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25 from the electric contacts of the pantograph or the shoes, or when the vehicle is stopped
in the station.

Document EP 1765631 describes such a power supply device comprising an
energy storage system including one or more flywheels, one or more power batteries, and
one or more ultracapacitor assemblies.

30 Generally, the charge done beforehand (for example by rapid recharge when
stopped in a station) allows the vehicle to perform only an “easy” station spacing, i.e. fairly
short on a profile with a relatively small slope, in independent mode (i.e. the path between
two stations). This is due to the charging time, which may not exceed the passenger
exchange time. The onboard chopper is used today to charge the storage module both

35 while at the station and in motion.
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(length and sl ope),
onboard energy storage system is done by the stationary static converter from said
received electrical energy, said stationary static converter adapting the voltage supplied to
the onboard energy storage system as a function of the status of the charge of said
25 onboard energy storage system;
- the onboard energy storage system is charged as a function of the energy
transferred under the voltage adapted by the stationary static converter.
Such a power supply method makes it possible to electrically recharge the vehicle
at the station using a chopper sized to then allow independent operation on:
30 » atrack section between two adjacent stations having difficult characteristics
(length and slope),
s a track section between stations made difficult by a prolonged stop on the
line,
s over several track sections between two adjacent stations.
35 The charge must always be done in a very shert period of time (about 20 seconds),

corresponding to the time for passengers to enter and exit the train at the station.



a track section between stations made difficult by a prol onged stop
on the line, over several track sections between two adjacent
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25 According to a second aspect, the invention relates to an in-station power supply
system intended to power a railway vehicle including an onboard energy storage system,
said in-station power supply system including a stationary static energy converter, located
at a stop station of the vehicle, adapted to receive electrical energy and to transfer said
energy to the onboard energy storage system when the railway vehicle is stopped in said

30 station, said stationary static converier adapting the voltage supplied to the onboard
energy storage system as a function of the charge state of said onboard energy storage
system.

According to a third aspect, the invention relates fo an onboard energy storage
system of a railway vehicle, including an onboard static energy converter and an energy

35 storage module, the onboard static energy converter being adapted to transfer energy to

the energy storage module by adapting the voltage supplied to the energy storage module



30 station, said stationary static converter adapting the voltage
supplied to the onboard energy storage systemas a function of the
charge state of said onboard energy storage system Accor di ng
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- figure 1 is a diagrammatic view of a public transportation vehicle

in one enbodi MW hé@ Fiegemmalic view of a public trangpojtgtign jvehicle in one
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invention may be non-railway vehicles (buses, frolleys, etc.) or may be designed to carry
goods, etc.

The tramway 1 comprises:

20 - pulling elements in particular comprising at least one electric motor
4 adapted to generate a pulling torque driving wheels 6 of the
framway, when said pulling elements are supplied with electric
energy;

- an cnboard power supply system 7;

25 - auxiliary equipment, not shown, such as air conditioning, lighting,
heating, door opening/closing management equipment, etc., not
participating in pulling the vehicle.

The onboard power supply system 7 comprises electrical energy storage means 2.
In the present case, this storage means includes an ultracapacitor module connected in

30 series or parallel, which will hereafter be designated by reference 2.

The onboard power supply system 7 also comprises an onboard static energy
converter 3, which includes a chopper “Hemb” in the considered case, which will hereafter
be designated by reference 3. In the considered case, the chopper “Hemb” 3 is reversible
(i.e. the energy can pass through in both directions).

35 Due to the bulk constraints of the tramways, the static converter 3 and the

ultracapacitor module 2 are positioned on the roof of the tramway 1.



20pul l'ing elenments in particular conprising at | east one electric
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auxiliary equipment with the energy contained in the onboard power supply system 7.

The switching device 5 "Semb” is also adapted so as, when the tramway 1 is
powered while in motion by an external source via a pantograph or a contact on the
ground, to provide the puliing elements 4 and auxiliary equipment, and potentially the

25 onboard power supply system 7, with the energy from the external source.

The switching device 5 “Semb” also makes it possible, when the tramway 1
brakes, to supply all or some of the recovered braking energy to the onboard storage
system 7 and/or to supply all or some of the recovered braking energy to the external
electric network, via a pantograph or a contact on the ground.

30 The operation of the tramway during the movement thereof between stations is
first described below, in outside power supply mode, then in independent mode.

