WO 2009/ 003765 PCT/ EP2008/ 056403 POWER SUPPLY | NSTALLATI ON FOR A RAI LWAY
VEHI CLE The invention relates to an installation for supplying electrical
energy to public transport vehicles 5 enploying electric traction. There is
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to board and alight. The onboard power supply device of
15 said streetcar is charged by a device external to the
vehicle located at the station stop. When the vehicle
leaves the station, it operates autonomously, with only
the onboard power supply device powering the traction
motors and the auxiliary equipment (air conditioning,
20 lighting, etc.) of the vehicle 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 S,, 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 vehicle wused for the simulation also includes
auxiliary equipment comprising all wunits consuming
electrical energy that do not contribute to propulsion

of the traction vehicle, for example onboard



WO 2009/ 003765 PCT/ EP2008/ 056403 - 2 electronics, lighting, heating,
air-conditioning conpressor notors, passenger information systens, etc.
The maxi num power consuned by the auxiliary equipnment is 63 kW for exanple

when the heating, i ing at 5 maxi num power. The, abov ' i on was
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to operate th&efined by station stops Sy, Sy. The trajectory of the
vehicle starting at station stop Sx and traveling to
station S, 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 1is 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 1is able to supply to the auxiliary
35 equipment over each trajectory between two
consecutive stations in order to operate the
auxiliary equipment.

- Unexpected events, which the vehicle must be able to



auxi liary equi pnent. - Unexpected events, which the vehicle nust be able to
WO 2009/ 003765 PCT/ EP2008/ 056403 - 3 cope with on the trajectories between
two consecutive stations. Unexpected events neans events that the vehicle
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The | evel of todlordr requraeti dyjdhe operator is equivalent to a node of
operation of the auxiliary
For example, the operator may require the vehicle to be
capable of unexpectedly stopping once between stations,
15 restarting and accelerating to its <cruising speed
without its performance 1in terms of 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 Dbetween 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



equi pnent in which it consunes 63 kWover the whole of the route and thus
over each trajectory. This node WO 2009/ 003765 PCT/ EP2008/ 056403 - 4 of
operation is equivalent to an energy Eaxy expressed in kW consuned by the
auxi liary egud pner/@Erci he trajectory Txy equalPATyHREG08 BFH 403 xy/ 3600,
where txy is expressed in seconds. This node of operation is 5 equival ent
to operating the heating systemat the "maxi numsetting. - The operator
recommends copthgopgtdt ivrexbect@di evkents tasaneseeidpedEan gxaelssker ei naft er

wi thout - degr adin0yuRPELALLARY RAUERLNGWLHS 1RGOV SYoNMn@ SUEP! Uel0 ener gy

Esxy of 2.2 k over an ove t’he energy consune e traction notors
and the auxi | itafdiedpiipnbnt adved tihe Eaaj sctdry Fxy' 360 Gr avied e’ tinder

normal operatifng SONAdd QNSin -5 JAeh dBXITHAE SRR NG A | M@t iidh the station
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ener gy Ebxy consune y tthe traction notors an € auxiliary éequipnent to
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normal operating conditions.
- The maximum stopping time tax in the station Sx is set
15 so that the flywheel <could always Dbe 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 S, empty, with zero

20 arrival energy Ev,.

During the simulation, the applicant calculated the
energy consumed by the equipment of the vehicle to
travel the trajectory Ty, between two successive
25 stations Sy and Sy complying with the route plan defined
above:
- the energy Emyy, consumed by the traction motors,
- the total energy Ety, that the equipment must have
available to cover the trajectory Ty 1in compliance
30 with the route plan, where Etyy, = Emyy, + Eayy + 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 T.y has an average gradient P,, (expressed

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

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



35 The trajectory Txy has an average gradi ent Pxy (expressed in o) and a

| ength | xy (expressed in neters). It can be seen clearly that the energy
Enxy consumed by WO 2009/ 003765 PCT/ EP2008/ 056403 5 the traction notors on
a trajectory Wixy2oepeonus’em the track profile on siT/REpA)ECA@FGLENd in
particular the gradients and the distances to be travel ed on those
trajectories. 5 By track profile over a trajectory T,ty is neant the
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traction notogs t2QQveprbhe1ET &) RGE ORI ey &, TiTLy the respeet ity | engths
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Lravel s Mosg,{LASSLOLLESILD LD LERBERHLVE. L1 IR (2D WLDR: sengifly OV 1
that are not very different but with average gradients
that are very different, it is found that the energy
Emeg consumed by the traction motors is much lower than
15 the energy Emi;. The energy consumed by the traction
motors is greater i1f the track 1s on an upgrade over

this trajectory.

On comparing the energy consumed by the traction motors

20 over the trajectories T4y and Tiy the respective lengths
of which are 423 m and 888 m and that  have
substantially identical average gradients, it is found
that the 1longer the trajectory, the more energy 1is
consumed by the traction motors.

25
It is found that the energy Eba,, Ebrc. and Eb;; that the
power supply 1installation must be able to make
available to the wvehicle to power the auxiliary
equipment and the traction motors over the respective

30 trajectories Ta, Tpe and Ti; so that the vehicle travels
those trajectories in the respective times ta, tpe, tij
set by the operator are greater than over the rest of
the trajectory of the vehicle. The trajectories T.pn, The:
Tiy respectively have a steep gradient, a long length

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

The energies Eba,, Ebre and Ebjy are all three greater

than the energy that the electrical installation can



the trajectory of the vehicle. The trajectories Tab, Thc, Tj respectively
have a steep gradient, a long length 35 and a | ong average length and a
steep average gradient. The energies Ebab, Ebb, and Ebll are all three
greater thamWCt R®OEHEOFY cthat t he el ectri cal i nstalPCat/iEeR 0d&n OBO42009/ 003765
PCT/ EP2008/ 056403 - 6 nmke available to the traction notors and the
auxiliary equipnent over the trajectories Tab, Tbc, Tj. The energy that
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Et,y for thewhehieClof tthet ravel bt when viend cseccessive 20 stations in
conpliance with the route plan only on the trajectory Thl having a short
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not encounter unexpected events on those trajectories.

15
Moreover, it 1is found that the prior art electrical
installation is able to make available to the traction
motors and the auxiliary equipment the necessary energy
Etyy for the vehicle to travel between two successive

20 stations in compliance with the route plan only on the
trajectory Thi having a short length and a steep average
downward gradient and for which the energy Etp; is less
than Evy;, 1.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 Ty, with the exception

of the trajectory Th;.

30 The applicant has usefully shown that the prior art
electrical installation does not enable the vehicle 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 profile 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



vehicle and in particular over the trajectories between two successive
stations on which the track profile has 35 a long length and a steep
upgrade. One object of the present invention is to propose a rail vehicle
power supply Waisz@b$ a0 dhoTapabl e of WO 2009/ 003765PCIUE EFRODBI HGE2D3 - 7
suppl ying sufficient energy to said vehlgle to enable it to cover a route
in conpliance with a predetermned route plan. 5 To this end, the invention
relates to a w@lympbyffunwatl ariegrg f otoasedid wahicle, tgaiethakdls cl e

ncluding: - AL | gashy80e f ragion oLl gL | AR 008 oAU i3Iy

equi pment, and an energy storage |ce on board t e v e, said
onboard energ?o%t%r@b%ndeV|ce bei ng able to supply power to sald at | east
one traction motor and said at |east one auxiliary equipnent, and being
adapt ed: 15 - to be supplied with electrical_ energy when said vehicle is
st opped at a ERattéd tth, BRE 1Vendd@de BalCeai FOvehi BPESEo SUPR/Sl on a

track markedi®sitaPyasiahi Ot ops, sabéli nstahlatépn being charadierized in
that a 20 grou%ﬂ $omer supply device is installed on at |east a portion of

the track bet successive station stops if the energy that the

energy storage devicg£r i Seablte d0e Mk @@l ahbeotko asdi dtat 1égast wonre
traction notor and/or d at 25 | east onecfuxiliary equi pment on a

trajectory T,y betv%té’ﬁlajtﬁ)r%ﬁ%@s%r?% Lst#HF on stops is insufficient to
conply wiltth a predefamedneegte stplmyge saedige ownd pmvest 5hppwphiBMQxebeing

able to power at 'esa§ 8ﬁ§o§f§rgé{e§&§?ré‘98r98¥' G8vRLe3Beitlgd Bh e Gt one

traction notor or Sal
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 1s ‘installed on at
least a portion of the track Dbetween two
successive station stops if the energy that the
energy storage device is able to make available to
salid 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 said 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



one auxiliary equi pment when said vehicle is

supply device. In particul ar enbodi nents of the invention, the power
supply installation has one or nore of the following features, separately

or inall te i ible conbinations: aro i n a
tra}ectory Tﬁ@ﬂhgﬁg%é%@?ﬁéémo 2009/06376% PZT/EP208%?B§%§%%9§{62§§?§0
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- a ground power supply device is disposed 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 traction motor is greater than over the
rest of the route;

- a ground power supply device is disposed 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
the rest of the route;

- a ground power supply device is disposed on a track
portion between two consecutive stations, said track
portion being on an upgrade;

