiRrvenhReGalyHcBEpitLtha é i@ hetdiRIREHL TRM8s state, when the element

T4 is switched on is shown in Fig. 9c. However, in the meantime element T3 has been

switched off.

Fig. 10 shows an arrangement which is similar to the arrangements shown in Fig. 9. In
fact, it may be a different view of the same arrangement as shown in Fig. 9. However, Fig.
10 shows additional parts of the ammangement. Each of the successive segments 103a,
103b, 103c¢ of the conductor arrangement for producing an electromagnetic field is
connected via a separate switch 102a, 102b, 102¢ for switching on and off the element
103, to a mainline 108. In the case of a three-phase altemating current system, the
mainline 108 may comprise wires or cables for each phase. The far end of the mainline
108 (at the right hand side of Fig. 10, but not shown) may comprise a common star point
of all three-phases. On the opposite site of the mainline 108, itis connected to an energy

source 101, such as the armangement according to blocks 101, 102 as shown in Fig. 6.

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

states of the conductor arrangement.

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

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



further switches for disconnecting the |ines of at |east one of the
consecutive segnents fromthe interface can be used. Furthernore,
each i nt erWwaceiodmetseen two consecutive segnents Ti - 17P0BERI®®0O4961
connected to a switch SE2 - SE7. In the open state of the switch SE2
- SE7, there is no connection between éte three phases U, V, Wat the
I nterface. However, in the closed state of the switch SE2 - SE7, the
three phases U, V, Ware shorted, i.e. a star point connection is

real i zed. 8¢ i : [ ' ; '
[ 20, St ki ) Bl TRE on ol e e WIS A gl oF
SE8 are opbvehige tﬂ%sftomet* Figa? ang 1@.l§$h°ﬂsr, tharhttge lenagh offhie Mehidevi t ch
SE3 is closed and all other star poi nt switches SE1, SE2 and SE4 -

SE8 BST E SHEET E 26

3010, 000495 BT TEBH RS GRTBE S la SeheRaABI S ASRE 26 eToted byelsrencs

and 13, th;tgne mr—e?aTmrFae\gdmbntaehmnmaﬁg Q@ msyvbépbueef tSE’anangbnﬁiﬂlsiadwn

t he begin of the,s

r egpeC?I Vgl:l ﬁjr tﬁ’greré; mc:b? rq_ple conduré'toslfneﬁ(l;loﬁ carr¥m% the ﬁ%es (gég—:‘ ﬁzg‘lagﬁ

for reali mnwtm%ftbﬂarpogm lndbmwexcdesenbettattohe, f@eegtammlm shbwp dyhignt, 17

and at th h‘%‘d?]qnélf be?tﬁg E&atu hof £ i %BbMSJuty h ﬁ tr‘ibo Pﬁduﬁ@wﬂé él?‘éf the
e e

arrangenent shown 'S as exa
Starting \ﬁﬁﬂﬁe@fhfeo@ﬂt?@rat i on [ I I ustrated in the upper haI f of Fi g. 12,
only segnent T2 is operated. For exanple, a vehicle m ght occupy t he

f . th h f h
The. r acer VIRGTAMATRST SIS Fik f BN 1B FOTRES AP AGY (HE0/Rn S S he
vehi cl e naiovreabovettifeccansedution liraf of segments T12T7IAttepa!n interfakba betwaeq et
T2 may. be rqsre%nt %%e&r%r?t@’ﬁheht trhgl%lﬁsg hrgc-f‘o pﬁlazsle sw?lhh EIDE %B‘; 'I'he%e switches

recei ving eV|ce be abbvé ‘seg
SP2 - SP7 connect the three phases of the feed line 135 with the interface between the

two consecutive segments, provided that the switch SP2 - SP7 is closed. If the switch SP2
- SP7 is not closed, i.e. is open, the respective interface is electrically insulated against

the feed line.

