111111111111111111 *159_159* DESCRI PTI ON METHOD AND SYSTEM FOR -CHARG NG -
TRANSPORTATI ON VEHI CLE W THOUT CONTACT W RE Technical Field [0001] The

present invention relates to a transportation systemw t houﬂmm““mmmwmw re
in which a vehicle equipped with an eﬁergy storage device r K,
and nore specifically, relates to a charging nethod and a char gingissystem-

for charging an energy storage d@ E‘ﬁﬂ?i‘ @gtransportati'éh’vehi cle without a
contact wire. Background Art [00 gjs E nt years, in a transportation

o e hooMETHtohCAND SFREEMRD R ERANRT gmendor FasiOn VHEhe WHOUR hout

recei ving power supply fromthe contact wire, has been put into a practical
use. [OODBIAGHh&IRdhicle in such a transportation systemincludes an energy
storage device (e.g., a battery) for storing power, and the vehicle stores
the power in the energy storage device when the vehicle stops at a station,
t her eby being capable of running on the set track. On the other hand, each
st ati ofePRichBield @ack is provided with a-charging device, and when the
vehicle stops at the station, the charging device supplies power to the

ener I . i.cl e . Pa nt 1).. [.0004] For
exanp) 900F], %0 BRI bR o R G ki by MIRUIER cobtesh Mo
wi thout the contact . wire .includes an energy storage device and an_on-board
contr OW}”GE\?iV(? lf‘seo‘?qu&Rﬂﬁ"ElrvﬂFh IhepeRycHomRes aﬁw%@%% a teackpndgnorg speqifieatlys and
the like of the energy storage device. On the other hand, the stations on
t he t riglatesdp @ chaingmeihod and wicharsingsoskem foe eltirgigg ian sherigy atdrage deviraragiang
device). Wien the vehicle stops at the station for receiving the power,
transportation vehicle without a contact wire.

Background Art

[0002] In recent years,” in a transportation system in which a vehicle runs on a set track, a
transportation system without a contact wire, which is configured so that a vehicle runs
without receiving power supply from the cdntact wire, has been put into a p?actical ‘use.

[0003] The vehicle in such a transportgtion system includes an energy storage device (e.g., a
battery) for storing power, and the vehicle stores the power in the energy storage device when
the vehicle stops at a stétion, thereby being capable of running on the set track. On the other
hand, each station on the track is provided with a charging device, and when the vehicle stops
at the station, the charging device supplies power to the energy storage device of the vehicle.
‘(e.g., Patent Document 1). |

[0004] For example, ifl Patent Document 1, the vehicle in the transportation system without
the contact wire includes an energy storage device and an on-board control device for
controlling a charging voltage, a charging period, and the like of the energy storage device.
On the other hand, the stations on the track are qach provided with a power feeding

installation (charging device). When the vehicle stops at the station for receiving the power,
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the power feed installation starts the charging of the energy storage device in 'response to an
instruction from the on-board control device installed in the vehicle. Then, if a power
storage amount of the energy storage device reaches a predetermined value, the on-board
control device issues a command to stop recefving power, to thereby stop the charge of the

energy storage device.

Citation List
Patent Document

[0005] Patent Document 1: JP 2000-83302 A .

Summary of Invention
'_I'echhica.l Problem
[0006] In general, the energy storage device has a preset maximum allowable voltage value
and a preset minimum allowable voltage.value. In the energy storage device, in a situation
in which the voltage value of the energy storage device falls out of the range between the
maximum allowable voltage value and the minimﬁ_m allowable voltage value, an interlock
function in the energy .storage device operates te disable the energy storage device.
Therefore, while the vehicle is inservice, it. is necessary to maintain the voltage value of the
energy storage device between the maximum allowable voltage value and the minimum
allowable voltage value.
[0007] However, if the voltage value of the energy storage device is low at the time of
leeving a station, the following problem may occur. _\

As illustrated.in FIG.I 4, when the vehicle leaves the station, the energy storage device
outpute a high current for powering the vehicle, and hence a voltage value V of the energy

storage device reduces greatly toward a minimum allowable voltage value VL. In the



