PONER SUPPLY | NSTALLATION FOR A RAILWAY VEHI CLE  The invention
relates to an installation for supplying electrical energy to public
transport vehicles 5 enploying electric traction. There is known in

the art an installation for supplying electrical ener to a
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poweri ng the tractiron”notors and t auxiliary equi pnent (air
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conveyi ng si X persons squar e The vehchﬁgused for the
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leaves the station, it operates autonomously, with only
the onboard power supply device powering the traction
motors and the auxiliary equipment {air conditicning,

20 lighting, etc.} of the wvehicle in order for the vehicle
to be able to travel between two station stops and to
make passengers comfortable.

The applicant has carried out simulations of the energy
25 consumed by a streetcar of this type, on a route marked
out by such stations Sy, Sy.

For example, a simulation was carried out for a
streetcar 30 m long weighing 57 tonnes, fully laden and
30 equipped with a flywheel-type power supply device on
board the vehicle able to store a maximum of 4 kWh of
energy and to deliver a maximum power of 200 kW. By
fully laden vehicle is meant a vehicle conveying six
persons per square meter.
35
The wvehicle used for +the simulation also includes
auxiliary equipment comprising all units consuming
electrical energy that do not contribute to propulsicn

of the tractiocn vehicle, for example onboard



conpressor notors, passenger information systens, etc. The maxi mum
power consunmed by the auxiliary equipnment is 63 kW for exanpl e when
the heating is operating at 5 maxi num power. The above sinmul ati on was
carried out for a particular route plan defined by the operator. 10
By route plan W& HE00BAE5r equi rement s of the opeP@T GEPZ D& /Yot 0Gf
transport system perfornmance over a routge defined by station stops
SX, Sy. The trajectory of the vehicle starting at station stop Sx and
travel ing to stkaqtgenggsand stighpilngt herffedtdndenot ed rHepndis ignéng
requi rements afdned=ReSebtdssa fHaRekhgB rofintrhembel W5 per&ns f eeta,
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to take to cov@le tdlodd ab BRIIDL RELVRENCd MO LONSBCUED ¥ €3 Shakt9BS1ar
The maxi rumtinme for which the

under nornmal operati caonditions.
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station Sy and stopping there is denoted Tyy.
15

These requirements are expressed as a function of the

following criteria, for example:

- The speed profile on each trajectory between two
station stops. By speed profile on the trajectory

20 between two consecutive stations is meant the
variation of the speed of the vehicle as a function
of its position on the trajectory between two
consecutive stations. In place of the speed profile,
the operator defines, for example, a maximum time

25 that the vehicle is allowed to take to cover the
trajectory between two consecutive stations under
normal operating conditions.

- The maximum time for which the vehicle stops at a
station stop to enable passengers to board and alight

30 and to charge the onboard power supply device.

- The level of comfort that it must be possible to
provide for passengers. To be more precise, this
refers to the power that the power supply
installation is able to supply to the auxiliary

35 eguipment over each trajectory between two
consecutive stations in order to operate the
auxiliary eguipment.

~ Unexpected events, which the wvehicle must be able to



cope with on the trajectories between two consecutive stations.
Unexpected events neans events that the vehicle is 5 liable to
encounter on its trajectory and that |ead to overconsunption of
energy. This refers, for exanple, to the vehicle stopping at a
crossroads at WhiZHWXWE3VERi cl e crosses the path oPCBARAIESADSI6IOBe,
this stop not being preplanned. It may_also refer to an 10 unexpected
stop inposed by a pedestrian crossing the track or a traffic jam For
exanmpl e, the ope&htoriflly oPe§lifr EraheciRriey Latysse Cypasrasgeutive
unexpect edl y st oapitignence between stations, 15 restarting and
accelerating to its cruising speed wthout its performance in terns
of traction or passenger confort deteriorating over the renai nder of
t he traject or Win2@etsedopevanitsh awapvsentvaftd hithatypehe t vehpober is

supply instal | gtian mstefeuabke bR %E%?g%&@@if éﬁdt@ﬁaﬁfié’%é and

auxi liary equi pnment the energy necessary power™ t he vehicl e during
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it consunes 6 W he o] r S

raj ectory. TR Iadae il S0or B eipar ERE b 056 A5 oL oo be

operation is eqfaPdrent tocapeehRily VApPidassedeinerMstahbured

by the auxisl i afast@ai AFENENQVescddife fdAIRCt ¥y TKY eawalsifg Easpeed

63 * txy/ 3600, where txy is expressed in,seconds. This pode  of

operation is without 1ts performance in terms o traction or
passenger comfort deteriorating over the remainder of

the trajectory.

20 To cope with an event of this type, the power supply
installation must be able to make available to the
motors 'and auxiliary equipment the energy necessary to
power the vehicle during its unscheduled stop and to
restart the vehicle and accelerate it to its cruising

25 speed.

The results of the simulation of the energy consumed by

the streetcar over the trajectories between two

consecutive station stops are set out in Table A

30 appended to this application. The route plan used to
effect this simulation is as follows:

- The operator defines a maximum travel time t,, of the
vehicle over each trajectory Ty between two
consecutive stations S, and S,.

35 - The level of comfort required by the operator is
equivalent to a mode of operation of the auxiliary
equipment in which it consumes 63 kW over the whole

of the route and thus over each trajectory. This mode



5equi val ent to operating the heating system at the nmaxi mum setting.
The operator recommends coping with unexpected events as described in
detail hereinafter w thout degrading operation, requiring the
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normal operating conditions.
- The maximum stopping time tayx in the station Sy is set
15 so that the flywheel c¢ould always be charged
completely in the station stop Sx. In energy terms,
this amounts to stating that the flywheel stores an
initial energy Ev'y of 4 kWh when it starts in station
Sx and can arrive at station Sy empty, with zero

20 arrival energy Evy.

During the. simulation, the applicant calculated the
energy consumed by the equipment of the vehicle to
travel the trajectory Tyy between two successive
25 stations S8y and Sy complying with the route plan defined
above:
- the energy Em,, consumed by the traction motors,
- the total energy Ety, that the equipment must have
available to cover the trajectory T,y in compliance
30 with the route plan, where Etyy = Emyy + Eayxy + Esyy,
- the energy Ebyy consumed by the traction motors and
the auxiliary equipment to cover the trajectory Ty
without encountering unexpected events.

35 The trajectory Tyy has an average gradient P,, (expressed

in %) and a length 1l;;, (expressed in meters).

It can be seen clearly that the energy Emy, consumed by



-5-. the traction notors on a trajectory Txy depends on the track
profile on said trajectory and in particular the gradients and the
di stances to be traveled on those trajectories. 5 By track profile

over a traj ectﬁﬁdeyzowdog—,rggant the evol ution of the ?en%({g/%@w

ground al ong t trajectory of the vehicle and the xy of the
trajectory Txy. 10 On conparing the traj%c'torles Thd and Tij with

| engt hs that atiee n@fao/tﬁ_rqn didtdoriserdn Ut t va{drtansr algg Qépéllhc%ﬂtcSnti‘J}aé
are very dlfferent found th t_the energ
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consumed by t h@radissttisorambt 6he ik sgesgeer id bhe ttnaa’elieds @n ahose

upgr ade over tﬂ%ggt@rqgsory On conparing the energy consuned by the
traction notors over the trajectories 1131, and Tij the respective

| engt hs of “whi ch are 423 mand 888 mand.that have substantially
i denti cal aver@getgaaﬁi o ilkt dwexf O&Ind:rtahabtbh? Impgeé toeant the

trajectory, nergy ig$ consy cLlQ {9

is found that ?e‘horei%etﬁer% bab% Eb%@ gﬁd E |3@Eﬁat Fﬁg ower Il;%pp
installation rﬁ;?t:l%oerwl % othakerednigileabded t phehd englinc| byt @fpot‘/hafr
the auxiliary WoXre-Yak qmd the traction notors over the respective
30 trajectqries Tab, Tbb and Tij so that the vehicle travels those
traj ectoritds in the respective tinmes t -alp/ tbcf tij set by the

operat or are @reat@tipdhiany ostes tfmjécasirl@fs the thd] agi owytiof 1éheths
vehi cle. The ty r?ahﬁeCt '%}J T “ffe?elntr %%%%Eltlée'a¥e§}§§8 argaf&?ts
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Em.g consumed by the traction motors is much lower than

15 +the energy Ems3. The energy consumed by the traction
motors 1is greater if the track is on an upgrade over
this trajectory.

On comparing the energy consumed by the traction motors

20 over the trajectories Tjx and Ti; the respective lengths
of which are 423 m and 888 m and that have
substantially identical average gradients, it is found
that the longer the trajectory, the more energy is
consumed by the traction motors.

25
It is found that the energy Eba,, Ebpc and Ebj; that the
power supply installation must be able to make
available to the vehicle to power the auxiliary
equipment and the traction motors over the respective

30 trajectories T,,, Tpe and Ti; so that the vehicle travels
those trajectories in the respective times ta, teer tij
set by the operator are greater than over the rest of
the trajectory of the vehicle. The trajectories T.,, Tres
Tij respectively have é steep gradient, a long 1length

35 and a long average length and a steep average gradient.

The energies Eba,, Ebpe and Ebj; are all three greater

than the energy that the electrical installation can



make available to the traction notors and the auxiliary equi pnment
over the trajectories Tab, Tbb, Tii. The energy that the electrical
installation is capable of making available to the traction notors
and the auxil iyaryoBoggtispgent over the trajectoriesgrhppoosl /Whkgst he
vehicle is powered only by the flywheel, is equal to Ev.y Ev'. - Evy.
Here, Ev.y is equal to 4 kW over t he Wfolre of the route of the

v;ahi clkga. 10 ]Ic?a_a@_enabuﬁimletm @’;eagilcrraicctalonihm&takbagh@ntm eﬁ\mnqdm@bhl e
of maki ng suffici n vail ahle to.the_traction nmtars and the
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installation is able to nake avail able to the traction notors and’t he

auxi-liary BquPbfHRRPeRhe MEtesLElsy &XEIGGEEELRS flow: t nRPveridte tthe
travel betweerehwolsudeesRiveeed0 3ilat iONSthe Eopphéanceiwl ehubhe to

route plan onky on the trajectory Tbi. having a _shqrt |engt d
st eep average%§ngdegrgé |Yénge§ﬁd F(‘)’i‘*’ Wi %nq]'lta%eocgneér gy [bﬁ"%r}i ess

than Evbi, i:#&hodekyh. tixs ursegdetibbyvehhelaehi cl e does not have
sufficient energy to conply with the route plan set by the operator
over the éaj ectories . T.y, with the exception of the trajectory Thi.
30 The appficaft AARCLEske y HowdiarsCitRe piPdrahtatiectis cdret

installati on depsbhet oénatﬂ}ﬁrid‘leswﬁfﬁicﬁleéltt Oercanp}t Yavnhi habhe touttde
pl an over all t h ehi.cl e ' arti over

trajectories %g'?\glxgéﬁyt \%Bgéﬁ%cgél\s&l \r}éeﬂst %ﬁ?g%is&o‘ﬁ \%\,h{l“g#‘%% }érgaccio@%r
profile has 3tha E&AGeFrEREi®s ahd:a Tstrechsupyraddl thgpplefilgge does

sufficient engbfyeh@osdtidk BRixpetta ehat£ di tHdseOVvehjactOri&s ] N
conpl i anc;E?vmth a predetermned route plan. 5 To this end, the

invention Telates to a power supply installation for a rail vehicle,
sai d vehicl e Mockodeng: it ats | €asnd ordatr adtd opriot orrande lactirdast

one auxiliary;ggyi on A1 M Ay, DY POIAGS ARVIGR AL LATLY

t he vehicle, said onboard energy stoirage device being e to supply
power to sai d"aFCF®a3Rd ohee t3HELIGE YmSEHAPEAAL SEiR BRCTIIRRY SREeTrIY
auxi liary equipgenior afite beengcbdapbedraldl tetheesuppld eshordsizive

electri Caﬁo engEgyif\J’\r@senigaci:gmﬁlfzpaimcclee vjischStt(?lpeper%u%te %l?atnatoin(ig} sotno%heand
trajectory Tm_having a short length and a steep average
downward gradient and for which the energy Etp; is less
than Evyi, i.e. 4 kWh.