- a ground power supply device is disposed on a track
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
portion between two consecutive stations, said track
portion being an area in which the vehicle is liable to
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
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 stations and/or

n;, - a ground power supply device is disposed on a

20



portion between two consecutive stations, 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 s&@t&@gi{%ﬁgi 5track portion extendingpg?pé%§§§g§6y6gq§r a

track portionin e vehicle is liable to stop and en restart 35
and accelerate; - an onboard conputer coftrols the operation of the

el ectrical equjpment,of; the yehicle F ANt 5P of tehe ~+hid) egEory, Xy
bet ween two successr}%wve lst‘-’Qt ioongéand/ d 5007 Bodred PET;LEP2008/ 056403 - 9

the | owering 6Plprekngpeaeametassa function of the follow ng parameters: -

the state of charge Bypeofkthhe Qﬂ?rgMa§%Qr@ﬁﬁ_cﬁﬁVﬁﬁ@ a8hetBe RQIdHage On the
trajectory Txy, 5 - the position p of the vehicle on the trajectory Txy, -

the anount EtPy of d@hkfgy2hetsBrint ob poetleherai®aee¥vnlmot ors and t he
auxi | i ary sequi pment ashéaposasibhepnext thkakiedn dle CRMHHeaRGe Mddbihe route
10 plan, - the amount EvPy of energy that the energy storage device can
make available to the traction nmotors and the auxi liary equi pment as far as
the station Sy, 15 -thbeamounangtf) o dhe rdfy WRIcea@nimolto pdwa rEd num
current that the vehicle can draw fromthe grqund_ power, supply device; when
the vehicle is conhE2ted°F o™P 8r§raﬂﬂd%b8w€P‘13&85 ye@@ﬁ9§§% n %Bn d
conputer i s adaptedst aheontagxal s2&tide sSuppdompdfigrowerwioht heeelmuttrd cal
equipnenﬁlpf t he vgbgﬁle by the ground power supply device in such a nanner

as: - to‘assist the energy storage device to power
- 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 equipment,
25 or
- to power the energy storage device and the
traction motor and the auxiliary equipment, or
- to power only the traction motor and the
auxiliary equipment
30 - the ground power supply device is segmented
longitudinally into power supply segments separated by
insulating segments, each insulating segment Dbeing
supplied with electrical energy only when it is inside
the footprint of the vehicle;
35 - in the route plan:
- the travel time t,, of a trajectory Ty, 1s between
30 seconds and 120 seconds;

- the maximum stopping time t,x of the wvehicle at a



the traction notors and the auxiliary equipnment, 25 or - to power the
energy storage device and the traction notor and the auxiliary equipnent,
or - to power only the traction notor and the auxiliary equipnment 30 - the

Jegmont & sepal At B RIS FERI ot Tng. Seaments, each | et Al POCRLGREHRS bt ny

supplied wth eI ectrical energy only whelDit is inside the footprint of the
vehicle: 35 in Shefoute ghajy pedieed Ay Chelbills tag Ofs B Leahget oy Txy

i S between 30 seconds and maxi num stopprng tine tax of
the vehicle at a M® 20094993365 P@WEPEDOB/IQS’@AOS COrre@posidgt i ¢19 stadp i s

bet ween 15 secon a n confort |evel corresponds
dé’“eﬂ?%?’éivm %ﬂgfs kwﬁvﬁncﬁ) §§% O

to an energy betwe e unexpect ed events with which
sai d vehi cl e ke benezpastedt 8veBpe WhshudBish Is@ast Vehd Cdeemustor®uni ng

between 0.53 kWizgnd 2.2 E%eOflr?crlGIcﬂé’ atherdqwentdren al8Rt PrHARS &y I ai |
transport system including rail vehicle, said vehicle being adapted to

10 travel on a PeEERSHEY k%dk%ta‘b‘il/ Statkeh Qt oPRerS%id rail vehicle being
supplied with power by a power supply installation. The power supply
instal lation ﬁf the invention_has the 5 advanta e of belg\g est hetl cally
pl easi ng as thefe ﬁ%vﬁ{btlodbw@llsgup%??/vbée%vér héé‘d | i hE2BRPReEn §

station stopsncihdithgi &8 racieashhgly, i ma@ﬁt &t iic et Mr@erﬂoerp&ed Hu s
system i 30' es€£gggil y than a round ysSt em instal |l ed, all

2 ong t h G oubESERLt 8 vaniie X RREREEh culte Bt Ahihl v SERBR al 191N, of
the i nventi onrahas vmadwarﬁeagfg ofsupminled ngiwht hpbherrolujze Pl grower

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

stops, which is increasingly important in town centers.

This system 1is 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 consecutive stations.

The vehicle power supply installation of the invention
also ensures that service 1is provided even 1f the

30 vehicle encounters unexpected events.

The invention will be better understood after reading
the following description, which 1is 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, 1lists the energy consumed

and supplied by the equipment of the vehicle over a



defined by the operator regardl ess of the geography of 25 the trajectory,
i.e. the profile of the track between two consecutive stations. The vehicle
power supply installation of the invention also ensures that service is

provi ded evenif hi cl e encount ers unexpec nvention
wll be bettewb 2gers ggaggfter reading the follom%ﬁg ggg@@? §§§OBMM chis

given by way of exanple only and with-rkference to the appended 35
draw ngs and tabbgeol LMkeng A CofleS el A LA £OCLOY CangTed, DY (he
e ener

vehicle, already partly describe | I'sts gy consune and supplled
by the equi prenhad egheutehicisé agionsa MOVLeGY/ 6037é5 RCT/OEPZO087 056403 -
11 route extending fromone station Sa to a station Sk marked out by
stations S, where x'="b, ¢, d, e, f, g, h, i, j. - Figure 1is a

di agrammati c Fepi@4sat atd onisf & vé‘r%a&rlaéﬁsaqlr?théeEF?F?GBétFﬁnrret%‘?s of a

transport 5tracksangdtibgsdiigpogid i a0t ofubibe i6r Qrxk POVBE SUPPEInsHiem ce
formng part of the power supply installation of the invention over the

route of the vehFefé 2B8t wdén IHPtHi¥h <h BRE OREUSHafoNFISISUPRLY Figure
2 is a functionaévbteckodimaghamp2aft copoves psuppl wup@ﬂtyalireéﬂmaﬁldrhe

invention with a_vehjcle, ated on a track portion a ground
power supply deffc ph%alﬂnY? gko%or?Y%ﬁ th%quf%%%% Bei 'ﬂﬁgdjéﬁ%ﬁguﬁ track
portion with nobgtmeed pbmstaﬁEOﬁuﬁplamdjeuhe:estaﬁtmrr eS¢l represents the
track pr le 5 oye [ Qut e he vehi e fr he stat ion Sa to the
station %& Fl9rack lﬁoé%hgu ﬁ%oaP rﬂéi % thon ?eﬁ%@ggﬁted in
figure 1 is adapppﬂytanamahﬂqumnlshbrthgednﬁenﬁmmgywibh Bhevehicle

situated on a track portion equipped with a ground

power supply device, said track portion so equipped

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 Sf 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 Txy.

As shown in figure 1, in a manner that is known in the
30 art, the station stops Sx, Sy 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 Sy and electrically connected to said



equi pnent of the vehicle in order to supply sufficient energy to the
vehicle to conply with the route plan 25 defined above over the whole of the
route of the vehicle regardless of the track profile over the trajectory
T,Y. As showiOi B0PRGGP8785 in a manner that is knoRAT/ARPRAES8/806408, the
station stops Sx, S, adapted to allow_ passengers to board and alight are
equi pped with an in- station charging device 18 represented in dashed
outline in fichargihg 88vRBgei.n-station charging device 18 is neant a device
for charging an energy storage system 15 and powering auxiliary equipnent
12 when the vehicle is stopped at a station stop Sx and electrically
connect ed t 0TH&i d aNB 09/ HOI7EGE PCEVERZ008/ 0564684 - the caaxylhgrdevi ce.

The energy stef,agfesyst em larand Lhecauxtbharyn egygaﬂgntzﬂaﬁae §epresented
in figure 2 and_are 5 explained hereinafter. According to the invention,

the el ect?i c&FPlALNEA BEr6AN2IEKEFUdes a ground power supply device 19
equi ppi ng the equipped track portions 20 of the trajectories Tab, Thc, 10

Tcd, Tef, Tij, T Kk, said ground power supply device, 19, bein dapted to
Suppl y t he VBRCEFE RO 5o W AN o AP oL P a1 G r BORT A bheh a o r ack
portion 20 equdipped @i tdraaid gowendspppey skeppky devieguitiasy €lescri bed
in nore detail hereinafter. An unequipped 15 track.portion 21 is portion
of the track SSWPPAINGTE $b&ﬁﬁtﬁéﬁg?;§ﬂ6b§yg%%v€5%3§§£oﬁ§e§u%ﬁVyi g’ t he
vehicle W thTeecled,cal;senel,gy ismidregndbupowgawsy t bepelectdevdale ef@i pment
of said 20 icle, . T re_precise h r.ound r : ice 19
i s adapted téggg ra?%étgﬁegg§ g?@ﬁg e E?%tgﬁg”fggatﬁg%gux$rgg¢%lg§%ipnent
12 and t he t eaetrigon wintor ¢t 1ils traveling over a track portion 20

equipped with said ground power supply device 19 as

described in more detail hereinafter. An unequipped

15 track portion 21 is a portion of the track 5 with no

ground power supply device 19.

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, 1in 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 torque and are adapted
35 to charge the energy storage system 15 on board the

vehicle 2.

The remainder of the description describes a system



25 The chosen | ocations of the ground power supply devices 19 in the first
enbodi nent of the invention are described next. As described in nore detail
hereinafter, in the 30 enbodinment shown in figure 2, the traction notors 11
of the vehid @¥ ¢&/ESi bl e. They are adapted tRCTOFRAIE /(6 Lohsuner
node in which they supply traction energy _to the wheels 4 of the vehicle 2
and in generator node in which they generate a braking torque and are

adapt ed 35 termghargiend he ersfrigyl st eqagepsystwhtisaon ¢oeard henewdhi cl e 2.