Secondly described is the operation of the tramway when it is stopped at a station.

First part:

The tramway 1 moves along guide rails. In sections of its journey, the framway 1

35 moves while being connected to an external power source, which provides a direct

voltage with a substantially fixed value (for example 750 V). It captures that energy for



15 direct voltage, which can vary greatly depending on the charge
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"Senb" t AYEIISUMTIVPESPY means, gatgpary {ppigptallytg RoMer ARPBIET Faam@yt an
ot her pi @Gt@ﬁieofstd?zﬁgé %ﬁéntpfaﬁdhﬁ td &Wov@é?%&tﬁ’ﬁlﬁ%y%@ﬂ?ﬁgyto recharge the
In one enpodi nent, part of this energy is supplied to t he onboar

st or age gt,rgp%qﬁcytor MRdYIR e, W&Pﬁﬁﬁmeévadla\séﬁ?v'%!%%@@” - for exanple 750

V. TheFomigiote, GRapResr Rord Bifibr sé@oAs \of Sts Salrfley,0tht aBwWay: 1 is not
ad ts it as a functlon of fhe charge state of the ultracapacitor

| e 2c0RNgsteddnGhY ratemal gleckical RayYer SHRPIX/30UrR%s 10adapt ed to char ge
t he ul t r acapathé eanfRgub eheh sudpfed dfR teRidritity iohiyCiNtHedHRdatd§iOrgB AYbtem

the char 9 in a so-called independent electrical power supply mode.
In this independent power supply mode, the ultracapacitor module 2 is discharged
and supplies a direct electric voltage V2 to the chopper “Hemb 3". The voltage V2 being
25 variable as a function of the charge state of the uitracapacitor module 2, the chopper
‘Hemb” 3 adapts that voltage received as input, and supplies the switching device 5
“Semb” with a direct voltage V1 suitable for equipment alongside the tramway 1 requiring
an electricity supply, including the pulling motor 4 and the auxiliary equipment.
When the tramway brakes on a journey in independent power supply mode, the
30 braking energy can be supplied fo the onboard storage system 7 for a recharge as
previously described.
Second part:
The tramway 1 is also adapted to stop in predetermined geographical locations,
called stations, to allow travelers to enter and/or exit the train. The duration of these stops
35 is generally between 20 and 40 seconds, for example 20 seconds in the considered case.

Figure 1 shows a station 10 in one embodiment of the invention.



The electric nmotor 4 is reversible and adapted to generate, during
braki ng, a braking torque supplying electricity. The trammay 1 is
adapted in the considered case so as, during a braking operation of
the tramway 1, to recover the braking energy supplied by 15 the notor
4 and to transmt it, via the switching device 5, either in part or

in whole, to Hﬁ%.@t&t@memetm ks Ry stRamEy Powen Esupplye Biitem 13 including a
(potentlall power another_tramaay or an outside stora el ement

and/ or t&"e 6av€é>rm§%tﬁ?)|t®a@%f@érﬁn?rqvosw‘@hla% JeiehiE for ?’F%%Hlﬁ gtgtionary

nodul e 2 gldcttictriansR FBpWRiYig asdireeExIaYs b/ 78tegcr i bed.
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t he )
tramvay 1 is BRRS e édapigd 4n jragxier Mign tBPéf@fTP’Y%/dFS f at g siatipn,

source.  enough elddBcdl eABME Yo bartiallesy cﬁiﬂﬂﬂ’étélﬁ@h&#g%hh@b%@ﬁl&itfétbbég@ FhehanB.
t he onboard siﬂc;ra ge sPéstem 7, in i ndependent” el ectri cal

power supply consldered ¢ase FﬂesStPPﬂé?iB/ﬁH%rr\ﬂ1 BBEtes Qupliappendiat . prch

ul tracapagi ﬁ@éaﬁm@w@s%nb@ddjy&@iéaér@gd1and supplies a direct electric
vol t age V2tot The vol tage V2 be|n 25 variabl e

as a function/8fan ﬁEStEEﬁ'QPgH‘esf'ﬁr%Ct%WSt@ﬁéf the Parpashoiitial Hod for sxamplg:
chopper 5bBm93080 AVARE BrrhSal truAEREE pbRES aHE G SttubiBB W vol@id of 2NBI5 &sbic
the switching device 5 "Senb" with a direct voltage V1 suitable for
eqdllopnenf"eé?r ngside the trammay 1 requiring an electricity supply,