*@00002* 2 the power feed installation starts the charging of the energy
storage device in response to an instruction fromthe on-board control
device installed in the vehicle. Then3 if a power storage anobunt of the
energy storage device reaches a predeterm ned value, the on-board control .
device issues a command to stop recejving_ power, to therehy stop the charge
of t hecxamplegjllustrated do FifaA. tle velfags vialig \Lpgf)hemalﬁwtst@a%%\ﬂ%e atobo timemf; ent
Docunent 1: JP 2000-83302 A Surmary of Invention Technical Problem

leaving the station is in a low state, and hence when the voltage value V of the energy storage

device reduces during powering of the vehicle, a margin VL, between the voltage value V of
the energy storage device and the minimum allowable voltage value VL is reduced.
[0008] In this way, if the margin VL, between the voltage value V and the minimum
allowable voltage value VL is reduced, the voltage value V of the énergy storage device
becomes lower than the minimum allowable voltage value VL depending on its usage or
environments, risking the interlock function operating to disable the energy storage device.
Therefore, the energy storage device needs to be replaced, and the long-term use of the energy
storage device has not been attained.
[0009] Furthermore, as another example, if the vehicle runs between the stations at different
altitudes, the following problem may occur.

For example, in the case in which the vehiéle runs from a high-altitude station toward
a low-altitude station, when the vehicle leaves the high-altitude station, the vehicle runs to a
low altitude, and hence high power is necessary to brake the vehicle.. Therefore, as
illustrated in FIG. 5, a high current returns to the energy storage device by regenerative
braking, witﬁ the result that the voltage value V of the energy storage dev_ic_e increases greatly
toward a maximum allowable voltagé value VH. As illustrated in FIG. 5, if the voltage value
V of the en.ergy storage device increases greatly at the time of regenerative braking of the
vehicle, the voltage value V of the energy storage device may exceed the maximum allowable
voltage value VH.
[0010] As described above, if fhe voltage value V increases to be greater than the maximum
allowable voltage value VH, the interlock function operates to disable the energy storage
device. Therefore, the energy storage device needs to be réplaced, and long-term use of the

energy storage device has not been attained.



[0006] In general, the energy storage device has a preset nmaximum all owable .
vol tage val ue and a preset m ninmum al |l owabl e vol tage value. In the energy
storage device, in a situation in whigh the voltage val ue of the energy
storage device falls out of the range between the maxi num al | owabl e vol t age
val ue and the mninum al |l owabl e vol tage value, an interlock function in the
ener gy[09l ir ae shestnt envepsiorahassheen nilidedbivievt bf thervdrcgmstahogsadgscritedi abeve,
Therefore, while the vehicle is in service, it is necessary to naintain the

vol t aggqvaldus HjedttE IRNBVEMicH BIRGAdEI 8 ¢h&RinRh MRS ah 18 cHEY irgtm@hi Ryabl e
vol t age Jaﬁue a%% t he nininbn1allomable @gr?age val ue. [ogo | However, if

t he vaol t age I - - e aqge: devi } Iy

| cavi napgrPnniic bifigfnEblect WIS Sl S otnglitol i ofthe o
in FIG 4, when the vehicle |.eaves the station, .the ener t orage device
out putSReE RS SPTERDY CORTOINB A R i Bt s ettt 306 H28 ) al ve
V of the energy storage device reduces greatly toward a m ni nrum al | owabl e
vol t agihe gn¢rge sigrage|d¢vicRe 3 exanple illustrated in FIG 4, the vol tage val ue
V of the energy storage device at the tinme of leaving the stationis in a
| ow state, and hence when the voltage value V of the energy storage device
reduces during powering of the vehicle, a nmargin VLm between the voltage
val ue piafiont foeP8pRADY Storage device and the mni num al | owabl e vol t age
value VL Is reduced. [0008] In this way, if the margin VLm between the

vol tag@o\fﬁ ug \};,&?dtot hEval i %V@lrﬁamgé&ﬁf%mg%ﬁé?én@eiww Sohbditord, the
val ue 0 I