The remai nd e IJ pLiQAa: i S é{)&% 0
PCT/ EP2008/ S%tG%%éQ- d%?%ceorr%!r)?gil%g?'g&vgﬁiscl%e )é%igg%g\g W th gn%§%%gar d

energy st ord§Pdevidayicensi Jhiengpetsanki pktiéednetyy Honerrtsupply devi ce.
The person skidded, i nkhbg apbuw Iy  readhidde knoys howkt ek epl agaelliys kinetic
energy 5 accunul ator device with a supercapacitor- or battery- type device.
The vehi ¢l e HSHYL TS uABTLER tHidite e FVASTOARFES HTe  BF abit§Sener gy Ef xy,
which is thecghergyvidat the 10 traction notors 11 are able to supply to
the flywheel on the trajectory Txy to charge it. The energy values Efxy on
the trajectories Txy were obtained by sinmulation. The energy Erxy is the
real energy Thatvéheceéeehergyl cbnmsurgttdldnatt apileruskiubeiabladee sheply to

the vehicle 2 in _conpliance with the. route pl.an on the trajectory Txy, a
br aki ng ener%@a@f&% %eﬁ’ggyus_ o cvﬂ?al %}é the frﬂﬁmee S tﬂ?@%r&%‘getory
Txy. Erxy = tBtagtiokfmygtor201ln drive ebbeditwestupgdscridedhet ifé yeduaiepped
trajectories _are_t I 3] ortes  Tab d, v o d] T] whi ch
t he energi es Er %ﬁ,e E?Lbaée%é‘r%%é] %?Yeft,o E‘F?%—Pg%r j-[(li: 'arTe %ﬂ aﬁ%?gyt ﬁ)ér%%{éﬁe
ener gi es EvabixyEobcthevtdajEoedbri€ys [yy Rgte ipdteined 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 Efy,, being used to charge the flywheel on
the trajectory Tyy.
Ergy = Etygy — Efyy.
20
In the embodiment described, the equipped trajectories
are the trajectories Tap, Tbe, Tedar Ter, Tij, T3x on which
the energies Era,, Erpe, Ercs, Eresr, Eriy, Er;x are higher
than the energies Evai,, EVpe, EvVed, EvVes, Evij, Evsx that
25 the onboard flywheel 15 is able to make available to
the vehicle 2 on the respective trajectories Tap, Tpe,
Tcar Tessr Tiyr Tk

Figure 1 shows only the trajectories Tan, Tbesr Tedr Tet-
30
The energy Evyy, that the kinetic energy accumulator
system 15 is able to make available to the vehicle 2 on
a trajectory T4, 1is 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, i.e.
4 kWh, Dbecause the maximum stopping time tay in a
station stop Sy is sufficient to charge completely the

kinetic energy accumulator device 15.



25 the onboard flywheel 15 is able to nake available to the vehicle 2 on
the respective trajectories Tab, Tbc, Tcd, Tef, Tij, Tjk Figure 1 shows
only the trajectories Tab, Tb,, Tcd, Tef. 30 The energy vay that the

ki netic energMO ?gggybﬁgQé system 15 is able to nagngg @?/85%90§he

vehicle 2 on rajectory"Txy is determ ned by the rou an-and " here is
equal to the HBX|nun1energy that the kineti€ 35 energy accunulator system 15
is able to store, i.e. 4 kW, because the maxi mum stopping tine tax in a
station stop Sx is sufficient to charge conpletely the Kkinetic energy
accunul at or deyperd 1POWAD 200 0037681 PET/ BEF2088¢ 056408 fore] prayi power

supply deV'Ce§u€§1ééet5895€5958np598b§e€n Q%E%hgﬁst%% ghat 1tan & opH 0N
portions of the track 5 of he trajectories Tab, Tbc, Tcd, Tef, Tlp, Tik to

supply the 5 QQﬁléFéJQCﬁPFheﬁoﬁsx en Tauri deon Yihe tradie Fomnloh B

equi pped W t hyspi d18" QuﬂﬁitHO%{ke%UQﬁbﬁ deVviige ohd.thdh fRfdd @i iorg 4y ound
power supply device 19 equi ast a gortlon of the tr gk on a

trajectory T, ?quiﬁp%%tVéEﬁ ?ﬁbdc%ﬁ%%EﬁtPQ% 5t 5¢PRhE SRVWRPch ot he energy Evxy
that the kinetic energy accunul ator system 15 is able to nmake available to

the vehicle 2_is |n%uffh0|ent to po§er t he tract. onantors 1 and the
auxiliary eqUlpREAtE3 g cdhpPt QR RPWﬁHﬂﬁ?QQﬁM BY &ne défi PSS by the
operator. As expllaassd an porteialet afl tier etmatkergn t he tgn'a)}nmﬂ:ommrw supply

devices are preferablx. nstabled on Lrack - pordi gns it hi ehet he dygpti on
/ or e Pe"‘f

motors an auxi | rary~equi prent are o Consurre Ty power
than over theEvgsttivit t hbet rkjredtior yendogpe ammulptrt@m seystenyr dand power

suppl y devi ce, 9. peel pabl Yva99ubhs Ror thans. af; e A rack i a0 gt ade in

the direction of novenent e vehicle and portions of
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 portions 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 1is 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 Er,;, that the installation must be able to
supply to the vehicle is 9.51 kWh, which is more than
twice the energy Evay,. The whole of the track 5 between
35 the stations S, and S, is therefore 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 Sy, is on



25 the track 5 on which it is highly probable that the vehicle wll
accel erate and/ or nmake 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 ovg @5:9%16%5 Iength of the trajectory,da PLTF]PZ?@@@@@% Er ab

that the installation rrus be able to supply to the ve els
which is nore than tw ce the energy Evab -The whole of the track 5 betvveen

35 the statiopgepa;@ndogb ig, t h%&\;‘ﬁ t t%HI p% W & @t gEound spowsy. suppl y
a

section. It is |rrportant to note e track portion Rl equi pped with a
ground power tEpPEYOHEVIi Be-19Thet vedha¢det stia¥d®hs B dite SwHRSGFaND

2009/ 003765 PEI+EPZDOS/ Q26403 - LB e\éeravep@rpnaangltmgr@d?owart heigliection
of the traj ectory Tab. The adj acen%D track in the opposi dlrectlon i s not

equi pped wi t K38V §FBURBCABARK tslﬁpﬁlrkadé\ﬁ cn b@@aegereﬁé goypgragieonnan

overal | dwgfﬁgedhﬂeétibﬁ difr eeld Gﬂagfectﬂaﬁcy raj.echan¥céha. tAdjckeendn tracks
on which the ve travels |n§ép ite.directions are not both equipped,

whi ch rmakes 2 b% SI S Yo!'prbpo SecbRoPRAS st BAFeEBLRE & gy
requirements pbtt bet\hequjlepm t hehidh apageer Vi tTapo s b hé ghoberaisssd he
upgrade is partrcu lg itee%) on this trajectory. The notors consune a
great deal of %n%?%@or% i 1r%ll]“ectory to supply potential energy to the
vehicle in addltlon to 15 the kinetic energy necessary for it to nove. A

track port %tn\%%%Bt h?e%ﬁﬂ%rﬁ@ﬁ%§b %r}d h%_sc |sti1cq%gd %tht%eground

power supp y devr ce ecal raj ector ener gy Evbo
that the 20 kinajéctenergyaaccamsl atlrolrghsysbenamSecarthmkeuaqaiadabl gsto the

vehicle on theatfakeelply ThCeLs |83S Lhal ! ReajeRerGy {hahd hadlad ri cal
instal lation st ke avai |l e the vehicle to cover the
trajectory TBENpwNgoRrplIzere deah tdfe ?@@rr@ymo@n.thls trajectory to

supply potential energy to the vehicle in addition to

15 the kinetic energy necessary for it to move.

A track portion R2 between the stations S, and S. is
equipped with a ground power supply device 19. Because
the trajectory Tp. is long, the energy Evy,. that the

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

25
A track portion 20 between the stations S, and S. is
equipped with a ground power supply device 19. This
track portion R2 extends continuously 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 Tpc is 4.63 kWh, which is
35 not very much higher than the energy Eve. that the
flywheel has to make available to the vehicle on the

trajectory Tyc.



25 A track portion 20 between the stations Sb and S, is equipped with a
ground power supply device 19. This track portion R2 extends continuously
over the entire length of the intersection | and to either side of the 30
i ntersectionWb. 2THé/60&7gy t hat nust be avail abl e PETVBE®2008¢ D564 03n0t Or s
and the auxiliary equipnment to conply_with_the route plan on the trajectory
Tbo is 4.63 kWh, which is 35 not very nuch higher than the energy EvbC that
the flywheeByhdstesseake cavdisl alslaett @t lerasehiclwhiorhthlee stagettary TbhO.

VO 2009/ 003763 1R T/ 5?399&%(051649&3(1; Js‘éidBytH‘&gr%%C_L oM | $p{EARL, agcarea in

which the streetcar track crosses a road, said track being liable to be
crossed in tBirosgeda by &hichi areat rweld nfebhcthe traerilimhera isha high

probabi ity efaihe palle vebi gl @5 bebng bl ged be hep heforespico0 said
intersection to avoid colliding wth a vehicle or a pedestrian crossing

the inter3ectRdRg PRild 9efpéd Cofs v P IHSURIS Thetyi beekeseeFEiPengPhens 10
the durationagbithedinaideeigory.t il GheH NCIreasesa t hede SONSMPEL O8s Dhgt he

auxi liary equ%pnent and inposes a restart followed by accel eration of the
vehi cl e. Thi $1€ad@srEPEEtdR causes consunption of power and energy by the
traction notors. 15 A track portion 20 between the stations S. and Sd is
equi pped w t device 19. ILn this ade track

d I
porthon R3 {RBLEISER Hghe FPROBBFRES ERAE ST o noF DY S A wi |
consune B0 Qgr eak déaralDonf cehertyy torayectony, gnavidly dmndreaspsopehet he

;’gh‘ cle at %o%‘é‘u%%t%'i%nslf’c‘?ﬁdthhé' t?e\TEQ{J‘ {e‘é )léy’e aig;rnf%r%d DOYeT; B4Rl device 19
provi ded on"a portion of The ac etwee e

restart followed by acceleration of the vehicle. This
acceleration causes consumption of power and energy by
the traction motors.