i ncl uding t helrpmbldong.dgmdwasé RBGhbperaHsiat A i¥ p%@mbﬁléHEBﬁ the%@nn& hider
n i ndependent power su

tramnvay brakes on a | ey | p node,
30br aki n eeﬂ%f '59 e Og h%'ﬁl"’?léd"h@ﬂ it BSteRnsdafd ey g@é’“&‘%'ﬁ%ﬁﬂ Flacgical
a rechar genrstion Brinveeh e E—:-I' hedat” $¢%ﬁﬂ'¢hept?érhwa)r hes posiBMaY al tHeSground
al so adapé&d to st o in pre ermn geogr aphi cal |ocati ons,

cal l ed sf Pa%acttva ||f95\ﬁxf3 whens thePresance ok the ramway {f is Aefepted; makes

Theysdur attl pasiBle foh@ie&risd!igRBNRSEIthE @ABHEErl“Wshet 1eand M arsbaA® ueeapstior
for exa e 0. seconds in the considered case. Figure 1 shows a

station H§ one enmbodi ment of the invention. 7 In this
station 10, tﬂ'ﬁu@ bisce? tisd &FanYI RO\WRIppBUPIR| thes ¥tiem ﬂcﬁ,anunm.ydslewm@l
chopper 11 connected to an Sstat energy source 12, which

exanpl e CAEESAR |5cﬂ?3Y§;e%P€Pf‘fetef‘cHﬁ‘é‘f vHrEH‘dstU%HF’?Fﬁ@?C&OHmP@‘é? zvmettﬁ@éfeépf
750 V.  energy can beg-Fh%eﬁbélﬁ@@ﬁ2]sljgbﬁesaé’rﬁ#é)ﬁéior?éspbﬁtﬁﬁ§ft@[he %&ﬂcél%[tage
t r anway | s; d.at a station enough el ectri cal er
parddi al |y Vesst &fgﬁﬁn eoeps” tgé1tWE'°@I3€é‘8 ithet(pltage rage & Nirshit obthe, gharge
the cons sﬁw 60the AtPacaphéitos hiddufe 20Andedd|ivsrs blditdte hIeRS 8 GReRRAIBPted to the
“hstat” uwlglcagamtor module 2 to charge it. The adaptation is continued throughout the charge.
Furthermore, in one embodiment, the onboard chopper “Hemb” 3 is adapted to
monitor the state of the ultracapacitor module 2 during this charge at the station and to
25 exchange information with the Hstat 11. In one embodiment, it detects malfunctions, for
example overheating and/or defective charge phenomena. It may detect the charge state
of the ultracapacitor module 2 of the onboard storage system 7. In one embodiment, the
voltage adaptation by the Hstat 11 is reviewed as a function of the data supplied by the
Hemb chopper 3 and representative of the state thus detected by the chopper *Hemb” 3.
30 In one embodiment, the chopper “Hemb” 3 is adapted to command the chopper
“Hstat” 11 at the station to stop the charge, for example when a malfunction is detected
and/or when the ultracapacitor module 2 is completely charged.
In another embodiment, the placement of the chopper “Hstat” 11 and the
ultracapacitor module 2 in electrical contact for example occurs using a pantograph or any

35 other means.



will hereafter be designated by reference 11. As an
illustration, the characteristics of the chopper "Hstat" 11 are for
exanpl e: 500 to 3000 kWin terns of transferred power, and it
occupi es a vol une of 2 to 5 cubic 10 neters. In the considered
case, the chopper "Hstat"” 11 is positi@ed on the ground, under the
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11 at the station. Such an arrangenment nakes it possible to pool )
In one embodiment, the stationary static converter, for example the chopper, is
35 reversible and is adapted to receive the energy supplied by the onboard energy storage

system in the vehicle.