vol tag the energy storage device becones |ower than the mni mum

al | owabl e vol tage val ue VL depending on it.s usage.or enviro nt risking
Lhe | nEEIoRER: AUFRESn OPbARER ST (15 Bieseth Bveieta e Bloyiige: Ghyets,
Therefore, the energy storage device needs to be replaced, and _the

| ong- t Bethod fer »franypertathen yghide SRgH 216/t ites Whinh 15 canfigired 5o, Hat Wisooo]
Furt hernore, as another exanple, if the vehicle runs between the stations
at di f 4 eekinle ejuippgeddeih ahremerfgyl staagan deyico blopsnatraystasioowm a track, the rmergy
exanple, in the case in which the vehicle runs froma-high-altitude station

t ovar dsi8rabe\Wedké bf dttevehicé isOdhargsli @y 4 Berpiefidevice bRavd®d dhe gfougl-sile] teude
station, the vehicle runs to a low altitude, and hence high power is

neces S@{%‘%Pg Winkﬁéinéﬁ%%%&, bglﬁ?er &{a?%fg% dé¥icd, 'ﬂkeuéﬁe'fg}l §6rab8 dEi& Ratha hi gh

curren rns tot Storage I ce by regenerative braking, with

the result that the vaoltage value V of.the.ene st,or a devi ce | ncreases
gr oat | JORFL VAR Brr SuBr ity elgu e e Ol FAtaS? the EarpY sloiden Fi
5, if the voltage value V of the energy storage device increases greatly at
the ti #®i¢F regenerative braking of the vehicle, the voltage value V of the
energy storage device nmay exceed the maxi num al | owabl e vol tage val ue VH.

[ 0010] [08d 3} eButhelmmdrea oweding fto tanethen hspacteof/the (pzesoni myertione she ohasgingrhwat er

t han the maxi mum al | owabl e vol tage value VH, the interlock function

oper at g% dhargihgdhlie inbRAIeNEagins thereagfry dedrhgeedevideasieh such, a vdleage ser@jue
st orage device needs to be replaced, and |long-termuse of the energy

stor agﬁlaggv\jo(ftgggéﬁlu@% tH@@ﬁ'ergf rsﬁ)ir;{k%ddevice during powering of the vehicle is greater
than a minimum allowable voltage value of the energy storage device and the voltag¢ value of
the energy storage device during regenerative braking of the vehicle is less than the maximum
allowable voltage value of the energy storage device.
[0014] Furthermore, according to another aspect of the present invention, there is provided a
charging system for a transportation vehicle without a contact wire, which is configured so
that, when a vehicle equipped with an energy storage device stops at a station on a track, the

enérgy storage device of the vehicle is charged by a charging device provided on a ground



4 [0011] The present invention has been nmade in view of the circunstances
descri bed above, and it is an object of the invention to provide a charging
met hod and a charging systemfor a transportation vehicle w thout a contact
Wi re, which are capable of.prolongingSthe life of the energy storage device
by controlling a voltage value wth which the charging device charges the
ener gy .storage devi ce.. Solutjon to . Problem,[0012] I.n order,to solv he
bove iBhe R BT LR SRR She R RO RARF Ao RO g5 Sl i ng
to an aspect of the present invention, there is provided a chargi ng nethod
for a Sychntbihuengay vinres devipe Fogharged ¥ith o tvoliggeeset \ifaleh whichc nRgag @ ed so
that, when a vehicle equipped with an energy storage device stops at a