15
A track portion 20 between the stations S. and S5 is
equipped with a ground power supply device 19. 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 1is
provided on a portion of the track 5 between the
25 stations S, and S4 that is level or on a downgrade but
is defined in the route plan as an acceleration area.
The traction motors 11 consume energy 1in an area

defined in the route plan as an acceleration area.

30 The track has no ground power supply device 19 between
the stations Sy and S. because the energy Evgse that the
flywheel is able to make available to the vehicle on
the trajectory T4e is greater than the energy Erg that
the vehicle must have available on the trajectory Tg 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 Sg and



25 stations S, and Sd that is level or on a downgrade but is defined in the
route plan as an acceleration area. The traction notors 11 consune energy
in an area defined in the route plan as an accel eration area. 30 The track
has no groun ;(ﬁ?o} device 19 between the because
t he energy Evaﬁpo%’@;ﬁ é/E’?va\,heel is able to nakesga@faz% Ogjevehl cle
on the trajectory Tde is greater thanr tlive energy Erde that the vehicl e
nmust have av I t ctory. Tde t 5 I t he_rqute plan.
The track poaﬂt}%g% Bk rebou]%gpladed \E}\ngth % g ol%n&%po%ggg )ée\% Eqrédde%S cnglQ

bet ween t he tew:ﬁ%k@nafomn &r%mdLrSftfmchA&eZ(r@QﬂrOOSMS PCT/ EP2008/ 056403 -
17 this track portion R4 is a |level area defined as an acceleration area
in the route plan. The structure of the power supply installation for the 5
rai | vehicl e Thadaptedtese t pAvéncopquatal 3P hiet ahstahiaglomofoshéhe, is

descri bedsnextai Theerahil@l €22 coqprises A E%é%@@geénc%fhﬁeﬂuloﬁ@rﬂa@d by a
set of wheels 4. The rails of the track are 10 adapted to support and guide

the wheels 4.T3k%r Mt vEIGHN 4 heS AT @S Qfti ses a succession of cars

each having a cabln 3 and at least two of which are supported by wheels 4.

15 The powern@1r taIIatlon of the invention is adapted to supply

el ectri cal 58 %c@rl%omff?]a%?? ot PEESFSIEE acfﬂ:}”trb uRHPPErY *€qui prent

12 via a DCkp;owar bus 7of 2WhERa r Bvi n’ghas\A"Ietesllslsdf afe dhévesrdyk ekeetric

notors 1 ? |ed ovver b%/ iract con erters that for clarity are
aCCEI 0 g

not sho Ry r%u AfaptE S tonvert the DC vol t age
supplied by t he povver bus 7 into an AC m)tor

Alternatively, the vehicle 2 comprises a succession of
cars each having a cabin 3 and at least two of which

are supported by wheels 4.

15
The power supply installation of the invention is
adapted to supply electrical 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 voltage. The combination of the traction motors
11 and the traction converters constitutes the traction
system of the vehicle.

30
The auxiliary equipment 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,



supply voltage. The conbi nation of the traction notors 11 and the traction
converters constitutes the traction systemof the vehicle. 30 The auxiliary
equi prent 12 includes all units consumng electricity that do not

contribute tow(lgir%)(ﬁ(?éﬂ)@%ége traction vehicle 2, fpéT%%(%g/@%@@d

el ectronics, i'ng, ait conditioning, passenger infornation system
heating system etc. The vehicle 2 is shdwras conprising only one car. In

the case of a yghi s ur-al i of; cars, g\\Q; 420Q94QQ3,6:
PCTI EP2008] 065103 SCT5 - Phe Sl et Cal Teatt prent v L1045 S e
bet ween the Eag¢sCarsthb Vehivekiolefdr EXanpranPide electric notors 11 are
reversible. The traction 5 electric notors 11 are either supplied with

power by the power bus 7 or generate a braking torque supplying electrical
energy to thelh®a&lisstdonvBpPters, hhi @Fe corVEreibhe - AdNRI tagetdeier at ed

by the tracti oned®tDESmotbris0 DI oduee & iNevoktipggeien thecpopelhebupy’. 10
The vehicle 2 carries aﬁ onhoard kinetic ene[D%/i .accunul at or devi ce 15
enErg K

adapted to actlfuPgrer iH IHEFJYn Bf &PPc toREMGy SIRP YT st or e
it in the foebeotretelt rdrcatgenegythen argavnen td@iveést&rown whickb the

art, the ener storage deyice.15. The ener st Qrage deyi.ce of .the

enbodi nent de‘g%?w)ﬁé ?gea‘gﬁi H8£L%égeeﬁ8fl8§a5§§uﬁm glh(?r %cf&#clémt RRtS5%l udes a
notor with a lictorpthdbcsesveS asliaange nent tlae nesger Abternatively, the
onboar d gRergy storage devi ce can be any other 20 storage device, such as a

supercapacitor or battery device. The onboard kinetic energy accunul ator
device 15 is Theapveditocoper ataaimies di ehapgbopedi mkinmesncsumgbiay 25

pover to the auxihifLyoPaueRTRRl 12 85950Lqt he 1LACHHOate energy in
the form of kinetic energy and to restore it in the

form of electrical energy. In a manner that is known in

15 the art, the energy storage device 15. The energy

storage device of the embodiment described is a kinetic

energy accumulator device that includes a 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



notors 11 and in a charge regime during charging phases. An onboard

conputer 38 controls the switching of the kinetic energy accunul at or device
15 fromone node of operation to the other. 30 In the discharge regine, the
Ki netic ener gyo a0l @65 devi ce 15 behaves as a RENMERROIS Adb4Tdduces a
DC voltage on the power bus 7. 35 In the charge reginme, the kinetic energy
accunul ator device 15 behaves as a notor and takes electrical energy from
the power busacumheatD® vidgthge 15 icbavent 8d byralyoneétege ifort k&eki netic

ener gy VO 2009(003755 ACHEPA00R 036403 » oy 18- oo ALasy dayipe 15 Tnto an

AC supply voltage for the flywne kinetic energy accunul ator device
15. The phases of charging the kinetic energy accunul ator 5 device 15 are

for exanple the ppAggesofs D akd AGi hde tnvehigle: [dur EREr Y Gl i@ 1tract i on
notors 11 operate in_ _generator node. In a manner that i1s known in the art,
the kinetPc dRVEHRr gy REUMbPat RXYBA e tis iRNIIRF ppdd W RLRBakde not

shown, for measpidng dheiggendycht ehed dihSdidh fievd€e 1D. opbeapewarn supply
instal lation includes in% e 15 conventional way neans for neasuring the
position of YMREIAHTI®ong its route. For exanple, the measuring neans
are neans for neasuring the speed of the traction notors, fromwhich the

speed of the traction vehicle  and its position,on the rouyte can be

det erm ned, ojf'n G9s 9B fbany 3 or ‘det %Pﬂ{”}ﬂi nJgrl t ﬁgel oéﬁ?f ontukb? %ﬁ@e éfficle. In

a conventlilonaénewyy theuveliatbe idevices leans feouippieckingtup merersgy from

the in-stati grp%{;haérh%l d%kcemeg.gur?r% s&oe;/me“%ggﬁt egtgg?gakien an_glectrical
an e in-s

connection 2 et ween t'he power supply” bus ation “charging
devi ce 18 whedevheevEhicle is stopped at a

The power supply installation includes 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 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 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 1line extending along the
station stop and the means for picking up energy

include a pantograph electrically connected to the



station stop. The in-station charging device 18 is adapted to charge 30 the
ki neti c energy accunul ator device 15 and to power the auxiliary equi pnment
12 when the vehicle is stopped at a station stop Sx by supplying electrical
energy to twee Jerodnixs’. 35 For exanpl e, the i recdt/@H2008Aera@ioRy devi ce
18 includes for exanple an overhead |line _extending along the station stop
and the neans for picking up energy include a pantograph electrically
connect ed t ovalthiec D 200940037 655¢ PGTLEP20GR/IGES408 the2(oweshikle Z,and to be

nore precis r S f I .uch i vice is
descri bed iﬁi%?hégg%gﬁlbagggsE%ﬁ?én?ﬁggﬁfgga?FgEQEPé%%2%%%@£?#Q% ?ﬁstead of
an over head theeaprliiecant'st d1d e te g irp t ey i ERO I I Alncl ude any ot her
power supply means that can be connected to the vehicle by energy pick-up
means. Such power supply nmeans include a third rail or  a ground power
suppl y dévi cée'steatheosdt @t oAVSEBpadf okine Ergnptie Stel AhsCARIEENEN f or

suppl yi ng pQM@Uiéé)Igmb#@hi§&EUdén&hydgﬁhérgﬁ@ueg BAPBN ySHBRhY @awice 19
‘equi pping portions of the track 5 outside the stations, as sho 15 in
figure 2. Of@%udf gFEORECHERer tSuphly deRAtela9 B% S Hbed i~ UPhe
docunent FRH2810su@® pswehownppnyf mgune Z.ndheigroundi powesisuppl y device
19 is incorporated in the roadgﬁr et ween Eh%«%yo rq%{s of, the _vehicle
track and exd eRAHSYERoRGYERd SSHPAY efe YL hat (RS t3 %t $ai PEOPThE 9§r ound
power supplyesdemiloe. 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

segnented longitudinally into power supply segnents 34 separated by
i nsul ati ng sBprendnstd8lation for supplying power to the vehicle

includes a ground power supply device 19 equipping
portions of the track 5 outside the stations, as shown

15 in figure 2.