25 Consequently, the vehicle does not have sufficient
energy to comply with the route plan set by the
operator over the trajectories T4, with the exception
of the trajectory Tu;.

30 The applicant has usefully shown that the prior art
electrical installation does not enable the wvehicle to
comply with the route plan over all the route of the
vehicle and in particular over the trajectories between
two successive stations on which the track precfile has

35 a long length and a steep upgrade.

One object of the present invention is to propose a

rail vehicle power supply installation capable of



- to cause said rail vehicle to travel on a track marked out by
station stops, said installation being characterized in that a 20
ground power supply device is installed on at |east a portion of the

track between {yo SiLeRITc¥e station stops if the §@§y%y de,tost@:;%3
energy storage device is able to nmake avail able to sai | east one

traction notor and/or said at 25| east ©né auxiliary equi pment on a
trajectory TxysiigiMeEery tMrSidceassiamerylyaticonssidpsehScliastbf eabbns

t Iy with a predefined route pl d |
ovi o6 bbi no. abl &0 o BUtir ol T ensth ATl b gy atdr Aok (asu BETHPed0

said at | east omeEe rdemi-on notor or said at |east one auxiliary
equi pnent when said vehicle is connected to said ground power supply

device. In particul ar enbodiments of the i nventl on, the power 35
suppl y i nstal 158 i Bl hagNdne tHE AOWENSLORh&ESHBLEREWITIy ¥ eRP YRS SUPPLY
separately or imstallllateehni cadty possidle cembipat| onssaid a FeHi€le

pl an defines o tr.ajectory Txy between the WO
2009/ 003765P&%@ﬂ056403 - 8 - two consecutive station stops: a
travel time txy on-aatrajessttor gnadxyracgimaximabnrstoppi a§ tigwst axnof

the vehicle at the sggkhgpaﬁ@qﬁpn@nta pagsenger confort Ievel
unexpect eg events that said vehicle nust he able to cope w

the groundower sappPy <B&Fe %@gﬁotdeé’iic§nd°rbv}é?a§q1et%of’@h?%%%th
of the track betweensthwd onhsecdtéwerdy stcatsgensievice being able to

supply power to said at least one traction motor
and said at least one auxiliary equipment,
and being adapted:
15 ~ to be supplied with electrical energy when said
vehicle is stopped at a station stop, and
- to cause said rail vehicle to travel on a track
marked out by station stops,
said installation being characterized in that a
20 ground power supply device 1is ‘installed on at
least a portion of the track between two
successive station stops if the energy that the
energy storage device is able to make available to
sald at least one traction motor and/or said at
25 least one auxiliary equipment on a trajectory Ty
between two successive station stops is
insufficient to comply with a predefined route
plan, said ground power supply device being able
to power at least said energy storage device or
30 sald at least one traction motor or said at least
one auxiliary equipment when said vehicle is
connected to said ground power supply device.

In particular embodiments of the invention, the power

35 supply installation has one or more of the following

features, separately or in all technically possible
~combinations:

- a route plan defines on a trajectory Ty between the



a ground power supply device is disposed on a track portion between
two consecutive stations on which the energy and/or the power |iable
to be consuned by said at | east one traction notor is greater than
over the 15 rest of the _route; a ground power supgéﬁfdevice i S

%

di sposed on a ¥ &R PYRAII'ER bet ween two consecut i BP7 YHY B4Rk ch

t he energy and/or the power |iable to begcoensuned by said at | east

one auxiliary gﬂghﬂﬂﬁﬁ&mkﬁv re 5§£Oﬁn%§¥9mer 20 the rest of the

route; a ground power supply~device 15 &?sposgd on a track portion
bet ween two consecut i e t¥raeilohsne saiydow rackegimationy Bei-ng on an

upgr f’ide; a ground aOQHﬁinﬁﬂppéﬁ’oﬁﬁ‘chetinfe d&gp%%e%w é‘eﬁi@ﬁé‘ P
portion between two consecutive stations, said track portion being an
accel eration area in tH€ P&EEECPI PP Sx7ground power supply device is

di sposed orp a track par pagsehgeéneesmfowt deveagutive stations, said

track portion being an,areactnywhi.gh dhe yebicled s Ligble 10,30 1
encounter an unexpected évent; a ground power suppVy dévice Ts
di sposed on a 2k K p@cPronibkt ween two consecutive stations, said

track portion extgodhREus@NbLIPUShYL DY Clic i dd agke PORLE OBxEEnNNLGEr
the vehicle is |liablé to.sto ang % en restart 35 and accel erate; an
oper

onboard conput &t cBRTDI 1 H PohTBFXt RETBEERt FFRaCCBGEFPEYR
of the velilcl esttimmmoint p of the trajectory Txy between two

successi ve stall ons. 8ol Obo, IO 2009/ POJIOREE T EFAONSLL06403 5 Srscihe
| owering of pick-up neans” as a ction of the foll'owm ng paraneters:
the state of digerTERLBIeaheEhefgysestWridge atiicasaton Hehddi nkhe

on the traj ectéiargiXYandrort ePasdd oM e tie WEhEEhSURIY tHE said
trajectory TXygt least one traction motor 1is greater than over the
15 rest of the route;

- a ground power supply device 1s dispesed on a track

portion between two consecutive stations on which the

energy and/or the power liable to be consumed by said

at least one auxiliary equipment is greater than over
20 the rest of the route;

- a ground power supply device is disposed on a track

portion between two consecutive stations, saild track

portion being on an upgrade;

- a ground power supply device is disposed on a track
25 portion between two consecutive stations, said track

- portion being an acceleration area in the route plan;

- a ground power supply device is disposed on a track

poertion between two consecutive gstations, said track

portion being an area in which the vehicle is liable to
30  encounter an unexpected event;

- a ground power supply device is disposed on a track

portion between two consecutive stations, said track

portion extending continuously over a track portion in

which the vehicle is liable to stop and then restart
35 and accelerate;

- an onboard computer controls the operation of the

electrical equipment of the vehicle at a point p of the

trajectory Ty, between two successive staticons and/or



t he amount Et energy necessary to power the traction notors and the
auxiliary equipnent as far as the next station in conpliance wth the
route 10plan, the anmount Evpy of energy that the energy storage

devi ce can nake available to the traction notors and the auxiliar
equi prent as 49 #OBation Si,, 15- the conmaReT{F oYL $A0Per
control, the maximum current that the-vehicle can draw fromthe
ground power s&pé)l ¥Lod8¥iiﬁe; oF mhecq(juhe r\ﬁeQ1i1C| easi s, C urﬁe%tgd L t{gge
ground power supply devi¢e &n ohboar'd coﬁpu?er is a apf:e(]:l Fo Cont?Bl
20 the supply Hllspeng rereheterectrical equi pment of the vehicle by
the ground power supplypcdemize id¥ stigdy MBPNEL £ afhe Eﬁteﬁ%ﬁ stolhge

energy storage device to power the traction_notors and auxiliary

P .
equi prent, 250 t FSYWwEr AEhER@ R IRF R GFaddedEvRrEBEMEY ther tract i on
nmot or and tshe auxi |4 arthee@ospaRoh, pOosf 0= poateiclenion the tkagbktddry
not or and the auxi I.li ary equi pment 30 - the ground power supply device
is segnented |ongitd#inally into power supply segnents separated by
insul ating segnents; é&dehamasotakingoSegnenyy betars ssuppltoedowet hthe
el ectrical energy qa-twWagnmbtoks éﬂ@'EﬁétJﬁ&fI%&ﬂ?”e@hi?ﬁeﬁ@eas far
vehicle; 35 - in the route plan: the travel tipe txy of a trajectory

Txy is between 30 $&co RerE 19%R SbntR ; COPRELFRES it ist Bppi Ag S me
tax of thaovehicl e q[lana

- the amount Ev,, of energy that the energy

storage device can make available to the traction
motors and the auxiliary equipment as far as the
, station Sy,
15 - the command from the driver control,
- the maximum current that the vehicle can draw
from the ground power supply device;
- when the vehicle is connected to the ground power
supply device an onboard computer is adapted to control
20 the supply of power to the electrical equipment of the
vehicle by the ground power supply device in such a
manner as:
- to assist the energy storage device to power
the traction motors and the auxiliary egquipment,
25 or
- to power the energy storage device and the
tracticon motor and the auxiliary equipment, or
- to power only the tracticn wmotor and the
auxiliary equipment
30 - the ground power supply device is segmented
longitudinally into power supply segments separated by
insulating segments, each insulating segment being
supplied with electrical energy only when it is inside
the footprint of the vehicle;
35 - in the route plan:
- the travel time tyy, of a trajectory Ty, is between
30 seconds and 120 seconds;
- the maximum stopping time t.y, of the vehicle at a



WO 2009/ 003765PCT/ EP2008/ 056403 - 10 - station stop is between 15
seconds and 35 seconds; - the passenger confort |evel corresponds to
an energy between 18 kWi and 132 kWh; - the unexpected events with
whi ch said vehicle nust be 5able to cope include at | east one event
consum ng bet B2 PR AOAT64nd 2. 2 kW of energy. TRET{RRZGHE /64050
provides a rail transport systemincl udijpg-a rail vehicle, said
vehi cl e being adapted.to 10 travel on a track marked by station
stops, said Tai | VORGI BEPRg SIBHMEA Wit REORET BYS o bORSE Edppl y
install ation. The ghenwepassppbyri nstmfd=t i okewfl t hwrdnesgatidsen has ahe
15 advant age of bej Leal N S ere is no power
344&%?25%)@%&8@ i%e]%kﬁ%d 933 k&vﬂf

supply by overhea et ween t wo statlon stops, which is
i ncreasi ngly i Tgota aMexPecteAnSEenteryith whichisaig, yedirilg mess be
costly thars a grapind pOWRIopSUPIHALLUAR SySt eBkisAStard edvaht abaBgmihe

route of the vehicle. The.vehicle r..supply installation of the

i nvention has tnﬁﬁﬂHV§hpaaeﬁg% %%%Sf&fﬁa%wp thﬁég¥bute pl an defi ned
by the operator regardl ess of the geography of 25 the trajectory,

i .e. the profifg ofniBE i 5ACK 1RBE YBER, | CoNSeGYL | 1Y§ar§§;|?cifc‘)cog§])sfstem

The vehicle power. supply installation of the invention a ures
that service i SPrBlinded &fdh VELLRES 3053hi 18N Aifc b@irer 89aREPDER ed
events. Th® i nventdlonomi bl headetherkamdenst ogd sfd@on ey said

rail vehicle being supplied with power by a power
supply installation.

The power supply installation of the invention has the
15 | advantage of being esthetically pleasing as there is no
power supply by overhead line between the two station
stdps, which is increasingly important in town centers.

This system is less costly than a ground power supply
20 system installed all along the route of the vehicle.

The vehicle power supply installation of the invention
has the advantage of complying with the route plan
defined by the operator regardless of the geography of

25 the trajectory, i.e. the profile of the track between
two conéecutive stations.

The wvehicle power supply installation of the invention
also ensures that service 1s provided even if the
30 vehicle encounters unexpected events.