At the respective interface, there is a electric connection between the corresponding lines
of the consecutive segment (i.e. between the lines of both segments for carrying phase U,
for carrying phase V and for camrying phase W) and, in addition, a three-phase connection
to the respective switch SP2 - SP7. However, according to alternative embodiments,
further switches for disconnecting the lines of at least one of the consecutive segments
from the interface can be used.

Furthermore, each interface between two consecutive segments T1 - T7 is also connected
. to a switch SE2 - SE7. In the open state of the switch SE2 - SE7, there is no connection

between the three phases U, V, W at the interface. However, in the closed state of the

switch SE2 - SE7, the three phases U, V, W are shorted, i.e. a star point connection is

realized.

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

open.
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In order to realize the operation of segnent T2 as the only segnent
which is switched on, feed line switch SP3 is closed and star point
swi t ch SE2wiosonloeesl. Al other feed |ine swtches SP arci/atboomblyer
star point switches SE are open. Conse?%ently, the front end of
segnent T2 ("front end"” is understood be |l ocated on the right hand
side of Fig. 12 and 13) is connect ed to the feed line 135. Because

the back {%Wﬁéer%%&@gaﬁs%ﬁﬁ r“flg d %mgre-ra%soa{egq.ﬁp Egn%gctgysﬁlkc%g!? ﬂ

star pol n swic |ne§|ns are carr
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with el 221% ?ﬁdlgﬂer gy. e@ﬂ %Ff%bg%@rsgﬁgg&g\?ﬁ%ﬂ ?gnfgz?eoa}ﬁ%ngér?%r{
T3 are al RAntegnmrsserat tbebegfemﬂ@e&qgmeet T88nd/atthe gediof segmesiit.ch SP3,
the |ineseglect@gyent T3 are not carrying an alternating current,

since the front ends of the lines of segnent T3 are neither connect ed
to a common star point nor connected to the feed Iine. The vehicle is

t][a\léel | i nphef dperatioh of {héfatrrahgé'lﬂelﬁlsﬁ&v@fn b gtzéa taq? balg:u?tghérégeaﬁl@ dleI
0 | S uen celvin e (0] e ve e W
Ot or i neSterins wi B Shnlin il E Ine et Falt I Aoty St S8 & by
before t E:ﬂ)erai@tﬁl%r Q}ﬁarﬂtﬁulmh&fﬁ maigght gcoer:y GeSesigof tte daih of travel eRighent
is switc t 0 I e .as .
Cogmant © Stends g sHahabiratd und fecdRio Helife 8 1t D838 BE i Feifle pyces
ar e oper affde \@whidehmay berin the sectiohof eeglmntﬂ'a Is\pﬁﬂmhlaorsegmgmtél'mmaﬁbe
first th @/\” P. %ﬁﬁ S
connecti (;eaniaﬂggd h%&g(t)rreSCQ%lflgrﬁl\} I nes Seg me ﬁ%g%g{aq eSa%Bbe?
connect ecegmenhi2. WO 2010/ 000495PCT/ EP2009/ 004961 24 feed I|ne 135

via feed line switch SP4 and, at the other side of the series

connection, it is still connected to a conmon star point via star
poi nt swilP @WESE’Z'BE'WéF%PB?r@t'onepftsﬁg@@Utp-'}?a%sethapf‘lé SRSMeMgvhialy is &witched on,

f:arrl ed ttfaed ig% slwuttalespefis aesymﬁf %té'?%o&ﬁdthtﬁ}hSEZtTls%lofs@diUQthﬂti@ fsdime feed
i ne sw ac e consecytiyve, se s
oS5 sWlainr end A o SR VIS S AP bt Gereanty i roiSha o,
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ot 0 1.3, .oper.at ed at
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i s | ocat egnefateddn peer (parpide thevehiclpwth glectigeneiay. Hithorgbithe bagkeands Of

the lines of segment T3 are also connected to the feed line 135 via feed line switch SP3,
the lines of segment T3 are not carrying an alternating current, since the front ends of the
lines of segment T3 are neither connected to a common star point nor connected to the
feed line.