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 1is
flush with the surface of the track 5.

25
In a manner that is known in the art, the ground power
supply device 19 1s segmented longitudinally into power

supply segments 34 separated by insulating segments 36.

30 The ground power supply device 19 is connected via
electrical substations, not 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 1is

35 inside 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

subst ations, not shown, to the electrical distribution grid of the town. To
prevent any risk of electrocuting pedestrians, each power supply segnent 34
is supplied @@ &£203t@ energy only when it is PGE/ERZI@Y A&t Gdot pri nt
of the vehicle 2. To be nore precise, t ground power supply device 19 is
adapted to supply energy to the vehicle when at WD 2009/ 003765

PCT/ EP2008/ 0564038t ©ongl s¢gmsnt odd skgnemsig4e j she nfo@é'—ptrfi@tf oof prtiet of the

vehicle 2 and\l?’“l(lifésb OQﬁderheJ gbieB's%k YR ”ge?{%]gé? g%'k"—h DYagdie svehicle 2

are in physical contact wmth at |east one ments 34 supplied with
5 electrical enefgsd Ry dae belkiedr i a ﬁrguﬂélZQhYﬁhC@bhpépéaQtlylé@U|pped

with means 22 orjphgki ngrep electiheal RRgE < romthegy gw@ad Rawer supply
device 19. 10 The electrically conductive pi ck-up neans 8 are fixed to the

vehi cle. Phe PIeKEEHCHeREDIY provide a nechanical and el ectrical
connecti on betmeen the vehicle and the ground power supply device 19. 15
The pi ck-up ans 22bco |se.t shoes thaﬁgﬁre Hgﬁgtgd .o nove between a
rai sed positi‘oh, CABt PEhlE" 1 whPERCt e Piltk- 1R 22 SaFEHHP S
physi cal COHWBth mmémSthz gbﬁUpchMﬁﬁan @ﬂebheltaacbnéxg@ndr@mZthomered
posi tion, shomp in . g% u ﬁng hg shoes are in sliding contact with
the surface of"{He t? %" 55 UPR A RRNT % wi th power supply segnments 34 and
i nsul ati i@ segnents 36 if the vehlcle 21is Iocated on a portion 20 of the
track 5 eqU| [ d % 4R 1 EE ing
bet ween the s oes o%gFﬁeg 992 Cegﬁggﬁé 2 %%?%9 hg% g ﬁﬁ%ﬁ?% of an
i sol ati ng segh®nt t36 vehlcle The pick-up means 22 provide a
mechanical and electrical <connection Dbetween the
vehicle and the ground power supply device 19.
15
The vpick—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 isolating segment 36
to 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.



to ensure continuous supply of power fromthe bus 7 via 30 the shoes, at

| east one of which is connected to the conductive segnent 34. In this way,
as expl ained hereinafter, the ground power supply device 19 is able to
power the Ki & i20E&EnEr@3/7685 accunul at or devi ce 15,PQTheEBANAY 464 GBhui pnent
12 and the traction notors 11 when an_el%ptjical connection between at

| east one segnent 34 and the power bus % is made via the electrical energy
pi ck-up nmeans. WO 2009/ 003765 PCT/ EP2008/ 056403 - 22 As shown in figure 2,

the power supplyshghal{@tiQ uﬂencwd%@ngewéa?ars% @ nekwank 53{ gonnect ed
a

to an onboard conputer 38. The conputer 38 I's connected to 5 driver
control 39. T r @ncovpReard 38atacenetvigrhn 3'hsepneersaAdf rigin abhe

driver controlnp¥h <oONeEbsedhesgoperati eirphitihe 3d ractbomaptofstdla the
auxi | iary_equi prent 12 and the 10 kinetic energy accunul ator device 15 via

the onboaPd Het¥@h KO dri%er control 39 is a nanipul ator device that the
driver can nove to send a traction, braking or idle 15 conmand to the
onboard conputer 38. A traction co nd is.sent when,the notors reguire

ener gy, for cipPEPARFng AHELGE atd oh 5P S SuphPAHELCHHOR hit€ Base, ¢ he
onboard conpuites 38ieemmmedsist 201 pawer cogt pd1 & hecHa acpeoeatiohorst 1thby
absorption of__ener fromthe, power bus .7 .so that the tr ion ars 11
generate aingﬁﬁ$%h d?%%%r?o?bfoggﬁ @H@%ﬁﬁﬁﬁ%efq9ﬁPW%ﬂ%a£%nﬁﬁﬂg%%§ sent if
t he tracflon hiotarisc 1éndogy2scminuletinr edeneécgy.lTheiwehitd e onboeirther

st opped or q&g&&%@g. When the driver control sends a braking command to the
onboard conputer ., the conputer conmands sel ection of 30 the braking node
of the notors 11 and feeding of the power bus 7 with the electrical energy

generated by #l€ griver 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 torque to propel the vehicle.

An idle command is 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 1is an automatic
35 control device for sending the onboard computer

traction or braking commands.

The operation of the power supply 1installation is



traction notors in braking node. Alternatively, the driver control 39 is an
automatic 35 control device for sending the onboard conputer traction or
braki ng commands. The operation of the power supply installation is WO

2009/ 003765 P@/ﬁ?@@p@éﬁggf% - 23 descri bed ”eXtPCJ@P%%%g‘O?f t he

electrical installation 1s controlled by the onboard ‘conputer whi ch has
access 5 to information on the power supbly, the energy pick-up means 22,
the position @i-theyvehigle 2 on its route, the state of charge of the

ki netic energy accunul ator, the route plan, the driver control 39 and the
power requirenents of the auxiliary equipnent. 10 The onboard conputer 38

advant ageous| yhdas opee@s3oh0 &f t abhe ofcRnardycanal uessthsthtgonf oriseach
point on the route of the vehicle, the energy tggt tggcﬁehicle 2 requires
to reach the FRXtTetEEF RYstdp SRPPATEORPIPHAEE P8/ Wit Sh&3So HESHSan.

These val Bes &aseinbbainaedori bherthdypsianl aipehy pr thy averag g kaluges
obt ai ned durin relimnary tests. Wien _the vehigle is stopped at a station
stop Sx, the m%%ngnggar&h@orﬁﬁﬁ]etrl% %gnFE‘SI 392}}5:1& n% of H’%g K tSrc

ener gy accunutia¢ostderi o€ Ihaaned off t hiee akxnktacy eneqyiypreriunil drnor,he
in-station ch in evi 18, .. which. supplies el.ectgical,energy to . the
traction bus gﬁg f%%gghdgg?%g &g$ﬁcérigegefﬁﬁﬁfﬁﬁheégeén¥% Fﬁ% %ﬁgﬁ¥:by 25
ener gy pi ck- upegeansmerit$ hef chiae ghmgl Hear geed@ipmant are not shown. When the
vehicl e ligaves the station Sx, the kinetic energy accumul ator device 15 has

avai |l abl e an anount Evx 30 of energy depending on the route plan and nore
particul arly Bhct pabppre fomPWitesh 3theadrei ol e et phpeldas aCER8SsEQt idon st op

Sx and the engfgyec avai |l @t 0vdN&s 1isting, for each point on the
route of the vehicle, the energy that the vehicle 2
requires to reach the next station stop Sy in compliance

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

device 19, the vehicle 2 is autonomous.



ki netic energy accunul ator device 15 on arriving at the station stop Sx. 35
When the vehicle is between two consecutive stations Sx and Sy on a track
portion 21 with no ground power supply device 19, the vehicle 2 is

aut ononous. WD 20087 A0BYB5 PCT/ EP2008/ 056403 - 24 PATERZAKISP TdE3 when
the driver control 39 sends a braking cgmuand, the onboard conputer 38
controls recovery of the braking energy to supply the kinetic 5 energy
accurrul ator device 15 and the auxiliary equipment with energy supplied to

the power busry ByakiRg thaed | opnempt offe 1LrikR i réstd oo mede, sd fgs opboard
conputer 38 manages thé 10 supply of power to the tractign notors_11 and

the auxiliar§rpRprertmiandy tHeeki febParéneFgyruatEumifat 6P dEGIEe 15,
which is in disehpsge Bpderd bEAksSnli MRy, debi wipp16l eehéi xahegnergy to
the power bus 7. 15 Before_the vehicle reaches a track $ort|on 20 equi pped

With a grounHRN@r s@SEPUdércde 198ViRe dritver 2nd  atett e@USy 1dadvgnal i ng
device, not s&Wpmdro: CRQEABNGndr@Wer sigpDied he opittke upoweaNHUE2. 7 The pi ck-up
means 22 20 | ower ed mheq:the vehicle 2 is on a track portion 20

re
equi pped w tﬂt}ée grAd POt Shpty device 19 to establish physical contact

between said pick-up means 22 and the at |east one power supply segnent 34
36 commnds TouerPRG SF TRBCShod © TRASBABSar A EoGH oi° 0o HpPanchis B -
power supply s@%ly ocdsspbeemantge the drercgyiqn cketoup bylt ndieltihel e 2
fromthe gr Ouﬂgxi)f)i’\éafy Su%&’iﬁﬁé’r-{tpe % by the kinetic energy
accumulator device 15, which is in discharge mode at
this time and delivers electrical energy to the power
“bus 7.
15
Before the vehicle reaches a track portion 20 equipped
with a ground power supply device 19, the driver 1is
alerted by a signaling device, not shown, to command
lowering of the pick-up means 22. The pick-up means 22
20 are lowered when the vehicle 2 is on 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 Tyx, 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