The invention will be better understood after reading
the following description, which is given by way of
example only and with reference to the appended

35 drawings and table, in which:
- Table A sets out the energy consumed by the vehicle,
already partly described, lists the energy consumed
and supplied by the equipment of the vehicle over a



the follow ng description, which is given by way of exanple only and
with reference to the appended 35 drawi ngs and table, in which: -
Tabl e A sets out the energy consuned by the vehicle, already partly
described, lists the ener consuned and supplied by the equi pnent of
the vehicle ovBP 00 003765KT/ EP2008/ 056403 PCT{EP2008 (iR&403
extending fromone station Se to a statiin-Sk marked out by stations
S. where x = b, ¢, d, e, f h, i, j. Figure 1 is di_agr.ammuat i
represent ati on of V& vﬁ??%‘?ﬁiﬂﬁ% Frot hén%l F??Eﬁ%ni ha ng?elas%g‘fatéon B
transport track madkedeowli sposittatownef St hehgreound gower, sluppl y fdewi ce
formng part of }tlhei,p wer supply installation of the invention over
the route of the Vvehicle between the station Se and the station S. 10
- Figure 2 is a Fi#it%8 ondl biSockddi ddrgrrBrabipondersappnlyation of
installaticn of ¢aweidyivery i0n whd hadrvehde| en St tat€doon aa tirhagkort

ortion equi pped.w th a ground,power, suppl vice, said track

Bort ion so equi ppef* hd't %i%jgspaodﬁ%&éyﬁt Cé ?E?’&Igfé)&n?li &RVRIt FURBLY
ground power 15sdgiplae deximiag Magur eofl theprigsent ssudE vt riacicapdetibe 5
over the route géft%eve%%ﬁtmmm Stidfel OBoweel Oof NG AlkARCPE

on a track 5. 2 . .
between the station S, and the station 8:.

10 - Figure 2 is a functional block diagram of a power
supply installation of the invention with a wvehicle
situated on a track portion equipped with a ground
power supply device, said track portion so egquipped
being adjacent a track portion with no ground power

15 supply device.

Figure 1 represents the track profile 5 over the route
of the vehicle from the station S; to the station Sg on
a track 5.
20
The embodiment of the invention represented in figure 1
is adapted to anticipate shortages of energy for the
equipment of the vehicle in order to supply sufficient’
energy to the vehicle to comply with the route plan
25 defined above  over the whole of the route of the
vehicle regardless of the track profile over the
trajectory Tuy.

As shown in figure 1, in a manner that is known in the

30 art, the station stops S,, S, adapted to allow
passengers to board and alight are equipped with an in-
station charging device 18 represented in dashed
outline in figure 1.

35 By in-station charging device 18 is meant a device for
charging an energy storage system 15 and powering
auxiliary equipment 12 when the vehicle is stopped at a

station stop Sx and electrically connected to said



The enbodi nent of the invention represented'in figure 1 is adapted to
antici pate shortages of energy for the equi pnent of the vehicle in
order to supply sufficient energy to the vehicle to conply with the

route plan 25ydebphpedogbpys over the whol e of the;&gy@@2958y5§6403
vehi cl e regardl ess of the track proflle over the trajectory Txy. As

shown in figure 1, in a manner that i3S khown in the 30 art, the
station stopScSargﬁﬁgaﬂaﬂnﬁﬂ to all ow passengers to board and al i ght
are equi pped with an in-station charging device 18 represented in
dashed outline in figure 1. 35 By in-station charging device 18 is
meant a devi c8htor ephagyi ngtamagner gyssevrage syslemtl® armlipdierivng

auxiliary equig H??ﬁ.el%? uhen dthe veBtelenisy stiopPedgaked £t AUAPN ateoP

S. and el ectri cal connect ed to sal d
2009/ 00376%PCFFRP260%T oxtdIattey .. char ging device.  The energy
storage system 15 and the aUX|I|ary equipnent 12 are represented in

figure 2 and areobaskp! Al ned. herelmalfer «paceordl poctp 1 uention,

the electrica T on TN ground power cem19
equi ppi-ng t helagdngpedat ga@un®op@wmssmlm deie ey di%cqqsmp@sn%tthe

Tbc, 10 Ted Eghip %r dotddde S dHOYRd FOWRE %E&BHEMtQ@i’é&eT &9 Bgi,ng
adapted t Eply he vehicle with electrical ener en it Is

travel i ng cq” tTedck Tport fon 5 3EquiTREd V\P?“F?%agﬂp@}%uﬂﬁvbﬁ‘\?\ellg
suppl y deV|cebé9n@seﬁk$medbad>|Buppng deteai Fehbrd nafiter .eActrical

unequi pped 15&&9% RRERI % 241 %rav89;3¢0%v8 thectiaekoa ML 98

ground power sup evice 19. SUppl Y7 ng the Vehi ¢l e

el ectri cal eneﬁgypp%d meaRb ;ﬁm@rmgomnfé BPEet r isgRPLEquigieet b 8ai d
20 vehicle. Taeberimwse rihecmgﬁe e adnOUREr HOVETE sSUPPEY dSMdfif phRdi S

adapted tp. po y.stqQrage system 15, the auxi
equipnentfaz ﬁeﬁc%hgof g' i %r ‘%%i°f5cﬁae13%0€E§Fﬁoga%FBhsn8f
t he ground poweouﬂmunﬁ@enkaup@és m@vuoeth% first enbodi nent of the

i nvention are described next. As described in nore detai

herei nafter, in the . . .
By supplying the vehicle with electrical energy 1is

meant powering the electrical equipment of said

20 vehicle. To be more precise, the ground power supply
device 19 is adapted to power the energy storage system
15, the auxiliary equipment 12 and. the traction motors
11.

25 The chosen locations of the ground power supply devices
19 in the first embodiment of the invention are

described next.

As described in more detail hereinafter, in the

30 embodiment shown in figure 2, the traction motors 11 of
the vehicle are reversible. They are adapted to operate
in consumer mode in which they supply traction energy
to the wheels 4 of the vehicle 2 and in generator mode
in which they generate a braking torgque and are adapted

35 to charge the energy storage system 15 on board the
vehicle 2.

The remainder of the description describes a system



30 enbodi ment shown in figure 2, the traction notors 11 of the
vehicle are reversible. They are adapted to operate in consunmer node
in which they supply traction energy to the wheels 4 of the vehicle 2

and in generai®rgmdeoisnewhi ch they generate a brakt pgpiqysue cangd are
adapted 35 to charge the energy storage_system 15 on board the

vehicle 2. WD 2009/ 003765PCT/ EP2008/ 086403 - 13 - conprising a
vehi cl e equi ppathbristiligana obhat e esqugypsd owaga devi sebeonsi shéngy of

Ki i | i T il i
b1 Teadi |y KohTR e e EoSYpEfns (OF PFC SRS flhadh PEn St
devi ce wth asurpler cdp#éreor -Ther patrseny-shigd edevige.tiFhe arghi ¢l bl

energy consunpddgn t ablRut husw nelgudesiReebr akiigg QQEEQYcEfEneM€§Ch
is the energy that .the 10 traction notors 11 are able to sugg%g o]
the flywheel HIFYWEAPL SGGF TN o7 cFEPGECRRACHIRT "onRf g - VarYies
Ef xy on the ttrgjecteariices Txy were obtained by sinmulation. The energy
Erxy is the real energy that the electrical 15 installation nust be
able to supply to the vehicle 2 in conpliance with the route plan on
t he traj ect or§hera¥ehislisr gkiexgyesongymptagnpeihge uskdst onchedere the

flywheel on thedikgy eehetyy Twe,E XhiThEt 1%y thél bnedQy Nthhe  the
enbodi nent. descri hed, the equipped t ectories are the trgiectorles

;
Tab, Thor Credtrersa oMl oRk ldn Ak Hble to supply to the' Plyvncel

on the trajectory Tx, to charge it. The energy values
Efyy, on the trajectories T,y were obtained by simulation.

The energy Ery, is the real energy that the electrical
15 installation must be able to supply to the vehicle 2 in
compliance with the route plan on the trajectory Ty, a
braking energy Ef,, being used to charge the flywheel on
the trajectory Tyy.
Eryy = Etyy = Efxy.
20
In the embodiment described, the equipped trajectories
are the trajectories Tan, Tver Tear Ters . Tij, Tix on which
the energies Era,, Erpe, EXeqd, Eres, Erij, Erjx are higher
than the energies Evap, EvVne, EVea, EVer, Eviy, Evyc that
25 the onboard flywheel 15 is able to make available to
the vehicle 2 on the respective trajectories Tap, Tses
Tear Tesr Tijr Tyk.

Figure 1 shows only the trajectories Tan, Thesr Tedr Tez-
30
The energy Evy, that the kinetic energy accumulator
system 15 is able to make available to the vehicle 2 on
a trajectory Ty is determined by the route plan and
here is equal to the maximum energy that the kinetic
35 energy accumulator system 15 is able to store, 1i.e.
4 kWh, because the maximum stopping time ta;, in a
station stop Sy is sufficient to éharge completely the
kinetic energy accumulator device 15.



t he energies Erab, Erbc, Ercd, Eraf, Era, Erjk are higher than the
energi es &crab, Evbc, Evcd, Evaf, Eva, Evjk that 25 the onboard
flywheel 15 is able to nake available to the vehicle 2 on the
respective trajectories Tab, Tbct Tcd, Tee, Tjk. F|gure 1. shows

t he trajectorlé ©5Tait Tee. 30 The ener gyPEG(E ?&ﬁ84Qﬁ5403

ki netic energy accunulator system 15 i-s jabl-e to make available to the
vehicle 2 on a trajectory Txy is determ ned by the route plan and
here is equal to the maxi mum energy that the kinetic 35 energy
accunul at or sySrewndSpewembberply sdevices . 82 4rkWihee€ause prhgided

mexi mum st oppi Hge §ide HRX dtRtdont 8EH98 Sk OPo i drs M fhel %%ckos of
charge conpletely the kinetic ener accunul ator device 15

2009/ 003765PCTHES 2eIs60438S- Tam Togr dund Trawefiisupp Pdé\lfpeég toe
are theref e pelovilded auitsi %wéh6w5éﬁtiﬂn1§t@p8tfm:1 Heick eastobnt be
5 veni cl e 2 wi TR HEH AtEnoH S S ER RVEEacReBbY: PER D B pped
wi th said ground power supply device 19. In particular, a ground
power supply deyi g8rd o @il PSy ahrb@Ra$t pSwPPT 5i9P1 Pf abhecd r f6KeQRi 8s
trajectory Tx), at least a portion of the track on a trajectory Ty
10 between two consecutive stations on which the energy
Evyxy that the kinetic energy accumulator system 15 is
able to make available to the vehicle 2 is insufficient
to power the traction motors 11 and the auxiliary
equipment 12 in compliance with the route plan defined

15 by the operator.

As explained in more detail hereinafter, the ground
power supply devices are preferably installed on track
portions in which +the <traction motors and/or the
20 auxiliary equipment are liable to consume more power
than over the rest of the trajectory. To be more
precise, a ground power supply device 19 preferably
equips porticns of the track 5 on an upgrade in the
direction of movement of the vehicle and portions of
25 the track 5 on which it is highly probable that <the
vehicle will accelerate and/or make an unexpected stop.

To this end, as can be seen in figure 1, a track
portion 20 equipped with a ground power supply device
30 19 extends over the entire length of the trajectory Ta.

The energy Ery, that the installation must be able to
supply to the vehicle is 9.51 kWh, which is more than
twice the energy Ev.,. The whole of the track 5 between
35 the Stations Sz and Sy isltherefore equipped with a
ground power supply section. It is important to note
that the track portion Rl equipped with a ground power
supply device 19 between the stations S: and S, is on



10 between two consecutive stations on which the energy Ev.), that
the kinetic energy accunmul ator system 15 is able to nake available to
the vehicle 2 is insufficient to power the traction notors 11 and the
auxi liary eqU| rrent 12 in conmpliance with the route plan defjned

by the oper ato 0WA3HieRed in nore detail herei HQE(%@’ Qgrfé’5g6ﬂ(9t§nd

power supply deV| ces are preferably instigl led on track porti ons in
whi ch the tractl Op hotor s and/or thed20 auxi Hjary ? prent are .,
liable to constne n%re povver "t naR96VET the rest o raj et ory.’~To
be nore preciserakEgradind Tpowehsupplijeaknt céragkpr of erf{hﬂ y opgagpee

portions of thgitd@ckmd 08 ﬁBtU%%h@?EeH”wtﬂEﬁ o r&f&ﬁm Béw@pvgﬁsﬁiyof
t he vehicle and portions of r ack whi ch

|y
probabl e that THELSeHISH IYheaddécér dfe Oélnd’/"’orovr?él@él H%H&fﬂ‘é%té%
stop. To tli s end, dasec@phesadk |u3:af3eguwlebaa mdaekepor t8ok20on

equi pped with oupd.p I, pR! vice 3 xt e over the
entire length ‘(?Jl?lq{rheggraﬁ’\é\g‘ 8?33/ r)évg$ e glne‘rg e‘rt ?%a?mfjf'uons are
installation met bethbkeuippetippilyicto makes eht chesssbbe 5tokphopawd ch
is nore than tyh Ge-dhiilner QysE¥ab. The whole of the track 5 between
35 the stations Sa and Sb is therefore equipped with a ground power
supply section. It is inportant to note that the track portion Rl

equi pped Vit h Bhgr oandrgpwereguppénertdeyi cef 19 thet weashildle stat i otise Sa
and SID is on M0 £Q09,003765PCTLEPZA0Y 036403 se 1%He upgrade is
 particularly steep on this trajectory. The motors
consume a great deal of energy on this trajectory to
supply potential energy to the vehicle in addition to
15 the kinetic energy necessary for it to move.