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

In order to switch on segment T3, first the feed line switch SP4 is closed. As a result, the
series connection of the corresponding lines of segment T2 and T3 is connected to the



The description above may not only apply to a three phase system
Rat her, any conductor arrangenent having consecutive segnents, the
| i nes of wwiockhig@mobe connected in series to each ot hereCRERZII&04961
operated by first closing the feed ling, switch and then opening the
other feed line switch at the interface as descri bed above. For
exanpl e, the other conductor arrangenent may have only two phases

(and t her @Lohi £ a 1o ghé Bfiferl SPLAD P RATR biaglor RSBk @rbBIRCit s

phases W t a correspon I ng nu Ines 1 n each _segnment Such an

al t er nat | #¥ ceonpsiadiie @ cammaigdarneint yisystan point E\yltféb%&?aﬂéereme-tm@%@h?é.e

descri bedyRelatng bl RQeAddBY e lifleddrleghents TR aREGEr to switch of f
segnent T2, when segments T2 and T3 are operated at the sanme tinme,

star point switch SE3 is closed first. As a result, the phases at the
i nt er f aceinkabiRay 4o, fééd‘lmCsWithSPs%gﬂ‘léﬂhtérfa'c% beTdserithie &lb &rikePEat ed

at the sane ti e s or erefore rrent through the
cegont  TROEEBBY % 1 SETers PEN MBS El of 8o poi nt swi teh SED
can be opened The descrl ptl on |n connection with Fig. 12 and 13 is
just an ctor arrangenent
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enmbodi nrent whi ch Wwas descri bed above, there is a connection at the
front ends@Pa'ﬁﬁé’hﬂ%&?éﬁ%'qmﬁHﬂ"q"ﬁgéﬁérﬂea?%@loﬂfa"éi the front end of the
consecutive segnents which are operated at a tine. The 'front end"
nmeans th e of the segment nts whij i |l ocated in th

T v g CTRERrRion Ao I TOLTt el SDPHAP BB PhESheYSIaHT BeLrer i U systeT
froml ef tartaagasmghmavmg b&ﬁseeum_rslegmgntsemellmed:mfguhmb&aamé chBnedtéd infseries
vehicle V{Qlél g}&lr\ér\/ beS@Fergd bg%hécfg%oé lﬂ‘ne fl—:gé fin \Aﬁtgﬁﬁnb ﬂ%ns hlﬁg th%P2

and star porn ¥ & er sw
woul d be ofipzfeadHiea swégmwthsm’reﬁfaanas‘desmbed aptmeaFerdaxarrmlet kiesotherse, t he

front i .
11 e v oot iRy TROb bROSMo phisds o BORIE Ul 488 el baaH
segnent @eg@eg&ehmgre\/thﬁrtwre%pfmses vitle p£pEgspoTHiag apmper offines wtegeh poi nt
switch, waigmbnt Suél &palfén?a‘ii@g cor'lcﬁxc{d?%ﬁ%ﬁ'éen%nt g aR8®e PRt intth€manner

segnent or segnents which is/are operate It Should been noted that
nor e tharﬂeé?@e\?é’ﬁpﬁ'@"?rwcf'%\‘/@ @nTdhe path of travel at the same
tinme. For exanple, in order to pI’OVI de a further vehicle with energy,
segnents T6 and T7 be 0 d at th e ne as s T2 in
Cha o1t udt PSR IR P SPRBST B RearbaET 4 onct 55 AR Sheaiedat G saie oy
poi nt  switineh stSEﬁmﬁlmdwtbles&3lns tleseaMirstc As SR&utpihb ghieesattiechiedacnbetwben
vehi cl es tﬁ\og(;n%egd’tllve/ geérﬂent@% %hlcﬁw Py Bbgrgted at the same time, are shorted and,
therefore, the current through the segment T2 stops flowing. In a following step, star point

switch SE2 can be opened.

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

consecutive segments.