Ev, of energy contained 1in the kinetic energy



At any point on the trajectory T,y the onboard conputer 38 is able to
manage circul ation of energy in the 35 vehicle 2 and operation of the

el ectrical equipnent (15, 11, 12) of the vehicle as a function of: - the
state of chalWge2609¢YAe3Fbywheel , i.e. the anbunt BEYP/BP28ABVYQHcé0Atai ned in
the kinetic energy WO 2009/003765 PCT/EFP2008/ 056403 - 25 accunul ator
device at the point p on the trajectory "Txy, - the position p of the
vehi cl e on t heaccujnesabpy Peylice tde BhBumoiRtpye opnerdegyt PRSSAY to
supply power te 5 the traction notors 11 and the auxiliary equipment 12 as
far as the next 'station in conpliance with the route pl an, - the anount
Evpy of energytPRaPOEREIRMNBL PE BRer yohiaseunil Aber tHaVPEECTIB Ean nake

avail abl e to-thge éﬁohﬁ@CEton IS ghl At dNe-Ald |43yl ephydento 12 as

far as the statijon he conmand fromthe driver control 39, t he

nBX|nun16hrrethFhéFaFﬁéOQeWPGPéscéﬁ @&y oA Ut Hel b (I VR sh%ply

devi ce, such asst Ofaclorralsy thd wekh thestpradetar adgsl 1oude phian. dmet he
remai nder of the esc tion it is assuned that the pick-up neans 22 are
| owered and t haP" ﬁep fcle is nmoving on an equipped track portion 20. 20

When t he vehickie2 amo@m@pmﬁg atoft henstagt/i orha8a, tike konbeacd @mmmyyer 38

controls chargln t and su r uxiliary
equi pnent 12 b? I?Eogtag?gﬁcgha%glnﬁa%evﬁgggl8avgﬁfg%% rdﬁ?e q?
descrlbéU)aboverpc0w0d|m@t@rsuﬂﬂlanemttye bumglsamppem@lmmwmttdjbhasge t he

ki netic energy C t, 2y ce 15 conpletely at the station stop Sa,
the fl ywheel |£a %gnF c%g?ggého§y1eaV|ng the station
- 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 wvehicle
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 S,,
the flywheel is totally charged on leaving the station

30  S,.

On the track portion Rl extending over the whole of the
trajectory Tap, the traction motors 11 and the auxiliary
equipment 12 are supplied with power over the whole of
35 the trajectory Ta by the ground power supply device 19

as a function of their respective energy requirements.

Referring to the table of power consumption of the



30 Sa. On the track portion Rl extending over the whole of the trajectory
Tab, the traction notors 11 and the auxiliary equipnent 12 are supplied
wi th power over the whole of 35 the trajectory Tab by the ground power

supply deviceydDo@s, dipastion of their respectives@nesgydEait & grent s.
Referring to ﬁ%e tab1e of power consunption of the V[)§%09/00g¥%5

PCT/ EP2008/ 056403 - 26 vehicle 2, it~ i%P seen that the vehicle 2 requires

energy that tHghAPR devicercapssupply tdadtl @Rel hgenieagk @eqteiq%arla% only if
the vehicle encounters an unexpected event on its trajectory that consunes
nmore 5 than GBI KW thRtenehgyy ARShedahbeft BT ySBPPéHeryy B&I P &§8al to

4b|63 kWh. mlﬁf@cﬁr%@@tif%ﬁii Qan F%r_nl heizigrQ%@dhvﬁﬁmlke&m{&d’urdﬁéz/ﬂzs??ah9 i's
able to supp ener o the vehicle vi.a the pick-up neans in
olectrical THE NG A neHETE ot Bhe BORAPCLaEN y RnEHE S 8AeS 16 en ¢ he
vehicle i $ onttidre @ rexkkipordéf oendPgyf Wohe sahoaht OPS, Calf ahiesey Betimer the
vehi cl e encount er n ,upex ted eyent .or_it does.not_,15.|f the vehicle 2
has encoumnﬂ%%ﬁ%ﬁ ﬁ%e%pggtgﬁgevgﬁt%iF Eﬁﬁf#n?%?é%%?i%%’l?hftgﬁ&?“@ben
obl i ged to stppwdefsupplyhdevnter $6ctiisoradle Wenstipelyebnekgy2tst aps bef ore
the intersectign l, a"g A0, Whe t%%tc‘ﬁﬁ-ﬁj cl g, Sharts and aceslerates, the

? I andathe inetic éh 5 are

auxiliary equi pnen i ergy accunul at or devi cé

suppl i ed wi t hcpoweet byitheatgrioeast poverpsuppl suprleyi segment G t he track
portion R3, the onboard conputer 38 conpares the state of charge Evp of the
25 kinetic energy accunul ator device 15 to the anpunt Etpy of energy

necessary to ¥Weereh e mehticdeat il6n Shoptise |hrackhneined wik? t F&or out e

plan and comands,€hek9i Bgnohrikle kiingld.C @ner gyn ascymehabanrdeyi g 15 if
the remaining energy in the kinetic_energy accunul ator
unexpected event or 1t 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 I.

When the vehicle 2 stops before the intersection I, and
20 when the vehicle starts and accelerates, the auxiliary
equipment 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 Evy, of the
25 kinetic energy accumulator device 15 to the amount Et,
of energy 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 motors 11 are liable to
consume a lot of power. A lot of energy can also be

consumed on the track portion 20 equipped with the



30 device 15 is insufficient to reach the next station wth an anount Evc
of energy and in conpliance with the route plan. This enbodi nent has the
advantage that it does not 35 discharge the kinetic energy accumul at or

devi ce 15 at M%A%QJO%C/%OWSe the traction not o;:uﬁéﬁgﬁéﬂ@ﬂ@aoé%w%onsum a

| ot of power. ot”'of "energy can also be co portion 20
equi pped with the WO 2009/ 003765 PCT/ EP2008/ 056403 - 27 ground power

supply devic i.f vehi > _ekes nexpect S . t he
i ntersecti oneqr?ogﬁrhd;eﬁgyg%ti%%%l ord(sélvifecoﬁg'urre%é%’ot ng t%%m&g 682?art and
accel erat e t makeshi ghe e dated setopd &nbddienehntetrhecvepinclle dehws

[imited power ;S R, GHANE: POURELSUPR! Y ey ©GouHIuS: yhepa Lheapyehi cl e 2

starts and accel erates, e onb conput er 38]EC ommands supply of power to
the auxiliar PERliPmR e vEHElehel -gr ound power supply device 19 whereas
the tracgion notors 11 are supplied wth power by neans of the ground
power supply device 19 and the kinetic energy.accunul ator device 15

si mul t aneous| i A5SFRRA SR HRRt hakhe hechdvhnt dgavwehatMitedr RRWeE

reaslonagl e p(mﬂ:rgm andet Pi@f@ﬁﬂale_;agw&as%@%@w cué{r@atﬁ. fTIﬁmt%eﬁf ogRd power
supply device 19 as as, limting the energy that the kinetic _energy
bl 2t or MRS 15 SHABFPeanfo ke rattroy it arebdardntihisess
limting the 38 schaigndyy sfipphe kifn@owe reney gyhe asauirui at or edavprent>s.

Provi di ng.th roun ower supply device 19 at.a plac ere a | of power
sV abl €01 o e BYneiioashy e Pk | SpPdn iR o HiSads | the

i ntersecti on,trIa:om'J'ICm trivet @t s char girag sapglardchdrtdi npvedr sy dn&angt o€ ener gy
accumul ator dgyl cg A5 BoRbICEWBETS 1detPULd P& JRPLG L O)bRH] SChar ged

alot.
energy accumulator device 15 simultaneously.

15 This embodiment has the advantage that it draws a
reasonable power and therefore a reasonable current
from the ground power supply device 19 as well as
limiting the energy that the kinetic energy accumulator
device 15 supplies to the traction motors 11 and thus

20 limiting the discharging of the kinetic energy

accunmulator 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 If 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 eguipment 12 by

the ground power supply device 19.