“st at i omagimamtatlawkble tvobagenatupofshoemmey sleragedevide. t he vehicle is charged by
a chargi ng device provided on a ground side, the chargi ng nethod including
char gi [ap15py FhHkerfldad, abctgdidg b afothél@pedof g fFtRnblResten, € Wntld] meu® t age
set value which i's near a nmaxi nrum al | owabl e vol tage val ue of the energy
storag i ] the . AE j . 0, S f e
R S R e B R S

t he ener st.or age..devi i th h vol t age. se al ye. t hat vol.t age

vai ue S 8cerRiE PE IS hrall B0 Bt PSR KB ik B %
greater than a_m ninum al | owabl e vol tage val ue of the energy storage device
and t hevigisum gloyablggoliage Wéu%ﬂgmjyer@fgdr%fgégedéwzeearuhwW@ltﬁé@éﬂé? ithee
braking of the vehicle is I ess than the maxi num al | owabl e -vol t age val ue of
t he enenggy stovagegdevieeviduring fegeregativeubrakiag 0wb the, vehidorisiiasy than thaohdemuss pect
of the present invention, there is provided a charging systemfor a

t r anspanswibloRogeivalue ofithidaictgyesterapé deticeni re, which is configured so that,
when a vehicle equipped with an energy storage device stops at a station on
a track, the energy storage device of the vehicle is charged by a charging
device provided on a ground 5 side, and in which the charging device

i ncl udes,. cont r ol .fhe control nmeans controls such that the energy
storag d&?@?@%g?éﬁ% a%éggﬂhpéﬂ a voltage set value which is near a maxi num

al  owabl e vol tage.val ue of the ener st or age devi ce. .
[0016%( Accgrding to the gharging merghodg%r a transp%rtat?on ve(:il(]acle without a contact wire

according to the present invention, which is configured so that, when the vehicle equipped
with the energy storage device stops at the station on the track, the energy storage device of |
the vehicle is charged by the charging _device provided on the ground side, the charging device
charges the energy sforage device with the voltage set value which is near the maximum
| allowable voltage value of the energy storage device. Accordingly, the voltage value of the
energy storage device at the time of leaving the station is greater than the conventional one.
Therefore, when the vehicle leaves the station, even if 'the voltage value of the energy storage
device reduces greatly toward the minimum allowable voltage value, the voltage value of the
energy storage device can ensure a sufficient margin with respect to the minimum allowabl¢
_voltage value of the energy storage device. Thus, there is no fear thgt the voltage value of
the ehergy storage device will be less than the minimum allowable voltage value depending
, on-usage or environment.

In this way, in the case in which the vehicle runs between a plurality of stations, the



[ 0015] Furthernore, according to another aspect of the present invention,
the control neans controls such that the energy storage device is charged
wi th such a voltage set value that a voltage val ue of the energy storage
devi ce during powering of the vehicle6Ls greater than a m ni mum al | owabl e
vol tage val ue of the energy storage device and the voltage value of the
energy storage devi.ce during .regeneratjve brakjng of t vehi cle i;s | ess

T han’? SR RP TR Fo A b BRI PR g ATea S apnie ety Bs BRI Gutes
Advantaqeous Ef fects of Invention [0016] According tq the chargi ng nethod
for a Yé#uersBwsrabytarelangiaaity lefepsablsifeofthagnsesy P28 486 di ng to the
present invention, which is configured so that, when the vehicle equi pped
with t[091&heFgthesmoreagesotding tethstcbprgirgtmathed for attranspatatich echickeckithauhe
energy storage device of the vehicle is charged by the chargi ng device
provi deshtgit Whe @Eadig & bR, piebent Ghadrgion Othd estiabEing hiakige ScHatps aheregyrgst or age
device with the voltage set value which is near the nmaxi mum al | owabl e '

vol tag&o}r%le URvRE Wite ssgga_%lé g?rs;@ﬁgalﬁ\’ﬂaf:ﬁae l%a%ged&ami ¥f theEneY®) bdgpeval ue

of the energy storage device time of leaving the station is greater

t han the .conventional one. Therefor he._vehi tation,
cven 1 FoVTeay BT RgR gl e OIS g o A0y BlS o BEY SR
toward the m ni num al | owabl e, vol t age val ue, the voltage val ue .of {he energy
st or agedEWiTEE RS Stice apds the iveltegs vang Gt nthGi eeree Stsese AEviER DG mum
al l owabl e voltage val ue of the energy storage device. Thus, there is no