Fig. 14 shows an arrangenment with five consecutive segnents of a
conductor arrangenent. Segnents Ti and T5 are |ocated at the opposite
ends of thwocondwetsr arrangenent. Segnents T2, T3, T4 EIEERGDRINGS
having a length smaller than the | ength of a vehicle which nay travel
on the corresponding path of travel. ATeed Iine 145 is connected to
a power supply 147 (such as the constant alternating current source
shown in ) ] : 2
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extending in parallel to the fe line. At each interface between
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there are S E SE4 at each interface between
consecuti lPiﬁ %eh'l fm%u?fﬁ%‘t’?rﬁ?i ft. also simlarly to Fig. 12 and 13
there is a feed line switch SEP1 - SP4 at each interface. I n order
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their Ieakage inductivities. Al switches SP1 - SP4, SE1 - SE4 and
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or event ehd AARRAE 5 LEABeL Uk e VS SORGBREcichl, TS
above, it is preferred that al I consecutive segnents V\/ni ch are

operated gf 1T4Qﬁoﬁégﬁaﬁbﬁﬁ‘en?én@wﬁl‘?ﬂ\'ﬂ¥&5rﬁgcdtﬂe%@érhé‘ﬁts bfa %lfdﬁct%? her and
not in parallel to_each other. The arrangepent shown in Fig. 14 is an

embodi mermegenept. PRaErets EHand I3 piHogdted ﬁteth? ARRA§HtE sRds q'fat%ﬁgndﬁg hg
star poi rdrapgénent Ség’iﬁerﬂé T2, rrmtaegé tmmmeﬁ@nseﬁuemm the length

segnents. _The end nent s Ti at t r| ght hand si de
segment T 2YRACEW ﬁT‘ﬁ‘é’"?‘é vql,grh@esqoggsqﬂn “are al so star
poi nt connected, i.e. the three |lines of segrrents Ti and T5 are

shorted th Conse nt | in ord to.,avoid si ons,. wher e
segrent s peis R B Roet by FA7 (0aHbe Bl ©
paral | el ctucreleztaachrcetshewn irehig tﬁjhﬁm 8 lireen th Soe3%erais @lopg segnieats JRAT A&,
open if Wﬁ&%ﬂf%'segments T1 and T5. In practice, segments T1 and T5 may also be shorter
than the length of a vehicle which is to be supplied with energy. Furthermore, there may

be more segments extending in parallel to the feed line.

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

consecutive segments, if the switch is open.



Fig. 15a shows an arrangenent of switches Z1, Z2 for switching a
singl e phase. The switches Z1, Z2 are sem conductor sw tches,

pr ef er abl ywlo@iwoo¢donsul at ed Gate Bi pol ar Transi stors), BUIVERFa/0€61

al so other sem conductors switches, such as GIGs (Gate Turn-Of
Transi stors). The control el ectrodes 15% 152 of the switches Z1, Z2
are connected to a control device 153. "The control of the swtches
may be perfornmed in any manner known in the art. Further elements and
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feed line is shielded so that electromagnstic fields produced by the phases of the feed line
are prevented from penetrating into the environment, or, are significantly reduced

regarding their field intensity.

As mentioned above, it is preferred that all consecutive segments which are operated at
the same time are connected in series to each other and not in parallel to each other. The
arrangement shown in Fig. 14 is an embodiment of the preferred version of the invention,
namely using star paint connections at the interfaces between consecutive segments. The
ends of segments T1 and T5 (at the right hand side of segment T1 and at the left hand
side of segment T5) are also star point connected, i.e. the three lines of segments T1 and
T5 are shorted at the end. Consequently, in order to avoid situations where segments
which are operated at the same time are electrically parallel to each other, switches SC1
and SC5 are provided and are open if necessary.

Fig. 15a shows an arrangement of switches Z1, Z2 for switching a single phase. The
switches 21, Z2 are semiconductor switches, preferably IGBTs {Insulated Gate Bipolar
Transistors), but may be also other semiconductors switches, such as GTOs (Gate Turn-

Off Transistors).