30 If the vehicle has not encountered an unexpected event at the
intersection | and the kinetic energy accunulator device 15 is storing
sufficient energy to reach the station Sc with an anount Evc of energy in
conpl i ance wiwch 21098 /00Bt7/® S5pl an, t he onboard conput @CTIBPZD OBe\DErcil ess
comands charging of the kinetic energy,gaccunul ator device 15 and supply of
power to the traction notors 11 and the auxiliary equipnment 12 by the
ground power supply device 19. WD 2009/ 003765 PCT/ EP2008/ 056403 - 28 This

charges the kel o) eRLIYAECUMHALY de¥i&e Lecudlld kBl (s &y gder of
the trajectory TbC either provides surplus energy available in the event of

5 anot her uné@Sected ebkat wmmaheder ajaict §hy THLAGRCHOTHr eBikcdoRAEBELt he

in-station chagiitgsdevuee1h8 aknkhgy Shahi®ApPe Ohnr edHeesc{BRLStOPPI NY
time at the station Sc to charge thé flywheel 14 with an anount Ev', of
ener gy. 19 APP@FH&Fiv%P??P?Ft?ﬂeEVEHﬂbI@nz hBe nota ¥Rt efed &% @

unexpect ed evertkalownhes f NtBESaet-is@R thi candei ey ki eteeicenangyatacengul at or
device 15 is %t%ning uf ficient ener gy %o reach the station s%og,s, with an
anount Evc 1% “6f-1&Fertfy 9n T F2nt_EWPFRPPHBIr §df€ A%anthE hat2bhBBar d
conputer 38 cemmmndshauppl ytiod goweheked the wiiract aon amdwrts LE'andft he
auxiliary equipnent 12 by the kinetic energy accunul ator device 15. Thus no
energy is dr & 6m t he ground power supply device in 20 the track portion
R2. Whenl®he vehicle 2 is on the point of leaving the track portion 20

?q“iDDEd.V“t'Al%%%n%&QQQQyPOWﬁé @@Qpb¥h98YéC§ hhe ddie QﬁégSﬁtéﬁ&&iXSs an
Instruction via a S|gnallrﬁg 5 device to command rai si ng of the plck-up
means 22. Al ti@ex@eiareldy evang piltkthp Apassseetacs raiaedl thet bkmetéal |y when
the vehicle leaves the hRGktR¥ tiy@Fice 15 is storing sufficient
energy to reach the station stop S. with an amount Ev.
15 of energy in compliance with the route plan, the
onboard computer 38 commands supply of power to the
traction motors 11 and the auxiliary equipment 12 by
the kinetic energy accumulator device 15. Thus no
energy is drawn from the ground power supply device in

20  the track portion R2.

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 via 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 vehicle brakes on the track portion 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 vehicle 2, the onboard



20. 30 If the vehicle brakes on the track portion R2, the onboard conputer
38 commands charging of the kinetic energy accunul ator device 15 and supply
of power to the auxiliary equipnent 12 by the ground power supply 35

device 19 an@jd)rzddyz/ddﬁ%tg on notors 11. On the tragk RYAJoHY SHaohich is
i

an upgrade in the rection of novenent of the vehicle 2, the onboard WO
2009/ 003765 PCT/ EP2008/ 056403 - 29 corfuter 38 can connand ei ther charging

of the kinetiGmn éﬁft@@B@C@yﬂubaﬁﬁénae\@&@ae&S cqm:qq réNgrRE khgetauxiliary
equi pnrent 12 and the traction notors 11 or merln the tr Ctlﬁn not or s

11 and the a®d95%ty a5 S FRH Jﬁ?%ﬁQ%ou¥ |n@°W B1RPnePfc ERErgy

accunul at or demiide gk chigigendnito 1St radeot1es th]aa/@tidshe radvans aye of Beot

di schargi ng the klnetl energy %ccunulator |ce 1% E 10 _a_lLocation where
a lot of powdP"Sid ¥her gy altea& ﬁ?ﬁne@oﬁfrﬁhe ﬁraéplon A6t of8%11 BE¥ause of
t he upgrable. eddineever, 1he wiwhsttat efaeyihgve e akivasat ageseatrgghargi ng
the kinetic enqu% ageumy at.or 3%y|ce 15 and of not drawi ng excessive power
fromthe groﬁhé: &%%(Qr e%ﬁnﬁ device 19. The track portion R4 is a |evel
area of the track 5 defined as an acceleration area in the route plan. 20

[0 Che track ardd on [, Lhe subgacd qomuter,38 canaGammnd gl het

charging of the Kinetic energ accunmulator device 1 power i ng of t he
tracti on notdrsshEraing tthe dgméttim yereud pnepcumelabbr pdaek faglot e

traction;got o Slo]éatal% Lk AL Ljéc?{ yofq%@anénézegér t Q?Ht c6RaLALag the

ki netic energy accumul ator devi en the vehicle Is on a track
portion 20 egui ppEE WreRtaogr onpHopewetl st evicde I@e tH@géﬁﬁﬁard

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 vehicle 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 advantage 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).



30 conputer 38 can use a nunber of strategies that conply with the route
pl an for operating the equi pnent of the vehicle and circulating energy in
the vehicle. This has the advantage of inproving the quality of the power
supply i nst@bl a0Dep0a374a5f uncti on of the prioriti BETOEP3508K@S56pH@Bat or
(drawing a low current fromthe ground,,power supply device, limting the
stopping tine at stations, having HBX|nun1energy available to cope with
unexpected events). WO 2009/ 003765 PCT/ EP2008/ 056403 - 30 Al ternatively,

when the Veﬂ%EéfnéE?V@%ﬂ/ng Qthéh ”tﬂleeCt%B{lJ g T e hz%gu%g”a% pogtion 20

equi pped w t roun ower supply device 1 oard conputer 5 38
conmmands Io%éﬁﬂﬁ§t©¥Ytﬁ®wﬁQﬁ@h&ﬁn@ahEaQE @ﬁryl@ﬁ 20 st imp achev dgui pped

track portign2Qunche,sner 9¥up§99t e N 4 hecKEnehine aeRer imAscdul at or
device 15 belng i nsufficient ower the traction notors 11 _and the

auxi | i ary edBi prEMANES akOfeFing pﬁe tdiat PORKSYPI MR Scofpl PaAYe M th the
route plan Qéhéhﬂhﬁedtﬂ%/ té@llﬂﬂﬁf attqrackThgoer%a pban ofhéhesrvehigle is
such that: - in,t oute 15 - the travel on a trQ%ectory
Txy is bet V\E@ﬂtaéﬁegec‘@nd%h% gla}gélge@a}%@gy p?%‘F‘éIP‘égEEOEOd?éZ&Gﬁdsl - the
maxi num st opping tngwfraxiehtt ke eivwet eciaé arata&bﬁnm@t@msl s lbeivgen 15

seconds and_35 seconds pr ef.er abl seco nds; - the passenger confort
level corre5PBn@S*ed1aRY &H Q&ggﬁég n?48 ﬁﬁmaﬁf EN{} éﬁ é;rln

conditndhingomplmeatengwand 132ekmhomteth¢ﬂan:sdﬂﬂErmmnuﬁtibyﬂrnhefor

exanpl e; EBg gP8§pected events with which said vehicle nust be 25 able to
cope |nclud at“Feast one event consum ng between 0.3 kWh and 2.2 kW of
energy, which is for exanple the energy consunmed by an unschedul ed stop of

The route plan of the vehicle is such that:
- in the route plan,

15 - the travel time t,, on a trajectory Ty 1is between
30 seconds and 120 seconds, preferably 60 seconds;

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

20 - the passenger comfort 1level corresponds to an
energy between 18 kWh if there 1is 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 1least 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.



one m nute duration. WO 2009/ 003765 PCT/ EP2008/ 056403 - 31 CLAIMS 1. A
power supply installation for a rail vehicle (2), said vehicle (2)
including: 5 - at |east one traction notor (11) and at | east one auxiliary

equi pnent (1%b,2§@@/00%36%nergy storage devi ce (15%CQZF§9?@§45@%40%ehicle

(2), said onboard énergy storage device (15) being a uppl’y “power to
said at least 10 one traction notor (%t1¥land said at |east one auxiliary
equi prent (12), and being adapted: - gpabkggsupplied with electrical energy
when said vehicle (2) is stopped at a—station stop (Sx), 15 and - to cause
said rail vehicle (2) to travel on a track (5) marked out by station stops

(Sx), said instal hathopePeifigpRRaragkernzadibh that & @gueuUnd,PEYEIesupply
device (19) is installed on at 20 | east a_portion of the track (5) between
two successive stdf)onSgtdpyehsglesy?)i tnfhadéReigy that the energy storage

device (1%5) is ableato 1dmdke aMai lalla iton sabdoat (183stapae Htr acthon not or
(11) and/or said at |east oEe auxiliar% e uiig?nt 25 (12) on a trajectory
Txy between two sucBBEsPYEILLpAYi GAHULPBERT(&x2) syPPPs insufficient to conply

w th a predefined-ratt eecpkdgy satdrggeundepover (s8pplyndevbaed(1Ohebeing
abl e to power at Ieas;f.c aiq gner gy, torage gevic% &151]9r saL& at | east 30
one traction notor (? f ZF Sgld d%¥ aSt §ﬂ5 aixi GYar éﬁﬁfﬁ Ry fiZ) when
said vehicle (2) is(lédnbedhgdabdesdiod syrogund guower tsupgdid devi teagtl9). 2
The railqyehicle pouge supply: dnshakbati@n @sands Sl Meg gl rd.
characterized in that a route
auxiliary equipment (12),
and being adapted:
- to be supplied with electrical energy when said
vehicle (2) 1is stopped at a station stop (Sk),
15 and
- to cause said rail vehicle (2) to travel on a
track (5) marked out by station stops (Sx),
said installation being characterized in that a
ground power supply device (19) is installed on at
20 least a portion of the track (5) between two
successive station stops (Sx, Sy) 1f the energy
that the energy storage device (15) 1is able to
make available to said at least one traction motor
(11) and/or said at least one auxiliary equipment
25 (12) on a trajectory Tx, between two successive
station stops (Sx, Sy) 1is insufficient to comply
with a predefined route plan, said ground power
supply device (19) being able to power at least
said energy storage device (15) or said at least
30 one traction motor (11) or said at 1least one
auxiliary equipment (12) when said vehicle (2) 1is

connected to said ground power supply device (19).