f ear ttegenerhdve/biakingeofith¢ uehiole is lrss draarthpymexionug elldweble eoltpgd vadee pEHE t han
the m ni num al | owabl e vol t age val ue depending , on usage or environnent. In
this Wayergy rstdriee desdee.i MMhediéfofe, tibe exahple| wheninise betiivleelravesph thigh-altiyudef
stations, the 6 energy storage device can be used for a longer tinme within
the ra a vial | tdee
(usabi S A D L B g et o
to the.chargin t.hod .f Qr ran [ i on hj it n L. wire
accor dfr}?éealsgs gﬁg{fert%‘%’%rﬁlt gﬁenr\%‘%’%l |ucr)1?1 I,%ﬁ?}%'%tl% ?1’81rt¥ ngﬁ g’vélﬂlg e%gﬁg? 38@‘% {)1121&15 ner gy
storage device with such a voléﬁgg,set val ue_that the_voltage val ue Pf t he
ener gy SBY8Y AgErEsSiFVice calenIHIe BSHETGISHG marein MAthyErRect o the prallonahict he

m ni mum al | owabl e vol tage val ue of the energy storage device and the

- vol t ageolageualusf oft the caergy pjorageodenics. ddbiiss shageis ne feas ghat dhaavoliageiatiei oy of
the vehicle is I ess than the maxi nrum al | owabl e vol t age val ue of the energy
st or agéhedeMérge. stdlage efeolce, wilbrbeegrearer ethanwiten nidxémuahelidwatle anodtaga value

hi gh-altitude station toward a lowaltitude station, even if the voltage

val ue Qb daghCHEEAYe St QvA9RmERY I Ce i ncreases greatly toward the maxi mum
al | owabl’'e voltage val ue, the voltage value of the energy storage device can

ensure a suf f[rléﬁalé? 8&;[ y’rsri?l(r) . rclzaélg tnhwﬁl%ﬁ Qhelﬁ:ﬁ%egltc?fi h.[eﬁg Wéemﬂélﬁﬁg ltsﬁPéI?J fage

val ue of the age devi ce. reirsn ear e vol tage
val ue of the energy storage device will be greater than the.maxi num
al | owalgl@er%Iaﬂ%@@esvglel?é‘c‘@gﬁ%%%‘gev&i‘? %Bﬁgsegrfgéﬁi?qgﬁﬁﬂ’é‘ﬁt‘y‘ﬁ"%e rangq of ¢ pi s
way, in the case in which the vehicle runs between a plurality of stations
at di f ther dlowablet voltage aluesh thesebarngglonging g difelef/the energpi siosagssisiicRor a | onger
time within the range of the allowable voltage val ues, thereby prolonging
the |ife0®] FaRh@ARIEKCSIrdingae thievhiagging system for a transportation vehicle without a
contact wire according to the present invention, which is configured so that, when the vehicle
equipped with the energy storage device stops at the station on the track, the energy storage
device of the vehicle is charged by the charging device provided on the ground side, the
charging device includes the control means, and the control means controls such that the

energy storage device is charged with the voltage set value which is near the maximum

allowable voltage value of the energy storage device. Accordingly, the voltage value of the



[0018] Furthernore, according to the charging systemfor a transportation
vehicle without a contact wire according to the present invention, which is
configured so that, when the vehicle equipped with the energy storage

devi ce stops at the station on the trdck, the energy storage device of the
vehicle is charged by the charging device provided on the ground side, the
chargi ng devi ce includes the cantr ol ans, and the .control neans _controls
such t FEFEY Faragréryire &F Heage gbiraving de éfﬁa?@é%gw%ﬂtanéfl?/s?%vgaeor?épnea| ue
whi ch i s near the maxi mum al | owabl e vol tage val ue of the energy storage
devi ceThaxetose, avheglthe velheledeaveaghe stationeevsn 1f the voltagmealeg okthe eagray govagee at
the time of leaving the station is greater than the conventional one.