A track portion R2Z between the stations S, and S. is
equipped with a ground power supply device 19. Because
the trajectory Ty, 1s long, the energy Evy, that the

20 kinetic energy accumulator system 15 can make available
to the vehicle on the trajectory Tp. is less than the
energy that the electrical installation must be able to
make available to the wvehicle to cover the trajectory
The in compliance with the route plan.

25
A track porticn 20 between the stations S, and 3. is
equipped with a ground power supply device 19. This
track portion R2 extendé continucusly over the entire
length of the intersection I and to either side of the

30 intersection I.

The energy that must be available to the traction
motors and the auxiliary equipment to comply with the
route plan on the trajectory Tec is 4.63 kWh, which is
35 not very much higher than the energy Evy. that the
flywheel has to make available to the vehicle on the

trajectory The.



average on an upgrade in the direction of the trajectory Tab. The
adj acent track in the opposite direction is not equipped with a
ground power supply device because the track is on an overall

downgrade in ot hegdisesispn of the trajectory Tbapcqe(@jpgggwogg;@@:i(s
on which the vehicle travels in opp05|te directions are not bot

equi pped, which nmakes it possible to pr %ose an econom cal systen1 10
The energy re@yi iagensscofor hies wedint! @anoartheihr ahech otlye Teretealr gh

because the upgcafe J3JaaLlioulgLhy stegp QAN Ligl eetory. The.

Mot ors consune a gr eat h th
pot enti al eneﬁgysﬁgdtﬁélvéhi%lérﬁﬁ |ﬁ|dﬁﬁﬂ6ﬂ$5 t*ﬁﬂ¢<kma|@neﬁ@ﬁgy

necessary for rbEldt OTHBYE. i fr Qﬁ@@%ﬁ&%l@%t?e'fo\@e%é he i3t afdrang «Sb

[T a) oct o y> ThECRES) hbLoTh e Lriag BEBEL Rt UPREED. kARGATEIREr b5

accunul at or sysbed1&51bamunﬁheiawauw@hheléoothe peliesteian drissing
trajectory Thguisy €<§§ % the energy that the electrical

instal lation rrust ab ‘make available to the vehicle to cover
the trajectory Tbc |n conpllance with the route plan. 25 A track

portion 20 betrweentipe §$ﬁ%t@?sc§ﬂs§rﬂ@s Sendfy ﬁ%%m%éd W {Réﬁg&ﬁ‘@ﬂ@d
ower su VI C | S r e s.conti nuous
ey her T BBY Shratigh 1 on 1 Ree Dt o eiREre S ga

t he 30 interseonswmptloﬂhefenﬂmgyauimﬁlamuste¢unpmamﬂ abhed topbddes a
traction not OE@S@QPtt?}S%_gH%éJi gwgﬁgg\%gﬂgﬁoﬁ%fo H@hfltllteheﬁggte

pl an on the trajector cC1s very muc
hi gher than t RECBRRFRYITVHEAYIRG FHEWIfRBeCThEOVES Rike SAREDY able
to the vehicl enencitfecidsjmeatory Tin. WO

2009/0037§§PCT/EP2008/056403 - 16 -
A track portion 20 between the stations S. and Syq is
equipped with a ground power supply device 192. In this
upgrade track portion R3 there is a high probability
that the traction motors 11 will consume a great deal
20 of energy to overcome gravity and to propel the vehicle
at a suitable speed.

Alternatively, a ground power supply device 19 is
provided on a portion of the track 5 between the
25 stations Sc and S84 that is level or on a downgrade but
is defined in the route plan as an acceleration area.
The traction motors 11 consume energy in an area
defined in the route plan as an acceleration area.

30 The track has no ground power supply device 19 between
the stations Sq and S. because the energy Evg that the
flywheel is able te make available to the wvehicle on
the trajectory Ty4e is greater than the energy Erg that
the vehicle must have available on the trajectory Tge to

35 comply with the route plan.

The track portion 20 is equipped with a ground power
supply device 19 between the two stations S. and 5S¢ and



By intersection is neant an area in which the streetcar track crosses
a road, said track being liable to be crossed in this area by a
vehicle traveling on the road. There is a high probability of the

rail vehicle 5 beij I d to stop before or on sa |nter ectign
to avoid coll |°H?r?é) /?’ﬁ Q%Sehr cle or a pedestrian %9 SS9 & Wé6403

intersection. This type of stop consumred7energy because it |engthens

10 the durati an qf .Qf tt‘hae !aegtoryMWm ch |Qg gfsesetahe %cm%grrpatsr on, of
the auxiliary equr prren 0sés arestart toffo eb

accel eration oﬁ‘ccteri@r\aehpel ereahirs Hrr eloartgt PdANcauses consurrptr on of
power and energy by the traction notors. 15 A track portion 20

between the stations So and Sd i s e |gp thagi) nd, power é)ly
device 19. |n 1 SUNGTEIE Cradkep SREPLKerBSFEL G2 gh Tor k:
probability thaiilt heehi@abd i @n avdprsd 1tow ttawdnsone maxgyldatl deatal0

of energy to oglqu%onelogr Qﬂb&n){ afg cte%c‘}rl%%ﬁy %Qe vehicle at a suitable

speed. Alternativeél'y round power supp evice 19 is provided on
a portion of the track 5 bet ween the 25 stations Sc and Sd that is

| evel or on a m@wngadg but d:@mﬂ.eiféé?seda i ﬁatt&@ngétut@awuanrs agsupPorted
accel eration rea. The tl‘%Ctl on _not 1 cons %n l%% N ag ar ea
%ao e k s

defined in thé¥ ofit €5 aR*ad'tif i c rer S oh?a YL

no gr ound lgowerdapippl yodeupperﬂ%rbiatg\meﬂe the Bhaels)nts. Sd and Se
because the energy Evde that the flywheel is able to neke available
to the vehicle on the trajectory Tde is greater than the energy Erde
that the vehi dHéeristinalb®, abhel IBhéchn gheowerwo@yswesw of

comply with thersouanp!RringM 208910037 8RRCELERZAQB/ A5RAKE -wHilch
this track portion R4 i g Ievelﬁglre?l defined as an acceleration area
in the route rfnsuPp?ﬁg t]%c ‘the power supply installation
for the 51|5a|I vehicle 2 adapted to travel on parallel netal rails,

not shown, isqggscrihed n es.9 N
cabin 3 supporT?led Ey g se%pl%gg%g%qﬁbEhgnra gﬁgiestgre] ??ggékﬁa?% 10

adapted to sufFSPteEnd WGui MR whekdtgcal energy to electric

traction motors 11 and to auxiliary equipment 12 via a

DC power bus 7.

20 '
The driving wheels 4 are driven by electric motors 11
supplied with power by traction converters that for
clarity are not shown.

25 The traction converters are adapted to convert the DC
voltage supplied by the power bus 7 into an AC motor
supply wvoltage. The combination of the traction motors
"11 and the traction converters constitutes the traction
system of the vehicle.

30
The auxiliary eguipment 12 includes all units consuming
electricity that do not contribute to propelling the
traction vehicle 2, for example onboard electronics,
lighting, air conditioning, passenger information

35 system, heating system, etc.

The vehicle 2 is shown as comprising only one car. In
the case of a vehicle comprising a plurality of cars,



Alternatively, the vehicle 2 conprises a succession of cars each
having a cabin 3 and at |east two of which are supported by wheel s 4.
The power supply installation of the invention is adapted to supply

el ectrical ener y ric traction notors 11 a
equi pnrent 12 VI %&%%&%P bus 7. The driving V\hegeg}g?%&@)djr%éﬁ by
electric notors 11 supplied WI th power- Wy traction converters that

for clarity ar&é‘%lé@@é"f&a %;ﬂgx&er acty 0”1f°”¥§r57§r %1%8e§i§8‘c99e£0

convert the DC vol tage supg e gower” bus info an
suppl y vol t agethaTHaomti faei 6ﬁhb$l?h?er thofceeAPABt ors - 11 and the
traction converters constitutes the traction system of the vehicle.

30 Th ili t 12 I | 1 it

Shectricity t e e IRBFELGfraase 1o ArBpc TITE ENE (1 U1 GREGEHPRI o
2, for exarpl eebsbinard redieets obl carel igghthiemg, swgipl iedndiititbonpewgr by
passenger inf 0'5%2%%%%6% e&} @&?&#}é{% %Y%r%ﬂlrﬁ%t Gorgh® supglyﬂg

2009/ 003765PCT. 18" - e electrical” equipnment
12 i s divided DERGIEFANCRBFEY oftOr hehgeHitacd ipn fepnvs@hinsise. TheCh

el ectric notoré&onkderdf &heeVer Yollk8ge ThendfAcdd By TR aGlacikGoAOhOfSrd 1
are either sup. |ed w th ower_, bus 7 or m;ratea

br aki ng torque I%fl ﬁi&cgl gcb? ib%:{%#th& é&/tpg Pﬁgefr%%l on

converters,® which convert the AC vol tage generated by the traction

notors 11 to pppduced e val t ags- QR st heanpo"éﬁ'bo*a% 7k1{l’19tﬂ?e YRBES
2 carries an onboard kinetjc ener accunu] ator devi ce 15 adapted ¥o

accunul ate enéAFPIHARE FGVhCEf n%qélFbteéine?@ya‘é"n'&miJoatrees?’b?%gX tign
the formof elgoirfeah efiengyetlia aenm@@rerartdwatol gekbowa iin 1 tfiee

art, the ener gy &Lo(rj@gﬁe%%vhgg 1éne1-:r ef1nerag¥n§_1 or aggggew Cﬁ?ﬁfntjhne

enbodl nment descr isa |ne i € €n accumul ator vice
i ncl udes a5notre wiattli- a ¥lod orenelrgy sét@ﬂé@geas degiicaeriba Mhes. energy

Al ternatively,sddiaqenbrandeeper gueSéﬁw@ﬁn&&v'&%&aBeee any RiNeti L0
storage device, such as a iﬁgggcagacl tor or devi ce. The
t

at
onboar d ki net i & QF NI VHEYi & EaESngi f4ds 3 'motor with a

rotor that serves as an inertia mass. Alternatively,
the onboard energy storage device can be any other
20 storage device, such as a supercapacitor or battery

device.

The onboard kinetic energy accumulator device 15 is
adapted to operate in a discharge regime when supplying
25 power to the auxiliary equipment 12 and/or the traction
motors 11 and in a charge regime during charging
phases. An onboard computer 38 controls the switching
of the kinetic energy accumulator device 15 from one
mode of operation to the other.
30
In the discharge regime, the kinetic energy accumulator
device 15 behaves as a generator and produces a DC
voltage on the power bus 7.