The invention has been descri bed above considering that the static
converters 3 20and 11 woul d include choppers, adapted to all ow
charging of an ultracapacitor nodule 2. I n anot her enbodi nent,
the energy storage systemincludes (in place of or in addition to the
ul tracapacitor nodule) an el ectrochem ®l battery and the static

converters 3 Jn@ é:langwiemdes vahicagely ARei el ehé cdes iviHees tm@ oﬁd@dﬂ’d éritgy
"Semb" and " Sstat" ectrlgg&¥%$ urces to the batter

enmbodi meft OFaQEh@’SéGErH P TG %0 greah apRianitaaapies yt’“E) b?Sabl%\(ﬁ%ﬁ?‘?o"er
in the i eeperdaintirgpewrs fodiip Yratloskutioh betwRRaraiaceHPRbticed, Y ekdiiple after

battery to the constraints of t or.. | n._anot her

obodi weRteesSae: T SiTphyanacuteny fin.shaReer (ming I Rsrongpardeneroy
addigt i on stopagdeystent rsamarpa;met;@mpmxupb@ecﬂmdh@ dirédi@xtatdl eeoravialaieheslble
and the static con er ers %Eh é@énclude vol t age converters

desi gned SHESTARROLAr S9f; ﬁ’ﬂta gystege pathe gguRd-ectricity sources to
the fl ywheel (converS|on of the direct current into alternating
current). In one enbodi nent, the static converter 3 al so being
adapted to adapt, in the independent power supply node, the energy
supplied by the flywheel to the constraints of the notor (conversion
of the alternating current into direct current). In one
enbodi ment, the stationary static converter, for exanple the chopper,
is 35reversible and is adapted to receive the energy supplied by the
onboard energy storage systemin the vehicle. 9 This arrangenent is
particularly useful in the case where the onboard energy storage
system has accunul ated too great a quantity of energy to be able to
recover energy again fromthe follow ng track section between

adj acent stations, for exanple after steep descents. This energy
transferred by the chopper com ng fromthe onboard energy 5storage
systemis then for exanple supplied to the direct external network
via a reversible substation or stored in a suitable systemon the
ground. 10



CLAI M5 51. A power supply nmethod for a railway vehicle (1) including
an onboard energy storage system (7), characterized in that: a
stationary static energy converter (11), located at a stop station
(10) of the vehicle, receives the electric energy; the rail way
vehi cl e being stopped at the station, agtransfer of energy to the 10
onboard energy storage system (7) is done by the stationary static
converter (11) fromsaid received electrical energy, said stationary
static converter adapting the voltage (V3) supplied to the onboard
energy storage systemas a function giaiMe status of the charge of
sai d onboard energy storage system the onboard energy storage system
(7) is charged as a function of the energy 15transferred under the

vol tsage (1V3) padeps@shlpsnetted fof atdiRgrishrleat) hchANEAT Bhboatd endigy RRWESe
supply met hod, acgqr |n$ to claim1, wherein the onboard energy
storage sysPElfN %3'? dereddmthehboar d static energy converter (3)

and an energy st o4 ag@onaetLic(eAbrgyddnben&h PR Idtatldadti LstB8p &flY¥n (10) of the
converter (3) bei n%_cﬁ:‘ge} ted to transfer energy to the energy storage

nmodul e (2) by adafit'y $rivepdhe SKGEicePP Wuppl i ed to the energy

storage nodul e astha rhinst VéHicl® belndestsfiRiios thb Ataion] a S BEERN gy to the
st or age nodul e, wherein the stationary static energy converter

(11 and the onboX@3Ed aheTay elREagsSYEIRY e ie Aonssby sopationiaey salic Aenvarfer
energy transfer by1ymendlkaid RReRYd Hisdtidal GPRMS 8ld sRtidPestarbedRrter

energy storage system 3. The power supply net hod accor di nhg to claim
1 or 2, wherein, %f{ﬂpf'ﬂ%*%@tﬁegé\ﬁ)twﬁgﬁr% thg ankeardienerdndpiage system as

converter (11) toafUneticHEMAs SaRRAIFHYe SHPGREEsaRY SARIE dnerg) BBrRyEgRlth;
static energy converter nonitors the state_of the enerq{y st or age
gﬁéﬁﬁ%ﬁy

30nodul e, and st B8P ENPPRID GperaStIAIR pYSieR (EHIachgad s s TurGtion ©b

as 1@ function of tgistbrrganinder @ \oltadee(vat addpied BOWRY stahtpRhYstalRd dderter.
according to any one of the preceding clains, erein: I1 - the

onboard static energy converter (3) has a transferred power
char act epi stHeCp&iferasupplyUfethed WBEIdiRE Qo 3Rk A0WhkMin the onboard energy storage

system (7) includes an onboard static energy converter (3) and an energy storage
module (2),

20 the onboard static energy converter (3) being adapted to transfer energy to the energy
storage module (2) by adapting the voltage (V2) supplied to the energy storage
module as a function of the charge state of said energy storage module,
wherein the stationary static energy converter (11) and the onboard static energy
converter (3) cooperate during an energy transfer by the stationary static converter to

25 the onboard energy storage system.