Ther ef d¢vdce idvecasthgreadnitavardl thawdsiniune addwdblonolt@eevelud, thdeolvapgetalie ofal ue
of the energy storage device decreases greatly toward the m ni num al | onabl e

vol t agfeveldd®y stobfzeV Bbviad@al and@reOd shiffRicAN ShAYinS WthaSpste \tb Cifle CRhiRGHUr € a
sufficient margin with respect to the m ninumall owabl e vol tage val ue of

the engfigust 90388 VAR Gane Tty sHASE YeliBe "Opha el 8ol 05 el hagGAl ve of

t he energy stora evice w eco ess e m ni mm

vol t age ,val dependi ng _on .usage.orn_envi r onnent - In.thi.s wa in the
case I NAMRCKDS RRSTER atpes AEHES paflhetoms, o5F (han the,migimupydilonble Yplfdsshar gy
storage device can be used for a longer time within the range of the

al | onaBilae denendipg opdisagesor IYEPBBGNtr ol ongi ng the |ife of the energy storage
device. [0019] Furthernore, according to the charging systemfor a

t ransport at i binthisshay lie thwi ¢dse it whichahe sichiclevirue tetweandi plgralivy pfistapomss get

i nvention, the control neans controls such that the energy storage is

char gegnetby Etofrgs ledicy ehh BE @sékfor ¥ abniRr tiMatwithe theatah &06f thalalewstle vbRag2Ner gy

storage device while powering of the vehicle is greater than the m ninum

al 1 ouabhigey ek a9 RbiRsohe HRGINLAN NAEARRIRY o0 and the voltage value

of the energy rage vice during r ve braking of the vehicle is

| ess t h xi mum al | owahl ¢ vol t age val ue of the ener st or age .devi ce.
Ther et GBS { Butiebtanty aCcarfieR to fae et wifuhihud s e m g on
toward a lowaltitude station, even if the voltage value of the energy
st or agEoRIas Wise japeqrdingee HecRiesept ARXFAHN tthe CABKOINARRS FSeh sudhotheh e

val ue, the voltage value of the energy storage device can ensure a :
suf f i ciemergy s@ragens whérged edthesichtaovdltage sanialgnthatl thewabihge vaihi¢ afjthevadergy of
the energy storage device. Thus, there is no fear that the voltage val ue of

t he engfogpeSde0ica Fthiepuveding dfl thdeelgtleds greateh eantthe nithinuib allaWhisleabltgge
vol t age val ue dependi ng on usage or environnent. In this way, in the

case i ggl\gg o8 e é}@gﬁﬁb&%@ devias gﬁ@mm% it 8t meyeneigg%}%%%@aévi@é didgl er ent

altitu , the energy storage device cah be used for er time wthin

o ho RSk Be eule 19168 Han'BE HEim i SIBRYLR 18RO Ve WP e ' T ©
energy storage device. Therefore, for example, when the vehicle leaves a high-altitude
station toward a low-altitude station, even if the voltage value of the energy storage device
increases greatly toward the maximum allowable voltage value, the voltage value of the
energy storage device can ensure a sufficient margin with respect to the maximum allowable
voltage value of the energy storage device. Thus, there is no fear that the voltage.value of
the energy storage device will Be greater than the maximum allowable voltag¢ value
depending on usage or environment.

In this way, in the case in which the vehicle runs between a plurality of stations at

different altitudes, the energy storage device can be used for a longer time within the range of



Brief- Description of Drawings [0020] [FIG 1] A diagramof a vehicle in a
transportati on systemw thout a contact wire according to enbodi nents of
the present invention viewed in the rgnning direction. [FIG 2] A graph
illustrating a charging nethod for a transportation vehicle w thout a
contact wire according to a first enbodi nent of the present. invention,

i 11 ust thetallogable &oltegeatalwassthereb rolewgingithe difé afthe eatrge staganleeicer gy st or age
device and time when the vehicle runs and stops (to charge). [FIG 3] A
graph illustrating a charging nethod for a transportation vehicle wi thout a
contact wire according to a second enbodi nent of the present invention,