35 In the charge regime, the kinetic energy accumulator
device 15 behaves as a motor and takes electrical
energy from the power bus 7. The DC voltage 1is
converted by a converter in the kinetic energy



adapted to operate in a discharge regi ne when supplying 25 power to
the auxiliary equi pnent 12 and/or the traction notors 11 and in a
charge regi ne during charging phases. An onboard conputer 38 controls

the sw tching @ Adve Aiogngksc energy accumul at or devteesdh da/0msene
node of operation to the other. 30 In tﬁé di scharge regine, the

ki neti c energy accunul ator device 15 behdves as a generator and
produces a DC amiuragetom theipewed butso 7an FE lsupgie shatgeer Egi nehe

the kinetic engrgyaGeurulalog; 1cceenje§ ﬁeﬁ%éﬁﬁuﬁ&@r TAlceARd , t akes

el ectrical ener fromthe power voltage Is converted
by a converter |n the kinetic ener gy V\D 2009/ 003765PCT/ EP2008/ 056403

- 19 - accumulBiorpigteyd £eo i Schak §imd Aﬁésu&ﬁmbyu\mkahag@yf@E:ctnlﬂ@lator
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phases of br akieig dlike dretingl @hdohi nhewhirehtibe notets ohl noperste lin
operate in gerbeé'rpet];%rtor_gog deln a manner that is known in the art, the

kinetic 10 energy accunulator device 15 is equipped wth neans, not
shown, for measuring the energy stored in said device 15. The power

supply instal lgtian nditlatdeshitn tilse &%ﬁoniantﬂmahrwy ’dﬁ%anﬁlrﬁ@ﬁ'lc
measuri ng tohe e005|t| on_of th vehcie &2 i)‘gg |ts raute.. Far en?n

t he neasuring frears a?ccur%ans °For asuril ngltsh qsulgé’&dof“'lt% PFET on
nmot ors, from wiitchshhenspded ofeahwringcthen ar@mgcd esaeukd t $nposdid on
on the route caiike determ ned, or GPS 20 neans for determ ning the

| ocation of the vehicle. In a conventional way, the vehicle includes
means for picking up energy fromthe in-station charging device 18,
not shown, adapteed powamke sappelect incted] learinect | biicludes in  the

15 conventional way means for measuring the position of
the vehicle along its route. For example, the measuring
means are means for measuring the speed of the traction
motors; from which the speed of the traction vehicle
and its position on the route can be determined, or GPS

20 means for determining the location of the vehicle.

In a conventional way, the vehicle includes means for .
picking up energy from the in-station charging device
18, not shown, adapted to make an electrical connection

25 Dbetween the power supply bus 7 and the in-station
charging device 18 when the vehicle is stopped at a
station stop.

The in-station charging device 18 is adapted to charge

30 the kinetic energy accumulator device 15 and to power
the auxiliary equipment 12 when the vehicle is stopped
at a station stop Sy by supplying electrical energy to
the power bus 7.

35 For example, the in-station charging device 18 includes
for example an overhead line extending along the
station stop and the means for picking up energy
include a pantograph electrically connected to the



25 between the power supply bus 7 and the in-station charging device
18 when the vehicle is stopped at a station stop. The in-station
charging device 18 is adapted to charge 30 the kinetic energy
accunul at or dgyiggolpoandst o power the auxiliary pepiims /b3 eswhen
the vehicle is stopped at a station st B S. by supplying electrical
energy to the power bus 7. 35 For exéng e, the in-station charging
devi ce 18 i nctaides e o axdnpbdebanmover peadikbeneocextrenawgrallorg 1 he

station stop n r..plL,CKi ' y.4 ncl u pant ogr aph
ol ectrical Iy nneara o e R et ctih e rsnonrses it o
vehi cl e 2 andthe applaspatpe epibent aprHdcpéhenr BESIFZ1tpRlexanpl e. One
such charging device is described in the applicant's patent
applicatian 0982176 Al. 5 Instead af, an overhead |ine, the ,
in-statio% cﬁgFgfﬁé i 28 PEe& ﬁagn H6e aRP of RePtpobidt Sbppsing
means that calevicecdfneahedntbutiteavemidlie poweresgpppiy Ceans nesats.
Such power s y i e third il ar ar po Supply
devi ce at thle{%gt atplggﬁgé?%%%e;&gr t?o %(%npvlregl}?‘]‘%e [ ste:'ﬁélqg [ O}%‘%%ﬁﬁp
suppl yi ng povi&anso (HEhy @evere strelyidesans gi beHEID ek hsipprai desdi ce
19 equi ppi Ng PoFEd RS ;Q:fwéﬂ"esdpgﬂ%}( ReBlside the statiansstas shigwn
15 in fig@re 2. e such ground power supply device 19 is described
in the docunerit®™PrR®2762810. 20 As shown in figure 2, the ground power
supply device 19 is incorporated in the roadway between the two rails
of the vehicl r en al ad.p () o) e . tr.ack
rails. The gr%%dﬁg%ﬁi;@a‘sﬁpp ygggviscggﬁgeﬁﬁug{lﬂvérfht%hé:t}l%ur _gaygle%lo
the track 5. YSgeg nAnfEroWHat PPECknEHPPLY t BRVEF? , IthecGRiRRINY
power supply mevtieasl9fi shsegranked bopgitedipal kyat Ddms ponersisaigpl y
segment s 434 %gp%g%hgg Qy i nsul ati ng segnents 36.

(]

One such ground power supply device 19 is described in
the document FR 2762810.

20 As shown in figure 2, the ground power supply device 19
is incorporated in the roadway between the two rails of
the vehicle track and extends along and parallel to the
two track rails. The ground power supply device is
flush with the surface of the track 5.

25
In a manner that is known in the art, the ground power
supply device 19 is segmented longitudinally into power
supply segments 34 separated by insulating segments 36,

30 The ground power supply device 19 is connected via
electrical substations, nect shown, to the electrical
distribution grid of the town. To prevent any risk of
electrocuting pedestrians, each power supply segment 34
is supplied with electrical energy only when it is

35 1inside the footprint of the vehicle 2.

To be more precise, the ground power supply device 19
is adapted to supply energy to the vehicle 2 when at



30 The ground power supply device 19 is connected via electrical
substati ons, not shown, to the electrical distribution grid of the
town. To prevent any risk of electrocuting pedestrians, each power

supply segnenty@3ddm /surplksed with el ectrical energyrpmanosyassutsi s
35 inside the footprint of the vehicle WO

2009/ 003765PCT/ EP2008/ 056403 - 21 - Ié'aéfL one segnent 34 is inside
the footprint Hadtheonvehisebmeft ald ats | asideneéhendrogpppiiok- wEf nelans
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of the segnents 34 supplied with 5 electrica e seen

in figure 2, t¥RESicd dwe the sv%kqmlﬁpe?d e hlﬁeBH§Si2‘23$ ofFOpF&KE Nl ttp

el ectrical enesrtgy T t hehgr opind pgwer ssgpPhtys deyi cesdfpl déh Theith
el ectrical Ly ndyct.i v ick-up neans 22 are fixed to the vehicle.
The pi ck- u& ;h %f ﬁog 1’8694 nechani cal and el ectrical connection
bet ween the vehicle and t he ground power supply device 19. 15 The

pi k- up means 22 S S6edo; Sheesuiday, aife afapiet 9 MBYeqbetyEen

a raised position, not shown pl ck- up _nmeans re not

i n physi cal cdﬁtté’ctme\ﬁiﬂtsh212h§°§r6ﬁ%ll%%r‘¥%c%l%?trtlﬁé‘lt EREKID, L7l 0
| ower ed positiggbursh@wiernNsfipglly &lsdiden 19hi ch the shoes are in
sliding cqnt act with the surface of the track 5, in particular with
power suppl’y segnents 34 and insul ating segments 36 if the vehicle 2
is |located on Bhepmtdanrizeléf rcheduebike Speguippeteans Ra apouhdked

power 25 supplgy deyjLe Jhicihe spaei n?lgﬁtﬁ‘ﬁenmég'ﬁssrlﬁ’fs Pfode 2
pi ck-up neans 22 i ater than the [ength of an |solatuag segnent

36 to ensure m%ga s y ¥eFIER L r RIS SHEE 7 RF
shoes, at | eastehdréeotndhthkd gﬁnundnpambedsupplhedamnﬂudﬁLve segnent
34. 15 '
The Ipick—up means 22 comprise two shoes that are
adapted to move between a raised position, not shown,
in which the pick-up means 22 are not in physical
contact with the ground surface of the track 5, and a
20 lowered position, shown in figure 2, in which the shoes
are in sliding contact with the surface of the track 5,
in particular with power supply segments 34 and
insulating segments 36 if the vehicle 2 is located on a
portion 20 of the track 5 equipped with a ground power
25 supply device 19.

The spacing between the shoes of the pick-up means 22
is greater than the length of an isclating segment 36
te ensure continuous supply of power from the bus 7 via
30 the shoes, at least one of which is connected to the

conductive segment 34.

In this way, as explained hereinafter, the ground power
supply device 19 is able to power the kinetic energy

35 accumulator device 15, the auxiliary equipment 12 and
the traction motors 11 when an electrical connection
between at least one segment 34 and the power bus 7 is
made via the electrical energy pick-up means.



In this way, as explained hereinafter, the ground power supply device
19 is able to power the kinetic energy 35 accunul ator device 15, the
auxiliary equipnent 12 and the traction notors 11 when an el ectri cal

connection betyweempt/ohgagt one segnent 34 and thepémwggzdyg70§6qg3
made via the electrical energy pick-up neans.

2009/ 003765PCT/ EP2008/ 056403 - 22 - A5 $Rown in f| gure 2, the power
supply installation includes an onboard data network 37 connected to

an onboard coqﬂytg Ihef ut r %%e (ﬁgﬁpegﬁéﬁhéuc sBa ayﬁ&}he

control 39. The on%oard conp ‘1 6C6i A Ing ani T on
driver controlirgdugest rasi sonheané)eﬂattﬁomedﬁ‘wqrﬂie 37 acphoeched ot 1l

the auxiliary &%awe%mgaatesadshhenzﬁg beﬂﬁﬁt&r ener gy AGEAMRHAL Ol a
devi ce 15 gla he onboar et wor k he driver control 39 is a

mani pul at o 18Tt ARPTERL Y1 ver can move to send a traction,
braking or idle 15 command to the onboard conputer 38. A traction

command i's senf, WGR, INHe M ogrgiuscl ! rPec?éW'%h Jr?r;br?ar L& durd

accel eration or on an upgra IS Ccase e on conpute
commands the driver control 39 controls the operation of the

traction motors 11, the auxiliary equipment 12 and the
10 kinetic energy accumulator device 15 via the onboard

network.

The driver control 39 is a manipulator device that the
driver can move to send a traction, braking or idle

15 command to the onboard computer 38.

A traction command is sent when the motors require
energy, for example during acceleration or on an
upgrade. In this case, the onboard computer 38 commands

20 powering of the traction motors 11 by absorption of
energy from the power bus 7 so that the traction motors
11 generate a traction torgque to propel the vehicle.

An idle command 1is sent if the traction motors 11 do
25 not require energy. The vehicle is either stopped or
coasting.

When the driver control sends a braking command to the
onboard computer 38, the computer commands selection of

30 the braking mode of the motors 11 and feeding of the
power bus 7 with the electrical energy generated by the
traction motors in braking mode.

Alternatively, the driver control 39 is an automatic
35 control device for - sending the onboard computer

traction or braking commands.