3. The power supply method according to claim 1 or 2, wherein, during an energy
transfer by the stationary static converter (11) to the onboard energy storage system

(7), the onboard static energy converter monitors the state of the energy storage

30 module, and steers the operation of the stationary static converter as a function of said

monitored state.

4. The power supply method according to any one of the preceding claims, wherein:

35 - the stationary static converter (11) has a transferred power characteristic of a
value between 500 and 3000 kW;



5. The power supply nmethod according to any one of the preceding
clainms, wherein the 5stationary static converter (11) and the onboard
static energy converter (3) include choppers, and according to which
the energy storage nodul e includes ultracapacitors. 6. An in-station
power supply system (13) intended to power a railway vehicle (1)

i ncl uding an orrtéomt)amw%saaeﬁér@p@e@véeéﬂ@ma@?a trarfférfbd ﬁb\ﬁér%thb%té?@,\’\@t)f
supply system 10 i ncl udi n a statlonary static energy converter (11),

| ocated at a dtahedelve ARO0EMi cl e, adapted to receive

el ectrical energy and to transfer said energy to the onboard energy

storage system (7) when the railway vehicle is stopped in said
st ati on, 2salf RIWRriHREKyMethad ?ECQE%'H%‘P £BY opg of t“@d%[ﬁ?‘?qt@g elREnsy sihergie the

(V3% suppl i fgtidnant BBt RbRRHEr e NBr &1 ﬁt@émrcﬁxfat.er@n(e@y @o?nv@rtérumtmé?urbe
of the Char%@ state of said onboard energy 15storage sSystem

i n-stat i on GORRFSsAUBHAGFOEjRY @MQ‘@L*S‘Y‘%@@EW&"?TQQ? mo@p@.nmlede%@aoépacntqﬁe
stationary static converter (11) is adapted to cooperate, during said

transfer, with an onboard static ener(qé converter (3) of the onboard
energy sPorAlydsiption maver tsweplesistara, (13hintendpdoimparar st milway evrbigs (1)

converter hgiiding BhnBB&rdt shebdyPitolage sQERAOY) L ShidIh- ﬁ&ﬁdrgyo@r%ag@ system
m)dul e (2) of the onbgard energy storage system( adapt i ng{w Eih
gf the

volllage (VINcludingia egtiensry slatiernegsy serdedge (Tadlpce eﬁtsataa ﬁtﬂﬁ’c%’fﬁ

the charge whlee aptdi b eB8&HEY eecﬁrcagenér@a}uw t@fiﬁans@esd[dt e‘ﬁbﬁ_ﬂr' Nthe
power supply system (13 accordin (%bto claim6 or 7, wherein, ddri g
n,

sai d t r ansfEPOMUFIEHEHAA08 Y FEM; (Mbwhem thegalway ‘éﬁthéﬁ? 6 tenppdrin gaid e
is adapt ed g% safieHe) s@hc @Bn\%frt@?ﬁﬂ?gdﬂﬁtr% the RBkdgRAVRY s&;ﬂﬁe@'ﬁpﬁﬁrcﬂ\board

static energy converter i n-station power supply
syst em ( 13)STREHOHAIAIG Styéteﬁh97)cﬁ$ea Snctigr OBF%MF% statey phgaid gpbeaydgenergy
whasiei n: - gt@@g(sg@gté,ﬁnary static converter (11) has a transferred
power characteristic of a value between 500 and 3000 kW 10.