iIIustéﬁggﬂ?ﬁcﬁgﬁ%gﬁﬁﬁ‘%ﬁgpi p between a voltage val ue of the energy storage

devi ce an ehicle runs and stops (to charge) in a case in
whi ch vehji cle | eaves a high-altjtude station toward . a [ow altitude
stat i otﬁb%?h @I@] ?hAgﬁ?‘&%’ﬁ‘q of agvter“éz[q g (HBSAOERLRT SYRHR I IHUhe fonicy Sifage
val ue of the energy storage device and time in a case in which the vehicle
| eavesacgorting fogmbasliments oy thetnrensal ing¢ntiogiviRyaddn esorunping direetians por t at i on
vehicle without a contact wire. [FIG 5] A graph illustrating the

r el at i HiSh2pApeipiedinstaating| 4 cgpegivg methaalf fot b érasspertgtiors vehiclgevitheut e eomad t i ne
in a case in which the vehicle leaves a high-altitude station toward a '

| ow al Hirk Ukeordit toPR firkt éhiBodimentest theNstseti &ivehiiéh, TRESAENE Ahe Felationship

transportation vehicle without a contact wire. Description of Enbodients
i t houl ey B e B o e B N ST PO R 1
descri Rce)(ghztl)rgé)gw. FIG1 is a diagram
[FIG 3] A .graph illustrating a charging method for a transportation vehicle without a contact
wire according to a second embodiment of the present invention, illustrating the relationship
between a voltage value of the energy. storage device and time when the vehicle runs and
stops. (to charge) in a case in which the vehicle leaves a high-altitude station toward a
low-altitude station.
[FIG. 4.] A graph illustrating fhe relationship between a voltage value of the energy storage
device and time in a case in which the vehicle leaves a station in a conventional charging -
method for a transportation vehicle without a contact wire.
[FIG. 5] A graph illustrating the relationship between a voltage value of the energy storage
device and time in a case in which the vehicle leaves a high-altitude station toward a

low-altitude station in the conventional charging method for a transportation vehicle without a

contact wire.

Description of Embodiments
[0021] Referring to the drawings, a vehicle in a transportation system without a contact wire

according to embodiments of the present invention is described below. FIG. 1 is a diagram



9 of the vehicle in the transportation systemw thout the contact wre
according to the enbodi nents of the present invention viewed in the running.
direction. [0022] As illustrated in FRG 1, a vehicle 1 in the
transportation systemw thout the contact wire according to the enbodi nents
of the present invention includes a truck 3 for running on a preset track

2. Theof rthe kveBicleasn ghsitthmspaertatinvesydtenp vothode dhenicohtagt cvire entording | octhieon
contactor 4 for receiving power. Furthernore, the truck 3 includes an

. ener gyembediagatsdf heCsreSent tivestich vibged dhPamaigrdieetivgd by the current
coIIection contactor 4. The vehicle 1 stores power in the energy storage

devi cerdoaeRs sidaidAdnHica1 S AAiAR 1 AGhe #RNOKatdG/RAY WHELRGHE paBLE Of
runnin on t e set track 2. 0 23] FurthernD , he ener gy storage
device_ 5 omable

ol t agETsaremaie 1 T npdfimetis i thEMEa Dyt Snall lgn@sﬁ TR0 e BB s
2. and 3). In the energy starage device 5, .if a voltage val ue ke ps out of
the rahgBesbiekr-t @enﬁ?li«dnh%ﬂ P WS PusTags 3R aRfavidat (withg awaerttrf@ IRstianmum
al l owabl e vol tage value VL, an interlock function (not shown) operates to.
di sabl eorjaster 4 Sarppejving @92/41 Grurthiemaereibe triuekndl inchydesiag egexgrstbragaddevics
supporting frane 6 standing adjacent to track 2 is provided. The supporting
frame 6 fosSstpriny titesbwir trBceivedby thetcutrestciollgetivdndonticr 4( atheavehiedd 1 isfest O
oppose the current collection contactor 4 when the vehicle 1 makes a stop.