The control electrodes 151, 152 of the switches Z1, Z2 are connected to a control device
153. The control of the switches may be performed in any manner known in the art.
Further elements and connections for performing the control are not shown in Fig. 15a-c.

SUBSTITUTE SHEET (RULE 26)



28 Clains 1. Systemfor transferring electric energy to a vehicle
(81; 92), in particular to a track bound vehicle such as a light rail
vehi cl e, wiwerzeiomoe49The system conpri ses an el ectric cONKTIZEREN09/004961
arrangenent (12) for producing an alternating el ectromagnetic.field
and for thereby transferring the energy,to the vehicle (81, 92), -
the electric conductor arrangenent (12) conprises at |least two |ines
(1, 2, 3), wherein each line (1, 2, 3) is adapted to carry a

di f ferent wp . 9hp amwmfdr@?e:ﬂlobemag staﬁse# ﬁ@fsfvltéh Mn"gémbnt drbe

conduct or ran rises a ur i
e O BRI TRER. 185 Brace e curRnt & Rowin 55 4% DR JresRRsdEn A1 o he
di f f er ent csam:tdn@nnp@ﬁt tﬂae)en@éeh softcﬁafsaanem ahd, tfrhm these, thrcughdieciecswlraling

(11, 12, Tsfqdldbﬁv%mﬁ fsjg'%a%l %%Mgcfhztzhe at least two lines and

each segnen thed on and off separately
of the other segnents, the conductor arrangenent is arranged in such

a hanner
cporatod LREk 4 Skl e CRREEA, A AGBIEL o oy gl Svougp
the sane phraEngementof aritehesdhrongh mwm Z22themie tb%meettqn\i@"% &4 ?'@5115

are conneg&ahiolgh Ml fRe-wheefRfdlod D Whzh BdonfRécted indaralere BaReEzd. of

swtches (SP, SE) is located at an Interface between two consecutive
segnents (T1, T2,13, T4, T5) of the conductor arrangenent and wherein
t he swi tchn odet tlaeeaizé arswrnsamt S\Gtchi’(wdl'l@\b%&utéﬁa SESE) SES indpig.ritaad 13N only
such a manner th d t‘?s ?%Is é £ %0 é:q;n§ecut|v eﬁ [I] s (T2,

T3) is opé’P%P%’B"S’t" HORE S {‘?“r‘r‘ﬁe [%8 ot ahBsS 4 PR e 2) whi ch
| s oper at @dapgemandsimyat iodfig. d5.he owep halbofdne wmement ¢ao be qnum i.alipgrey
system ar&.doﬁlslhévﬁltch'ﬂ a@iﬂttlna %§E&Hﬁdg‘ﬁee§ﬁ%ﬁ&} (ﬁoéeTB*! fo-F%llc}?ﬁt‘?asQ pﬁ*feﬁhleeg

at the sane
phases are connected to each other at the connection point 154. Other configurations of

switches, such as traditional mechanic swilches, are also possible.
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the corresponding lines of the consecutive segnents (T2, 13) are
connected in series to each other. 2. The system of the preceding
claim wherein the-segnents (T1, T2, T3, 14,15) are shorter than the
|l ength of a vehicle (81; 92) in the travel direction and wherein the
systemis adapted to operate segnents (T1, 12, T3, 14, 15) only if a
vehicle (81; 92) is occupying a re@%ective section of the path of
travel where the segnent (T1, T2,13, 14, 15) is located. 29 S. The
system of the preceding claim wherein the systemis adapted to
switch on thgggganents (Ti, T2, T3, T4, T5) only If a vehicle (81,
92) Is fully occupying a respective section of the path of travel. 4.
A nethod for transferring electric energy to a vehicle (81; 92), In
particular to a track bound vehicle such as a light rail vehicle,