The operation of the power supply installation is



20 powering of the traction notors 11 by absorption of energy from
the power bus 7 so that the traction notors 11 generate a traction
torque to propel the vehicle. An idle coomand is sent if the
traction notors 11 do 25 not require energy. The vehicle is either
stopped or coa® i MP AW °he driver control sendspﬁTg$%%9 nd
to the onboard conputer 38, the conput-erz3icenmands sel ection of 30 the
br aki ng node o&egggaﬂgg(%g% 11 and feeding of the power bus 7 with the
el ectrical energy generatéd by the traction notors in braking node.
Alternatively, the driver control 39 is an automatic 35 control

device for senthdlg bherophaar dogonphker Jeaekhom or 1hsakh Nge coimands.
WO 2009/ 003765PCT/ EP2008/ 056403 - 23 - descri bed next. The operation
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equi pment. 10 dihe 98@@@f§1§9UDWM@'é%&@gwﬁeéﬁﬂﬁﬂvsby has ARELSBolOr a
t abl e of energﬁ%values [Tstin for each point on the route of the

vehicle, the FHV TREE St RE g@%i%ﬁ%ﬁ%?qr q&§AHEE™EBE r each the next

station stldp S. in conpliance 15 with the route plan. These val ues

on stdp S, ance e plan .
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stop S., the 202Rfbodl dererputerlus chhttridle dvlr 3y dFoiHe ¥ nEl¢c
ener gy accumiladitfe de¥i €8eliretridief, tiiR abétd@r ¥hegUitpRENtenliZzly 2 he

in-station charging deyice 18 i ch supplies electrjcal ener to

the traction Hﬁ%ﬂ?%eﬁhéocﬁﬁ?§$h@qﬁéV?ﬁéS%§t68pn§§8%n &P68°F89¥ﬂ%c%us

7 by 15 with the route plan. These values are obtained either
by simulation or by averaging values obtained during

preliminary tests.

When the-vehicle is stopped at a station stop Sy, the

20 onboard computer 38 controls charging of the kinetic
energy accumulator device 15 and of the .auxiliary
equipment 12 by the in-station charging device 18,
which supplies electrical energy to the traction bus 7,
the charging device 18 being connected to the bus 7 by

25 energy pick-up means of the charging device 18 that are
not shown.

When the wvehicle leaves the station S, the kinetic
energy accumulator device 15 has available an amount Ewy
30 of energy depending on the route plan and more
particularly on the time for which the wvehicle stopped
at the station stop Sy and the energy available to the
kinetic energy accumulator device 15 on arriving at the
station stop Sy.
35
When the vehicle is between two consecutive stations S,
and Sy on a track portion 21 with no ground power supply
device 19, the wvehicle 2 is autonomous,



25 energy pick-up neans of the charging device 18 that are not shown.
When the vehicle | eaves the station S., the kinetic energy
accunul ator device 15 has avail abl e an amount Ev. 30 of energy

dependi ng on t@e xoaul/eoRhas and nore particularly pfr i digy®skans
whi ch the vehicle stopped at the stati ogqutop S. and the energy

avai l able to the kinetic energy accumil &For device 15 on arriving at
the station stop S.. 35 Wen the vehicle is between two consecutive

stations S. ang, %f%?ieﬁ?gzt h88K, PYLELON el %%P%Qﬁ@%‘ﬂ REWeler PP Y

device 19, the veh I's"alit ononous.
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recovery of the braking ener to s ly t Ki netjc energy. . .
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supplied to theyypementbus th Bndryy tsgailiierl not otlse 1powen bnacti dvy

node, the onboa{edf%ggg%ﬁrmg]‘gofganﬁg.es the 10 supply of power to the
and t [

traction notors 1 e auxiliary equipment 12 by the kinetic
energy accumul ator device 15, which is in discharge node at this tine

and delivers efrectrd @filoreMRI@Y, tthd henpouvel ddiputerl BBehHdsheche
vehicl e rj%ches a tracg porti on, 205&1 ui Qged W th atgrouglg]vpovxgr
supply deviice SF¥PIheCtr RPEET sERAI drted - b§C 5 ¥t gARIPRY i 889 ndie
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equi pped with a ground power supply device 19 to establiSh physica
contact bet wedthiFaidH A FAEERE 2 2 Hfd 1live latenegsast tonepovieewer
supply segnmentbwd4 7i.n line with said pick-up neans 22.

15
Before the vehicle reaches a track portion 20 equipped
with a ground power supply device 19, the driver is
alerted by a signaling device, not shown, to command
lowering of the pick-up means 22. The pick-up means 22

20 aré lowered when the vehicle 2 i1s én a track portion 20
equipped with a ground power supply device 19 to
establish physical contact between said pick-up means
22 and the at least one power supply segment 34 in line
with said pick-up means 22.

25
Alternatively, the onboard computer 38 commands
lowering of the shoe.

The onboard computer 38 implements a power supply
30 process to manage the energy picked up by the vehicle 2
from the ground power supply device 19.

At any point on the trajectory T4, the onboard computer

38 is able to manage circulation of energy in. the

35 wvehicle 2 and operation of the electrical equipment
{15, 11, 12) of the vehicle as a function of:

- the state of charge of the flywheel, i.e. the amount

Evy of energy contained in the kinetic energy



25 Alternatively, the onboard conputer 38 commands | owering of the
shoe. The onboard conmputer 38 inplenments a power supply 30 process
to manage the energy picked up by the vehicle 2 fromthe ground power

suppl y devi ceyd9208%,/@ary74%0i nt on the trajectory ey /kbeooppessshs
conputer 38 is able to manage circul at|p%£ of energy in the 35 vehicle

2 and operation of the electrical equi nt (15, 11, 12) of the

vehi cl e as a fuactwonl ofcr -ddhieestat etlod phﬁm’gepofont hehef [yheeltorly. e.
t he anount Evp of energy contained in the kinetic energy WO

2009/ 003765PCT/ EP2008/ 056403 - 25 - accunul ator device at the point p
on the trajectokthe Bgsitiame ppedi thenvehigle mn ¢@ﬁ|éré36ﬁt@hﬁ Tays

trajectory TXyrthéhﬁmﬂHﬁyﬁh;Ehﬂﬂ%ﬁ&Mg@e%§§§§é¥r§0t§L§H§ rth5

t he tractlgn nn%ors 11 and the auxiliar i 12 as far Eg

next station i n-2onpfFEma® AR Tehd ir 0te g uxi *ﬁ?%ﬂﬁﬁﬂﬁ?mﬁﬁ by Lof

energy that theakifetri asenehgynagtumtlaation ohenn cengdbi raoe mekeh the

available to thg %p ﬁ%%ﬁ{on notors 11 and the auxiliary equi pnent 12
a )

as far as the st
- the amount Ev,, of energy that the kinetic energy

accumulator device 15 can make available to the
10 traction motors 11 and the auxiliary equipment 12 as
far as the station Sy,
- the command from the driver control 39,
~ the maximum current that the vehicle can draw from
the ground power supply device, such as to comply
15 with the predetermined route plan.

In the remainder of the description it is assumed that
the pick-up means 22 are lowered and that the vehicle
is moving on an equipped track portion 20.

20
When the vehicle 2 is stopped at the station S, the
onboard computer 38 controls charging of the flywheel
14 and supply of power to the auxiliary equipment 12 by
the in-station charging device 18.

25 |
The route plan described above providing a sufficiently
long stopping time to charge the kinetic energy
accumulator device 15 completely at the station stop 8.,
the flywheel is totally charged on leaving the station

30 Sa..

On the track portion Rl extending over the whole of the
trajectory Tas, the traction motors 11 and the auxiliary
equipment 12 are supplied with power over the whole of
35 the trajectory Tsa by the ground power supply device 19
as a function of their respective energy requirements.

Referring to the table of power consumption of the



the command fromthe driver control 39, t he maxi num current that
the vehicle can draw fromthe ground power supply device, such as to
conply 15with the predeterm ned route plan. In the remainder of the

description it _is.ass d that the pick-up neans 22 are | owered and
that the vehi cf@ %020%@55365% an equi pped track poPFTé%Pwsfféwgn

the vehicle 2 is stopped at the statien2®a- the onboard conputer 38

controls chargjng of the flywheel_14 a upply of r4o .
auxi liary equ?%&nglnﬁqelZEby Jtiﬁell%n-ssef]eanti gﬁlaﬁha@bél/né’egg\gnmge %SFggglﬁse
route plan desereissd Bbhave theoARf ndgedisuf Fagi entdptvl ofg stomsi nghe

time to charge;fhe kiBetisnener oynpeCURUl ahor wavicge 1o cRmrleekel yn at
the station sto t he fl%}\%heel js totally charged on | eaving the

Sa,
station 30Se. RRTE P K ST 19t FL Eﬁ?%?l%?%@yo #T t ARPSILT: BP*% he
traj ect ory STabghdrhd .teBa&iihonf meter ¢y 1 ktendirduata@xi,) icHr gneqyy poeg 12

are supplied w p r h.h he f .raj gsgto T
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2, it is seen fdnilclteheovehig! ecize r @ikl enesgy that sthheARS:devire
can supply to it .on theahrac section t he vehic

Kk tion R2 only if I
encounters an THEASECctéGefbnt S3HF € Proéﬁeé'c¥8p9l¥h%?gl%%&§es nore 5
than 0. 63 Wh of energy, the anount Ern, of energy being equal to

4.63 kWh. On thefragk seotion Res t %U_”@rggﬁé’er éﬁ&mxy gevi %&9
is able to supply energy to the vehicle viat e'pﬁ)c-up nmeans in
el ectrical contiddebiionk &anl éadteon&ipb&Er tEappERistgneAcoBteny an

unexpected event or it does not.

15 TIf the vehicle 2 has encountered an unexpected event at
the intersection I, it has been obliged to stop before
the intersection I.

When the vehicle 2 stops before the intersection I, and

20 when the vehicle starts and accelerates, the auxiliary
eguipment 12 and the kinetic energy accumulator device
15 are supplied with power by the ground power supply
device 19, On the track portion R2, the onboard
computer 38 compares the state of charge Evp, of the

25 kinetic energy accumulator device 15 to the amount Etgy
of enexrgy necessary to reach the next station stop S in
compliance with the route plan and commands charging of
the kinetic energy accumulator device 15 1if the
remaining energy in the kinetic energy accumulator

30 device 15 is insufficient to reach the next station
with an amount Ev. of energy and in compliance with the
route plan.

This embodiment has the advantage that it does not
35 discharge the kinetic energy accumulator device 15 at a
place where the traction motorsgs 11 are liable to
consume a lot of power. B lot of energy can also be
consumed on the track portion 20 equipped with the



When the vehicle is on the track portion R2, two situations can
arise. Either the vehicle encounters an unexpected event or it does
not. 15 If the vehicle 2 has encountered an unexpected event at the
intersection I, it has been obliged to stop before the intersection
| . Wien the vétfi A09°Z0884pS before the intersecti ofCT/EEAIPSZOSRABA
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Here, if the %%gkghg n%k 5,.an Hngx%egted g%gpwq%lth%quptersectionFI,
the traction nmefordt1MebRE M. a%f Bt S HPPHotRrvi'd AT dhd Hans &Hat e
the vehicle 2ths | arenmdcomsdegnbadppint devheeveh? clanddr ave | kinstaa:

pover from t henghgynd-PONETa PRIk jd8Vh 681 dbtSapiaiy hhe vehicle 2
starts and accel erates, the onboard conputer 38 commands supply of

power to the auxiliary equi pmrent 10 12 by the ground power supply
devi ce 191%herr@as tésbddiasinitonhaet ofise lhdanatayppl tlett wWith goawes hky

means of the geoupdpower.upl y.deviee 13,and, the Jebie SR Ghe

accunul at or dévice taneousl y.
from the ground power supply device 19 as well as

limiting the energy that the kinetic energy accumulator
- device 15 supplies to the traction motecrs 11 and thus

20  limiting the discharging of the kinetic enerxgy
accumulator device 15.

~Providing the ground power supply device 19 at a place
where a lot of power is liable to be consumed by the

25 traction motors 11, here an intersection, limits the
discharging and/or charging of said kinetic energy
accumulator device 15 at a place where it would be
liable to be discharged a lot.

30 TIf the vehicle has not encountered an unexpected event
at the intersection I and the kinetic energy
accumulator device 15 is storing  sufficient energy to
reach the station S.; with an amount Ev. of energy in
compliance with the route plan, the onboard computer 38

35 nevertheless commands charging of the kinetic energy
accumulator device 15 and supply of power to the
traction motors 11 and the auxiliary equipment 12 by
the ground power supply device 19.