2. The rail vehicle power supply installation as

35 claimed in claim 1, characterized in that a route

plan defines on a trajectory Ty, between the two
consecutive station stops (Sx, Sy):

- a travel time t,, on a trajectory Ty,



pl an defines on a trajectory Txy between the two consecutive station stops
(Sx, Sy) : - atravel tinme txy on a trajectory Txy, WO 2009/ 003765

PCT/ EP2008/ 056403 - 32

- a maxi mnum stopping tine tax of the vehicle at the

station stopyp 2009 ASseNger confort level, - unexpesimdB@vetssshat said
vehicle (2) nust be 5 able to cope with. 3. The rail vehicle power supply

installation as claimed in either of tHé precedi ng clainms, characterized

in that the ground powekistRPlst cHpidRyitGend k) €peshaovepxtendaovenet he
whole length of the track (5) between two consecutive stations (Sx, Sy)

4. The rail vehicleS)

CPhsFOORy Sknst al | ation as 15 claimed in any of the

precedi ng cl ai ns, - chaxackegezedomToritatl eredr,ound power supply device (19)
is disposed on a track portion (5) between 't consecuti ve stations (Sx,
R Dbt L | Fable by8

Sy) on which the “eh&f

Snd ortt VES 5 oS unBE by©50 sai d

$o

at | east bne tracti aebleottor cop®) wiixhgreater than over the rest of the
route. 5. The rail vehicle power supply installation as «clainmed in any of

t he preceding cl ai s,

25 characterized in that a ground power supply device

(19) is disposed dibea teddk penticde (Ppwiset weapplywo iosheédatiive skations

(Sx, Sy) on which the
said at | east one auxm

ener andior ,t he, power I i C
Eﬁaryg%qu?bneﬁg (f% S e30 greateﬁgfhan over the rest

gl &dfis cengyped by

of the route. 6. Thansgtlenigific| énpowdatsuppley ProLad apPyRrasSUBPa¥med in

any of the precedifdg i¢lai Mo) &HaL agber ezednldn Jat Ehdr PO POVBRELRUPPI Y
device 35 (19) is disposed on a track portion (5) between ,
of the track (5) between two Consecutive stations

(Sx, Sy).
4. The rail vehicle power supply installation as
15 claimed in any of the preceding claims,

characterized in that a ground power supply device

(19) is disposed on a track portion (5) Dbetween

two consecutive stations (Syx, Sy) on which the

energy and/or the power liable to be consumed by

20 ) said at least one traction motor (11) is greater

than over the rest of the route.

5. The rail vehicle power supply installation as

claimed in any of the preceding claims,

25 characterized in that a ground power supply device

(19) is disposed on a track portion (5) between

two consecutive stations (Sy, Sy) on which the

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

said at least one auxiliary equipment (12) 1is

30 greater than over the rest of the route.

6. The rail vehicle power supply installation as

claimed in any of the preceding claims,

characterized in that a ground power supply device

35 (19) 1is disposed on a track portion (5) between

two consecutive stations (Syx, Sy), said track

portion (5) being on an upgrade.



two consecutive stations (Sx, Sy), said track portion (5) being on an
upgrade. WD 2009/ 003765 PCT/ EP2008/ 056403 - 33 7. The rail vehicle power
supply installation as clainmed in any of the preceding clains,

characterlzegolQobggbog7ggound power supply deV'CePc@%§¥€b6g9b§€96§d on a

track portion (5) between 5 two consecutive station y), said track
portion (5) being an acceleration area PA the route plan. 8. The rai

vehi cl e power supphy ipgtallationias pAQefl agﬂsglyn f‘r@é’t&ilé@f’orﬁ”e&@d' ng
claims, characterized in that a ground power supply device

dlsposed on a tra€kapBedi onis) BeYweehf tmbh%onsééﬁ@$@bn§tat?bﬁ@“?ék Sy),
said track portienatartbeingdannake@ati B \Ml"dﬂhd &m@pl@&;@pw dél-\51<|:é able to

encount er an unex gted event. 9. The rail vehicle gomer install ation
as clainmed in ang { te PreRedafflg oA af mirathabak %??zé&blrp??%ﬁe%.ground

power supply devi ceozocbﬂag)scusldlesp@$;aalansa tlsgf:k B r,tl O@ai@) beiyeen two
consecutive stations ﬁ § % said track port 6% ndi ng ‘

conti nuously overP8TFF8BK % r tYOH9 n akhi @ﬁcﬁﬁgrﬁéﬁl aF§aI|éBIe B stop
and then restart randeapteherate. 25 10. The vehicle power supply
installation as clained in any of the preceding clains, characterized in
that an onboard conputer (38) controls the operation of the electrical

equi pnent (18, 12Th&5) r80lof vehiécVehi pbecat auppint pnefathetiomj ezt ory

(Txy) meen t2?1§9ﬁ8855'Yﬁ stgﬁg?nf%%Sx) gd (%ygce@pgéor éf§1& mering of

pi ck-up nea s (2 function e fo par aneters: - e state
of charge of the thywrhetkriged. inhghat a ground power supply deVlce

(19) is disposed on a track portion (5) between
two consecutive stations (Sx; Sy), said track
portion (5) being an area in which the vehicle 1is

15 liable to encounter an unexpected event.

9. The rail vehicle power supply installation as
claimed in any of the preceding claims,
characterized in that a ground power supply device

20 (19) 1s disposed on a track portion (5) between
two consecutive stations (Sx; Sy), said track
portion (5) extending continuously over a track
portion in which the vehicle is liable to stop and

then restart and accelerate.

25
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)
30 of the vehicle at a point p of the trajectory (Tyy)
between two successive stations (Sx) and (Sy)
and/or the lowering of pick-up means (22) as a
function of the following parameters:
- the state of charge of the flywheel, i.e. the
35 amount Ev, of energy contained in the energy

storage device (15) at the point p on the
trajectory Tyy,

- the position p of the vehicle on the trajectory



35 anount EvP of energy contained in the energy storage device (15)

point p on the

trajectory T"Y, - the position p of the vehicle on t

trajectory WD 2009/ 003765 PCT/ EP2008/ 056403 - 34 Txy, - the anoun

of energy n?§§§§ggg{b@39@§er the traction notors %é%}Egggggaﬁ?ﬁg?hl

equi pnent

ar as the next station in conpliance e

plan, - the anount Evpy of energy that $Hhe-energy storage device (1

make avail able to the traction

at the
he
t Etpy
iary
route
5) can

notors (11) and the auxiliary equi pnent (12)

as far as the station S,, 10 - the comand fromthe driver contraol (39), -
t he maxi num curr ent tRRafMPHB Y Efic| @F caRCBIAW CFESRRE He ter AANE T ovies

device (19). 11. TherpewesnsHepbysi nstal had ameasndial Bd, | dyd fignenkd
pr ecedi ng cIa|n1charf§ter|ze in that when the vehicle i's connected

ground power supply(

bvidGe ¥29) 38n OMHoRFH tcoMRE D (38) FURMAR

control the supply witpowes teutdepBhegctrical equipnment (11, 12, 15
vehicl e by the 20_g{ound pover suppgy devi ce 21%% i.n such a nner

assi st the energy s
equi paente ( 12p,) arar2bSmakto spandrakdle eoertgy Stxa@gecrdevi ce

the auxiliar
(15) and the

y

OF 2B R Edey( PH) 6T Fo 1'% T Dh Totcree
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power only thet:?;E%gg%ggégg}il%%fﬁqgﬁ% %%%Ef%%é?{%8?35@§§?B#é%§1%%§

12. The power supplJarnssathatsoatasncfai med in the

10

15

20

25

30

35

11.

12.

- the command from the driver control (39),
- the maximum current that the vehicle can draw

from the ground power supply device (19).

The power supply installation as claimed in the
preceding claim characterized in that when the
vehicle 1is connected to the ground power supply
device (19) an onboard computer (38) is adapted to
control the supply of power to the electrical
equipment (11, 12, 15) of the wvehicle by the
ground power supply device (19) in such a manner
as:

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

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

- to power only the traction motors (11) and the

auxiliary equipment (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 (306), each
insulating segment being supplied with electrical
energy only when it is inside the footprint of the
vehicle (2).

supply
to the
to
) of the
as: - to
(11) and

or to
). 30



preceding claim characterized in that the ground power supply device (19)
is segnented longitudinally into power supply segnents (34) 35 separated by
i nsul ati ng segnents (36), each insulating segnment being supplied with
electrical wmea@pa3yiathen it is inside the footyut mpafogeseakhicle (2).
WO 2009/ 003765 PCT/ EP2008/ 056403 - 35 3513 The rail vehicle power supply
installation as claimed in any of clais 2 to 11, characterized in that in
the route plan: 5 - the travel tinme txy of a trajectory Txy is between 30
seconds and 4l toppi j f vehicle at a
station stop 3|25 bet mg% fS ts‘}é%gic}n ¥ mﬁg %'élrce%nlysan%%)él?ﬁéctl%glssggger
confort |evel cordlesipmstisin carn O%n@l@;ﬂn@eﬁw‘é@nl% kWaractene zgdetpect ed
events with whic v I able to cope include at |east one
event consum ngh:b%(t?dv\genne%{ec JLtl?vl\ly‘ltrgf;ll?dlatﬁaz kWh of energy. 15 14. A rail
transpor ® systemi fdlauditayed ridine vehi ef ea t23)eshpayvEhi dise PEEpESE ng

adapted to travel ofp &eddrRfK {R) 1M ket MYs;by station stops (Sx), said
rail vehicle (2) bel ng supplied wth power by a 2Q power supply | nstal | ation

according to any of bt%é“aﬁﬁ%‘éoﬁq‘@%ll% ngime "tax of the vehicle at

station stop is between 15 seconds and
35 seconds;
10 ~ the passenger comfort 1level 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.

15
14, 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 vehicle (2) being supplied with power by a
20 power supply installation according to any of the

preceding claims.