wherein an ele Le field | I e n electric conductor
ar r angenent %1 £ﬁgpgﬁg%méfgﬁﬁe&ﬁg%¥$%@%ﬂ€%g%E%V%FPgﬁgﬁgﬁring t he
el ectric energ TW“%%@“W@ﬁ?@NEmﬁﬁTP”QETT the el ectromagnetic field is
produced by condudhssitieragomprisgssn elgetricconduotoprivangemef (121 fer prddueitonat i ng
current In a firstanbieneting &crofiaghdiefictleeirbritieebyamtbi bl @& endlgy angenment
(12) and by conduas héd@nias sh;egst a second phase of the
- the electric conductor arrangement (12) comprises at least two lines (1, 2,
3), wherein each line (1, 2, 3} is adapted to carry a different one of phases
of an alternating electrlc current,
- the conduclor arrangament comprises a plurality of segments (T1, T2, T3,
T4, T5), whereln each segment (T1, T2, T3, T4, T5) extends along a
different sectlon of the path of travel of the vehicle, each segment (T4, T2,
T3, T4, TE) comprises sections of the at least twa lines and each segment
(T1, T2, T3, T4, T5) canh be switched on and off separately of the other
segments,
- the conductor arrangement is arranged in such a manner that at least two
consecutive segments (T2, T3) can be operated at a time, wherein
corresponding lines (1, 2, 3} for camrying the same phase of the alterhating
current In the consecutive sections are connected In series to each aother
-~ aswitch or an arrangement of swilches (SP, SE) ks located at an Interface
betwesn two consecutive segments (T1, T2, T3, T4, T5) of the conductor
arrangement and
- wherein the switch er the arrangement or swilches (8P, SE) s operated in
such a manner that, if only one of the two consecutive segments (T2, T3) is
operated at the same time, the lines of the segment (T2) which Is opersted
are connected fo & common star point or fo a power supply system, and
t that, if both consecutive segments (T2, T3) are operated at the same time,
the corresponding lines of the consecutive segments (T2, T3) are
connected in series to each other.

2, The system of the preceding claim, wherein the segments (T1, T2, T3, T4, T5) are
shorler than the lenath of a vehlcle (81; 22} in the travel direction and wherein the
system is adapled lo operate segments (71, T2, T3, T4, T5) only if a vehicle (81;
82) is occupying a respective section of the path of fravel where the segment (T4,
T2, T3, T4, T5) is located,



alternating current in a second line (2) of the electric conductor
arrangenment (12) the electric conductor arrangenent (12), segnents
(11, T2, T3, T4, T5) of the conductor arrangenent are switched on and
of f separately of other segnents (T1, 12, T3, T4, T5) in order to
generate the el ectromagnetic field, n a restricted region of the path
of travel of the vehicle, wherein ggch segnent (T1, T2, T3, T4, T5)
extends along a different section of the path of travel of the

vehi cl e and wherein each segnent (T1, T2, T3, T4, T5) conprises
sections of the at least two lines, at |east two consecutive segnents
(T, T2, T3, 3Tahe s¥gm dthe preqedingaiaiciwigsteinttie@ysemimsdbpicd®, svitdh e 8 N

corr espondi ng kdgh&ifs (il 2,33, T3)T5)foﬁlfif&@ﬁiélé/hﬂgzﬂshﬁy&@{ﬁ?-n grkhase of the

al ternating CuFeE;EEﬁveée&mE%eg ﬁ@%{[l ve sections T2, T3, T4, T5)
are connected In series to other, if only one of the t wo

consecutive segnents is operated at a tine, the lines (1, 2, 3) of

t he segment ‘CTgmeﬂT"ff°’W3feWe'eq*?}3e“WW%hV9|’@e@bé%)d’t@ﬂ'c%f@aconnect ed to a
conmon st ar pofragk bognd veficlesugheneibisaipglce, wpsihem and wherein, lithe two
consecuti ve segnendnlegtfofaddEtR iad Sslodied bjd esarmortdhdmanahdame:ﬁor respondi ng