15 This enbodi nent has the advantage that it draws a reasonabl e power
and therefore a reasonable current fromthe ground power supply

device 19 as well as limting the energy that the kinetic energy

accunul ator dey egodposyppiies to the traction notgis gbboandobhyss 20
limting the discharging of the kinetic_energy accunul ator device 15.
Provi ding the ground power supply devicé®19 at a pl ace where a | ot of
power is |liable to be consunmed by the 25 traction nmotors 11, here an

i ntersection, it h f_s c
ener gy accurruITJg or g\%&%g tg"% e eﬂfﬂa vﬁ%réﬁyehaa%‘glrpu% ?Yolgeaci JLBK‘I %Ié
be di schar gedaad| ofoxr 3¢-hef t:ﬁ@ameqiﬁ:el @fhathﬂottm@@lmﬂfefr ebbcareither

unexpect ed evepbvabieb hesmfﬁﬁfsse%bgp Apgi ther kineti @heneé@eynt of
accumnmul at O devi Cﬁ 15 i s stori ng su yl ci ent energéht o reach the

station WI FROSACANBUIREPEFSeEf Bt gy n WEnpFF ARt WY h Trhe®F oft e
pl an, the onbbaeelkdovmubér thé aﬁ—meme&bhebaasgmmadscehaBglamg tofe
the kinetic e C a i 1 t he
traction m)torggglggl,oIql £e %%é(‘i‘ ?e%r&?ee %‘?%}@e ]}gup@_%y '{the groun lﬁglmer
supply deviceSg9to V@@Wl@b@?é@ﬁ’ £EP20d8/056103n- 2@UNLTHEE « of
charges t he kiepgkhg.energy accumul ator device 15 and for the

remai nderlﬁf the trajectory Thc either provides surplus energy
avai l abl e*Tn the event of 5 another unexpected event on the
trajectory Théloeraabieakdownt ofhd hechizlst & ilvas chetr gemgpowierdree b at
Lhe station, Pndlotetures,dhe of oppl nopd LTl i Skl Ok Bt ic

charge the fIy an anount ener
Al ternativel y,enPFgfheamlbhaéoz hdsvihee ehTout eﬁéaraﬁgun@ﬁi@a@@t

event at the leﬂéfﬁ?ﬁeﬁbl @BathafgHet Beakwﬁt E€oBNSL Oyi A€ CAMTUARG DIt Obﬁxvg ce
15 is storing sufficient .ener o_reach the station stop w th an
anount Ev%é 15°6f ERereY i c&%?ﬁéﬁﬁ‘é‘aw‘%ﬁlh oulr8ug?an?féﬂ‘{e the
onboard conputsbod8d cowmpnisrsydpl «yomamiwvesupply heft remtdontgottdies

11 and the auxihigfyn eﬂeteggntul?a Ehgﬂ_i&ryen@ ay ﬂ&ﬁynybaﬁo
device 15. Thus no, energy 1 s drawn romt e ground wer suer

device in 20 the tkiR&tisor ©NGFIRp. accumulatox device
energy is drawn from the ground power supply device in

20 the track portiocn R2.

no

When the vehicle 2 is on the point of leaving the track

portion 20 equipped with the ground power supply device

19, the driver receives an instruction wvia a signaling
25 device to command raising of the pick-up means 22.

Alternatively, the pick-up means 22 are raised
automatically when the vehicle leaves the track portion
20.
30

If the wvehicle brakes on the track poertion R2, the
onboard computer 38 commands charging of the kinetic
energy accumulator device 15 and supply of power to the
auxiliary equipment 12 by the ground power supply

35 device 19 and/or the traction motors 11.

On the track portion R3, which is an upgrade in the
direction of movement of the wvehicle 2, the onboard



When the vehicle 2 is on the point of |eaving the track portion 20
equi pped with the ground power supply device 19, the driver receives
an instruction via a signaling 25 device to conmand rai sing of the
pi ck-up nmeans 22. Alt tively, the pick-up nmeans_22 are rais

d
aut omatical |y %@r‘?%l@%%?cl e | eaves the track po?QT@PZé)&.W@%ﬂP% he

vehi cl e brakes on the track portion R2, 2ehe onboard conputer 38

commands char gl g, @kt kg @aﬁ?tcio%m%ﬁf %Xtﬁggug}iéé&ﬁ%dgfi £he 1R ADM; o
supply of power to the auxiliary equipment 1 y ground power
supply 35 devi¥ETrpy afgrsRUipecs r 22Vigie notdor #ng], poyering of the

2009/ 003765PCH \xR20084088408nen 2% 2 HARHL: 381630 pOERA Bi dhest
charging of the kinetic enenﬁ%a chnula%or device 1 agd pomerggg of
the auxiliary REYSTpRENt T4 dNPTHE™ r IEPER nbt ordld 1 T8F of UHbikd T hg
the tracti on rofdpseht and t wetaoxkl i ahgrdiegui phent kiRetdd hosthergy
charging the Qd@%ﬁhﬁa Ner gy, acsynul at or device 15. These two

strat egi es have the advantage of not discharging the kinetic energy
accurul ator device 15 at 10 a location where a | ot of power and

energy are comsiéwed hwd hesdraaelien Mees khdecansmtalyet heupagade.
Mor eover, the gwo_ strateg £s vaqzlhe advant ages ?f cha&giqg tﬂg

ki netic energﬁitle?(?@ﬁﬁﬁf‘a?ojf UebIRE 1S AN Bt G HE AP hgtektes st vt
power frodlt he @p@amdopoubera5asl¢gﬂqf(hameaeab@.eﬁhegyrack ponduned R4
I's a level areg ofnthetdagkn® f6tLAed @S BR-265E! AL LAR arsa-ddy the

route plan. ,
- Moreover, the two strategies have the advantages of

charging the kinetic energy accumulator device 15 and
of not drawing excessive power from the ground power
15 supply device 19.

The track portion R4 is a level area of the track 5
defined as an acceleration area in the route plan.

20 In the track portion R4, the onboard computer 38 can
command either charging of the kinetic energy
accumulator device 15 and powering of the traction
motors 11 and the auxiliary equipment, or of powering
the traction motors 11 and the auxiliary equipment 12

25 without charging the kinetic energy accumulator device
15.

When the wvehicle 2 is on a track portion 20 equipped
with a ground power supply device 19, the onboard

30 computer 38 can use a number of strategies that comply
with the route plan for operating the equipment of the
vehicle and circulating energy in the vehicle. This has
the advéntage of improving the quality of the power
supply installation as a function of the priorities of

35 the operator (drawing a low current from the ground
power supply device, limiting _thé stopping time at
stations, having maximum energy available to cope with
unexpected events).



20 In the track portion R4, the onboard conputer 38 can comrand
either charging of the kinetic energy accunul ator device 15 and
powering of the traction notors 11 and the auxiliary equipment, or of

povier i ng t ey agbi o FMEPTS 1L and the auxi | ar ycaqubprBRyodei s

wi t hout charging the kinetic energy accumul ator device
vehicle 2 is on a track portion 20 eguihped with a ground power
supply device 19, the onboard 30 conputer 38 can use a nunber of

strategies tQ?Eegg th tggnrO%Be pIa31 ﬁ?%ﬁgﬁ éérg?% Thi s

equi pnent of and Citcula |ng
has the advaﬁfé@%ctﬂryﬁ%@OVﬁﬁghQﬁeaqua¢¢kypqﬂtmheI%bwnnngmpglwlth

installati Onaa%r%ufaan bi@R QhLpbhe I%'v%let GES thhe?’%riﬂ&%r%pecf Ater
(dramnngﬁ? 8$/curren fron1tﬁ ground power supply device, [imting
ng-ti

the stop ﬁ@m&?neﬁatlpaﬁglnﬁavingt%xmﬁhn%é?w%v% | 8BLE ©8
cope W th unezpelcirg ewnentsyuipph 2&&%@03;7@15&3@}{ EEEOO8{I€’564&@1%rgy3O -

Alternativel he_ v cl el ra t or ches
¥%§§E& fn %gé k?ﬂ%&?g eng%g accumuhgf dé Ce 1 % he

a track port|on roun supp
onboard conpbﬁémQSlQﬁﬁfiﬁﬁﬁﬁmdstkaEWﬂaq;uﬂetﬂnﬁqm1©m @ptneanélzandnly

on reaching the 8guiPPed, téackomeltt 19N 220, £4:"e LN D5 GANA @edlhn
t he klngidc energ¥ accunul ator devi ce 15 being insufficient Romer

the tract] onABRHIERL aHdFY héhguxEPPARY Eh@ﬁrnﬁﬁﬁe?ﬂ§Q%§ fQﬁ a§ £he
station Sy iopdfatanpliance with the route plan determ ned by the
operator. The route plan of the vehicle is such that: - in the route
pl an, 15- the travel tinme txy on a trajectory Txy is between 30
seconds and 12® radehddanpréf thabvghBolesdsomgish that:

- in the route plan,

15 - the travel time t,, on a trajectory Ty, is between
30 seconds and 120 seconds, preferably 60 seconds;

- the maximum stopping time t.x of the vehicle at a
station stop is between 15 seconds and 35 seconds,
preferably 20 seconds;

20 - the passenger comfort level corresponds to an
energy between 18 kWh if there is no air
conditioning or heating and 132 kWh if there is air
conditioning, for example;

- the unexpected events with which said vehicle must be

25 able to cope include at least one event consuming

between 0.3 kWh and 2.2 kWh of energy, which is for

example the energy consumed by an unscheduled stop of
one minute duration.



- the maxi mum stopping time ta. of the vehicle at a station stop is
bet ween 15 seconds and 35 seconds, preferably 20 seconds; 20- the
passenger confort |evel corresponds to an energy between 18 kW if
there is no air conditioning or heating and 132 kW if there is air
conditioning, for exanple; - the unexpected events with which said
vehicle nust be 25 able to cope include at |east one event consum ng
between 0.3 kWh and 2.2 kWh of energyziwhich is for exanple the
energy consuned by an unschedul ed stop of one mnute duration. - 31
- CLAIM5 1. A power supply installation for a rail vehicle (2), said
vehicle (2) including: at |east on8Laf¥8ti on notor (11) and at | east
one ancillary equi pnent (12) and - an energy storage device (15) on
board the vehicle (2), d onboard energy storage devi,ce (15 bein%

abl e to suppfy B %H? dogtaldationofgrt fadPitdn ViRbEGLe( 18 afdl
said at IeaswebaelantnlIamglmmpnganent (12), and being adapted: to be

supplied wth %'teciéé&‘?' SRer gy, uhen, s:;doql \f.ehl(fife(‘%% ?‘oStP&p N |

station stop ( ..and to cause said vehi c trav on a
track (5) narké&céﬁ%aﬁy TEPANGSt P (8P, said installation being

characterized &a tehatgyt BEot &€ kdéd)ce O SRS boid Itﬂfestvémezle (2),
equi pped track gortl %pkﬁldls osed b%t égltwn ssivegéﬁatlon
stops (Sx, Sy), he™en Chgﬁ th éherg to %b%gd

(15) is able téuﬁﬁﬂaé @@Hﬁvfatﬂoe aa;dsaatd h@a$iea9neome‘apta@ni mntnnt dil)

(11) and/or sahfdabal@ast QNEsARGd Ia%m@gyypggni phdrty Q!
trajectory (éﬁﬁ Pbetwee :ﬁﬁéH:wn successi ve station stops (Sx Sy)

is insuffici 81%%ﬁ% a predefined route plan, each equi pped
portion (20) bepngepsoppaeddmmihhaegﬁcnwihqﬂnmmmusqpp&pndemﬁ@ev@bgple

abl e to power ab) Iggsgtg,ﬂgéh ean._erag t%.tt?l[')ﬁgstgﬁv'(§q (1) and/or said at

| east one tractlon notor (11) sal d | east’ one anC|IIaré
equi pment (12)tﬂh§ﬁu§%lﬁa%%h¥%+% Y%BlQ¥§(ﬁ%ﬁﬂiﬁe§§3ﬂﬁlsépdagFéﬁﬁ
power supply dasrked (d®) ,byamntation stops (Sx) .

said installation being characterized in that:
the track (5) comprises:

- at least one equipped track portions (20), disposed
between two successive station stops (Sx, Sy), on which
the energy that the energy storage device (15) is able
to make available to said at least one traction motor
(11) and/or said at least one ancillary ecuipment (12)
on a trajectory (Txy) between said two successive
station stops (Sx, Sy) is insufficient to comply with a
predefined route plan, each equipped portion (20) being
provided with a ground power supply device (19) able to
power at least said energy storage device (15) and/or
said at least one traction motor (11) and/or said at
least one ancillary equipment (12) when said vehicle (2)
ig connected to said ground power supply device (19),
and

- at least one unequipped track portion (21), Jisposed
between two successive station stops (Sx, Sy), on which
the energy that the energy storage device (15) is able
to make available to said at least one traction motor
(11) and/or said at least one ancillary equipment (12)



at | east one unequi pped track portion (21), disposed between two
successive station stops (Sx, Sy), on which the energy that the
energy storage device (15) is able to nake available to said at | east
one traction notor (11) and/or said at |east one ancillary equi prment
(12) - 32 - on atrajectory (Txy) between said two successive
station stops (Sx, Sy) is sufficient to conply with a predefined
route plan, no ground power supply dewy2ce being provided on each
unequi pped portion (21). 2. The rail vehicle power supply
installation as clainmed in claim]l, characterized in that a route

pl an defines oRMa Braf&eieeirmky LetileeketHeenwoSebRAseclvr i IcaeaSioR
stops (S,, 3y)stagdibhavebpki Bx,. 10N Bs t S@f LDk THY, coRp IRXWHHA a
stopping tine t%édoEith§ v%pkcle ft th% stati%ﬁlstqp ng a gazfen%er
confort Ievel, PXaRRkHaeT ed CorENtR ¥ Hat "Raidd VBRI F27'2) SHERLY h&CXBIE
to cope wth. Beifffiepravidsdhiclenqiowmequippeyd postbdh atdion as
claimed in either of the preceding clains, characterized in that the

ground power _suppl y.device_(19) does not extend_the, whole | ength_of
the track (S?EBegﬁéénv' c&%n§%@ i\ §tﬁ8ﬁ§a&%FFl§? as ¥ 89W8§Iln
vehi cl e powerlalpplly ichetabketisedasnckthatred irpbuaaypbbnt Hefpnesednng
clains, char J i o r . devi .19)
g%&.géb&?ﬂ/ R gﬁg%(tvg%% : %éj ( gg?ﬂ coﬁ%BBhE%QS s%g.tg.gzgt .s't%ps

t
di sposed on qylpped tr between two consecutive
stations (S.fSSy)Yéﬁ whi ch the energy and/or the power liable to be

consuned by sahdcaivébasimens,tsRcd itfhjeeiteiy( T1), is greater than

over the rest of . te. .The il vehicl wer
installation_ag é%%?ﬂ%ﬁyi%t§§§1§p t%gm%rééédfﬁg %ﬁgingéﬁgﬁ%¥aéFérF%gd
in that a groudtapberrssappizy device (19) is disposed on an equi pped

track portion §20)sbetiy@en-dndb60neeeltive stations (S", Sy) on which
the energy and/or_the wer liabl.e to he consuned sai t | east
one ancillary %ﬂfﬁc%%%%) (TGS tl}atsfa-l%grv Qﬁé:g%t h‘% 5\1/152 gﬁeagigt B¢
the route. 6. dbteerwithvehicle power supply installation as clainmed
in any of the preceding clains, characterized in that a ground power
supply device %19),is di sposed on an equi pped track, portion_(20)_ .
bet ween3two CBRsERLLi VEPLEAE BRYSESSUPBLY, 185ERLeqbippedSt Faekmed in
portion (20)ebeheég of ahe upgeas@ing . cldigs, aidharelditelrd zpawen shppl Yhe
instal lation I i 0 p eqy i aracterized
in that a gr%ﬁ%ﬁ%%ggu%u ?’aecfﬁ‘%:{(}%( 1@)%i gio%%sg}gge%&gﬁsgnrtg%u%%%ég
track portiohel2®) BEt ®B&n HEREXC dRdedRtivgens tay GipgseSutiye) s§acdons
equi pped tragk, pa,bion(20) being an

4. The rail wvehicle power supply installation as claimed in
any of the preceding claims, characterized in that a
ground power supply device (19) is disposed on an equipped
track portiocn (20) between two consecutive stations (8.,
Sy) on which the energy and/or the power liable to be
consumed by said at least one traction motor (11) is

greater than over the rest of the route.

5. The rail wvehicle power supply installation as claimed in
any of the preceding claims, characterized in that a
ground power supply device (1%) is disposed on an equipped
track portion (20} between two consecutive stations (S,
Sy) on which the energy and/or the power liable to be
consumed by said at least one ancillaxy equipment (12) is



acceleration area in the route plan. 8. The rail vehicle power supply
installation as clainmed in any of the preceding clains, characterized
in that a ground power supply device (19) is disposed on an equi pped
track portion (20) between two consecutive stations (Sr; Sr), said
equi pped track portion (20) being an area in which the vehicle is

| iable to encounter an unexpected event. 9. The rail vehicle power
supply installation as clainmed in anyaof-the preceding cl ains,
characterized in that a ground power supply device (19) is disposed
on an equi pped track portion (20) between two consecutive stations
(Sx; Sr), sai dregueppelter retoke gdre inest20ferhendbwiee cont i nuously over a
track portion in which the vehicle is |iable to stop and then restart
and accelerate 10...The_ve |cIe ower ggpl instal |l ation as ¢l ained

in any &f t h&Ppr EB&di NEPEFAPMSO 8F€arséﬂé’P tF‘E‘xl?ﬁi'a?naﬁSoﬁBBé?‘ﬁd in
conput er ( 38xngontf olthet hprepedatg ora:latmtshe diectiadadlzedquipmeriat 14,

12, 15) of t i tg

t wo su)cce55| Qfdsﬁtqgt (!())‘ﬁesla 155 ?gfevﬁc (EB? %&%fﬁéﬁéé’d &Byﬁ\)ﬂv\gﬁﬁ Q
pi ck- up nean§r{ek) P%%Oflur{@worbe&fveeﬁew |%ﬁ?§%&ﬂ&n@t%on8th s
state of chagge dfaildheduippbaetratkepottornot beMpgobneaar @ygrade .
contained in the energy storage device (15) at the point p on the
trajectory Txys the position p of the vehicle on the trajectory Txy,
t he anoldnt ETeRekrgyln¥ebisieyprpvepoRippie inshsllahiomt 8fsclaipedndn

the anci | I arynequimdnent (plﬁéc@e&ﬁg?lr c@éﬁnbe naxdraxicaldiged Nigomdange
"with the route

t h that_th
st or age deV|€E°Y€%)P%¥ﬁFré%é% %FW&SEy gg)?ﬂ§r$¥ %%%Cﬁgﬁgpgagiﬁyed
and the anci ttracky pqutpuent2012be&yeéarUmptdumsamwmnwa Sratiohe (Sk;
command frongtihe dubyar c@fiigled 39kyackhe mlraﬂﬂ Cyphpnt gty { Ngn

vehi cl e can dﬁaM/fronlthe ground ower supp device (19).
power supplya?ﬂ%%%ﬁq%&QQn?Qﬁé cPaitREd *PHEE Nt # ecedi ng clalm
characterized in that when the vehicle is connected to the ground

power syppl yqugV%gfl(%giuéﬂeOEg?%Ed ﬁé@??t ¢h (:éﬂaéfox?dé;? %9&1%@86. 157

control the su ower t i cal "equi pmrent

of the vehi c%Ybnyt héhgr(RFFFEF%‘Wé? shppms. déxhae@c(crag)lzeﬁ stizh that a

manner as: ground power supply device (189) is disposed on an eguipped
track portion (20) between two consecutive stations (Sy;
Sy), sald equipped track portion (20) being an area in
which the vehicle is liable to enmcounter an unexpected

event.

9. The rail wvehicle power supply installation as claimed in
any of the preceding claims, characterized in that a
ground powexr supply device (19) is disposed on an equipped
track portion (20) between two consecutive stations (S.;
Sy) . sald equipped track portion (20) extending
continuously over a track portion in which the wvehicle is
liable to stop and then restart and accelerate.

10. The vehicle power supply installation as claimed in any of
the preceding claims, characterized in that an onboard
computer ({38) controls the operation of the electrical
equipment (11, 12, 15) of the wvehicle at a point p of the
trajectory (Tx) between two successive stations (Sx) and



to assist the energy storage device (15) to power the traction notors
(11) and the ancillary equipnment (12), O to power the energy
storage device (15) and the traction notor (11) and the ancillary
equi pnent (12), or to power only the traction notors (11) and the
ancillary equi pment (12). 12. The power supply installation as
claimed in the preceding claim characterized in that the ground
power supply device (19) is segnented3kongitudinally into power
supply segnents (34) separated by insulating segnents (36), each

i nsul ating segnent being supplied with electrical energy - 35 - only
when it is idgwhe atg/ drootpei ntowdring edhi plek(®) . me3ndhe (2a) | as a

vehicle pOWBEuﬁ@EQbM bﬂstﬁé|ﬁﬁlrahﬁﬁ§‘ﬁa&bﬂ@@ek@ any of claims 2 to
11, characterl Q éhat t he nﬂﬁ&g“gﬁﬁ- e travel tlne t' ¥

a trajectory T §°H ?m%%n YT?Ge econfls; “PE NP rﬁﬁh
stopping tine Dﬁ/ euérgrlecovre&amei dm &ist aneogysboprage bt (%) at

seconds and 35t§@c€8g§t ptégagﬁgﬁgy& %Et%% @rt | evel corresponds to
an energy betmeen t he. unexpect.ed”eveénts with which said

vehi cl e nust “b&EM SbP‘éS'}Bl%@ I dhfdeeRiclease b EAIRCE IS Fring
bet ween 0. 3 kWihandaBo@n& WEQ], eﬁﬁrgyneﬁgy Anééééﬁﬁﬁan&ﬁﬂrkxﬁ&ﬁ{EEhe

travel on a tracR oy e G AE TR el s R Y e AARGER Q) as
vehicle (2) befdy %pﬁh%dnﬁic’éhsﬁé\ﬁépnbyma Wl@mplwlﬂnsthel FoLsa
according to apya®f the preceding clains.
- the amount Evy, of energy that the energy storage device
{15) can make available to the traction motors (11) and
the ancillary equipment (12) as far as the station S,
- the command from the driver contxol (39),
- the maximum current that the vehicle can draw from the
ground power supply device (19).

11. The power supply installation as claimed in the preceding
c¢laim characterized in that when the vehicle is connected
to the ground power supply device (19) an onboaxd computer
(38) is adapted to control the supply of power to the
electrical equipment (11, 12, 15} of the vehicle by the
ground power supply device (12) in such a manner as:

- to assist the energy storage device (15) to power the
traction motors (11) and the ancillary equipment (12),
or

- to power the energy storage device (15) and the traction
motor (11) and the ancillary equipment (12), or

- to power only the traction motors (11} and the ancillary
equipment (12).

12. The power supply installation as claimed in the preceding
claim, characterized in that the ground power supply
device (19) is segmented longitudinally into power supply
segments (34) separated by insulating segments (36), each
insulating segment being supplied with electrical energy



13.

14.

_35_
only when it is inside the footprint of the vehicle (2).

The rail wvehicle power supply installation as claimed in

any of claims 2 to 11, characterized in that in the route

plan:

- the travel time +t,, of a trajectory Ty is between
30 seconds and 120 seconds;

- the maximum stopping time t,. ©f the vehicle at a
station stop is between 15 seconds and 35 seconds;

- the passenger comfort level corresponds to an energy
between 18 kWh;

- the unexpected events with which said vehicle must be
able to cope include at least one event consuming
between 0.3 kWh and 2.2 kWh of energy.

A rail transport system including a rail vehicle (2), said
vehicle (2} being adapted to travel on a track (5) marked
out by station stops (Sx), said rail wvehicle (2) being
supplied with power by a power supply installation
according to any of the preceding claims.