The in-station power supply system ( 13} according to_any one of the
precedi n§ clhgi fsiaing Royes SURHélsé?tﬁmt(Hé 3EcRrdling &0 9'a§'t 8t wWherentherstationary

(11) i ncl udgsicacdReRee(11) usladal&ed T&teob;sbr%aaumb Qétmran%fé?pwh SN SdrBBhrd
(13) accordlng to any one of the preceding clains o 10, wherein

the stati orf@ty enesdy Eorbfaﬁ%ﬁ thesorrte@et 8NHEY Stﬁﬁ%sq syséamm e \eicle, said

reggi ve enejnbyaiubRtit eshelRyy thovPRPORNTY MY & %ﬁger %Mérbs;%l Bn tdiergy
vehicle. 512. An onboard energy storage system (7) of a rail

vehi cl e (1)Storage maduled2at e P%Fdsﬁr@EQYCSt@WéPgWSt@EShVéPV@F’aletgp tﬁﬂaoléage

ener gy st or@gpsimid & € enér@yestéi‘ﬁl_:feafhgd@é a1 LHURBESOY HENYE gleegtat(e?c)f said
being adapted to transfer energy to the energy storage nodu

adapti ng t el $ergee Melesuppiied to the energy storage nodul e (2)
as a function of the charge state of said energy storage nodul e,

25 8. The in-station power supply system (13) according to claim 6 or 7, wherein, during
said transfer, the operation of the stationary static converter (11) is adapted as a

function of steering data supplied by the onboard static energy converter (3).

9. The in-station power supply system (13) according to any one of the preceding claims
30 6 to 8, wherein:
- the stationary static converter (11) has a transferred power characteristic of a
value between 500 and 3000 kWw.

10. The in-station power supply system (13) according to any one of the preceding claims
35 6 to 9, wherein the stationary static converter (11) includes a chopper.



10i n which the onboard static energy converter (3) is adapted to
cooperate with a stationary static energy converter (11) |located at a
stop station of the vehicle, during an energy transfer done by the
stationary static converter (11) to the onboard energy storage nodul e
(2), the onboard energy storage systemg$2) being charged as a

functi on 1of Thd- &étﬁfn%vﬁdr%ﬂﬁﬁi?éyﬁgm_?ﬂ spedeehﬁ@@ dnyDneat Y BidcEding BRims

stationary statjc 15converter board enérgy storage system
(7) accor di % 1% whespimthe Staﬂﬁ@rélsﬁt'cd’ﬂwwr Shredasisy and mﬁedotp repive

stationary &ieaby SugpRey By HY orlbbdd drierdydor B%@ét@mﬂﬁ%@verﬁél@r age nodul e
(2), the onboard static energy converter I s adapted to nonitor

the state_of 20t he energ(y st orage nodul e, and to steer the operation

of the stlat1MdRAPIAd ALY %%rﬁeérsv%tﬁma@) 8f auakvavorehiste £ Wclvginorasy erpoard

state. 14. dthi &Hth@REshveREr @Y afd 8 BEEgS ¥RIr&J8 mbduidenording to claim
12 or 13, wherejn: 25- the (g% board stg?lciénger X ?r?verter (3) has a

t r ansf er r edNBORBPArE s aneraygon¥erdr (3) QPA'FQJ%C’%‘F FANS{) eRAWYH0 thewrergy

15. The onboaige Rl by @by Ssbrayd N2)aeppicd B%ht eneiy 488gefmodule
claims 12 tg 14, wherein the onboard statlc energy storage converter

(3) i ncl ude®) as efigisien of thagharae siale obsajg eaergy sipsadrmatwe( 2) i ncl udes
ul typacapaciihOkich ¥Re ohbbaid ¥@¥c \PBidgy Sorfvéiter () Hdéd%té%l" t@%@@ﬁérgte with a
energy stor age system (7) according to any one of clains
tationafy static energy converter%ﬂ) Iocated at a stop station of the vehlcle durmg
an energy transfer done by the stationary static converter (11) to the onboard energy
storage module (2), the onboard energy storage system (2) being charged as a
function of the energy transferred at a voltage (V3) adapted by the stationary static

15 converter.

13. The onboard energy storage system (7) according to claim 12, wherein, during an
energy transfer by the stationary static converter (11) to the onboard energy storage
module (2), the onboard static energy converter (3) is adapted to monitor the state of

20 the energy storage module, and to steer the operation of the stationary static converter

as a function of said monitored state.

14. The onboard energy storage system (7) according to claim 12 or 13, wherein:

25 - the onboard static energy converter (3) has a transferred power characteristic of
a value between 300 and 500 kW.

15. The onboard energy storage system (7) according to any one of claims 12 to 14,
wherein the onboard static energy storage converter (3) includes a chopper, and the

30 energy storage module {2) includes ultracapacitors.

16. A railway vehicle (1) including an onboard energy storage system (7) according to any
one of claims 12 to 15.
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