lines (1, 2, 3) Of(ﬁ)ﬂé‘atéﬁQB%%&\ﬂ%mﬁﬁﬁﬂﬁéﬂnﬁthé J&w.clr%rgyt%,e T4, T5) are

connected in seriegg h ot her. 5. The net hod C|te precedl ng

claim vvherelnthei’ rgo 5 egments (Ti 13, T4,T5) al ong
the path of travel™ 3%8 §'ﬁ%‘ﬁ°3?" 3‘% Bgﬁé‘”i’%'ﬁtg? ﬂ,'eﬁsi* E{S‘@'é?ﬁ? ¥ e (81; 92)
in the travel dir&@eieanRting dee'\’ﬁﬁé‘lﬁﬁi Ipe Gffreselic gopdctorT2 - T3, T4, T5) are
switched on 30 or#gngprieni{13) ergiibe foadugiipd at 1699 h sacgndabhaseethy occupyi ng t he
respective sect i onritafatinghareptat dveahd e @ydine aduhio eomtdaioc h segnent (T1, T2,
T3, T4, T5) exten@gangement{12) the electric conductor arangement (12),
- segments [T1, T2, T3, T4, T5) of the conductor arrangement are swilched
on and olf separately of other segments (T1, T2, T3, T4, T5}in order to
generate the electromagnetic field in a restricted region of the path of trave!
of the vehicle, wherein each segmeni (T1, T2, T3, T4, T5) extends along a
different section of ihe path of fravel of the vehicle and wherein each
segment (T1, T2, T3, T4, T5) comprises sections of the.at [east two lines,
- atleasttwo conseculive segments (T1, T2, T3, T4, T5) are operated at the

same {ime, wherein corresponding lines (1, 2, 3) for carrying the same
phase of the alternaling currentin the consecutive seciions (T1, T2, T3, T4,
T5) are connected in seres fo each other,

- if only one of the two consecutive segments is operated at a time, the lines
(1, 2, 3) of the segment (T1, T2, T3, T4, T5} which is operated are
connected to a common star point or fo a power supply system, and
wherein, if the two consecutive segments are operated at the same time,
lhe corresponding lines (1, 2, 3} of the consecuiive segments (T4, T2, T3,
T4, T5) are connected in series ta each other.

5. The methed of the preceding claim, whereln the lengths of the segments (T1, T2,
T3, T4, T5) along the path of travel are shorter than the length of a vehicle (81; 92)
in the travel direction and wherein segments (T4, T2, T3, T4, T5) are switched on



6. The nmethod of the preceding claim wherein the segnents (T1, T2,
T3, T-4, T5) are switched on only if a vehicle (81; 92) Is fully
occupyi ng the respective section of the path of travel. 7. The nethod
of one of the two preceding claim wherein the occupation of a
respective section by a vehicle (81; 92) is detected by detecting a
vol tage and/or a current In the seﬁ%ent (T1, T2, T3, '"T4, T5) or in a
separate | oop, which voltage and/or a current is caused by Inductive
coupling of the vehicle (81; 92) to the line segnment (Ti, T2, T3, T4,
T5) and/or which is caused by el ectromagnetic fields produced by the
vehicle (81; 9%y fayshicia{al: prble Hisardysecupyippthpresneties setiprt tppaiitaddi ng ci ai s,
wher ei n a segnsave! apEwhiciTsegmefg(T1, T2 T3, TA TS)legergsni t ched on before a

recei ving device of a vehicle (81; 92) for receiving the transferred
energy enterg $HReeHsid ih@fe@iinglchf, Rfel tRkednbAVE@!, T2k RE THhiCh the

segnent ( Ti, Tzswitc-:lr;gd onT:ﬂ]y if ;I' \?é%lclgeé]i@ﬂ%%ﬂy cccupying the respective section of
the path of travel.

7. The method of one of the two preceding clalm, whereih the occupation ofa
respective section by a vehicle (81; 92) is detected by detecting a voliage and/ora
current In the segment {T1, T2, T3, T4, T5) or in a separate loap, which voliage
andfor a current is caused by Inductive coupling of the vehicle (81; 92) to the line
segment (T1, T2, T3, T4, T5) andfor which is' caused by electromagnetic fields
produced by the vehicle (81; 92).

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