The CUf)B\%&I inf tBE h&Fy GRIVAACESAice’5 whef QRPFE A alsPatRn(RBS Q&d@@u) d@eieb9 bing
provi ded on the ground side through a power line 8 which i$ buried in the

ground, T (i.?arg e i ncludes a control nmeans 10, and the contr-ol
means iﬂ) on %gﬁgg”%tggkﬁgd fromthe charging device 9 to the energy

storage device 5. With the configuration abgve, t he ve cIe 1
stops K028 heFurtharmgre. in the caeiey SITageHiavise Oi HRAXBAYE ewahleaﬁﬁasen\@l%
feeding contactor 7 are brought into contact with each other so that the
power supplmisimammionablecyatage glugeVh et Bt gnadvaacey pspglawebldeoltagesyaluesd i n
the energy storage device 5. 10 [0025] First Enbodi nent Now,

r ef er r {sa3g FIGS! hiendI3 awiln gs: energyhsasg e devicet) ifth $altaga vhuakegmsrdumbf the ruedel cl e
Wi t hout a contact wire according to a first enbodi nent of the present

i nvent bewveks tesgtiRatalRAlM vdildge valub ¥ HParfll @B ihinhws bllawhble vbigheGhdledi Ng
met hod for a transportation vehicle without a contact wire according to the

first Wgagol{zgmck%égm 6350, BN LWyepld g k00, the relationshi p

bet ween e de 5 and tine t when

h h h . .
the ve I T } unie 0 BS t'[1'(1)e gro%}lg es}de:, a supporting frame 6 standing adjacent to

track 2 is provided. The supporting frame 6 is provided with a current feeding contactor 7 at
a position to oppose thé current collection contactor 4 when the vehicle 1 makes a stop. The
current feeding contactor 7 is connected to a charging deyice 9 provided on the ground side
through a power line 8 which is buried in the ground. The charging device 9 includes a
‘control means 10, and the control means 10 controls power supplied from the charging device
9 to the energy storage device 5.

With the configuration above, when the vehicle 1 stops at tﬁe station, the current
collection contactor 4 and the current feeding contactor 7 are brought iﬁto contact with each
other so that the power supplied from the charging device 9 on the ground side is stored in the

energy storage device 5.



[0026] As illustrated in FIG 2, in this enbodi nent, the control neans 10 of
the charging device 9 controls such that the energy storage device 5 1is
charged with a voltage set value VS wijch is near the maxi mum al | owabl e

vol tage value VH of the energy storage device 5. In other words, inthis
enbodi ment, the charging device 9 charges the energy storage device 5 with
the vo[(g028F Fiedt Brabadémds whi ch i s near the maxi mum al |l owabl e vol t age val ue
VH of the energy storage device 5. Note that the charging is

general | y peRbl Bty (P aRhvifgy £ BharbRBShEfod Rt [AMENIILIN vERRIO! nO.

The CC-CV charging as used hereinis arging method in charging is

first formed.in a constant current no until .a set volta CVv
val ve) PRERAE Rl BreCRAREAR et B Yoridsa R B Beheny FrBRlo BARHRLS (o
a constant voltage (CV) node to gradually reduce a current value. _The

vol t agkelewt bHpuas ey Hingraingdbsmehargine method fapaHanspreatisp vehicle withpe 2
ilTustrates an exanple in which the CV node is started inmediately after

t he charcghtagt Wigo®eprding tchihet fizsh spbrdiment of $hes prasentcioyendiong iliustrating the
enbodi ment, the track 2 on which the vehicle 1 runs is determned in
advancslatimehipeseoeeent a vsltgpeswilis ¥ dfah& eastgy Btoasheadstcen®and Hignevoivhageheval ue
V of the energy storage device 5 fluctuates between the stations during

pomeriogﬂggn&%g@a%ﬂﬁgk%ﬁjQ&?King. Therefore, the voltage set value VS of
the charging device 9 is determ ned based on the fluctuation conditions of

the vo l. f. t 1 el Vi Ge 5 t .
stati oNE8E N8 Skl in 18 2h BRELELAAGHET AL Sachnf TR e
satisfyin he fql | ow Xpr essi on. pressiqn 1 VSn, <VL!, re, as
T ust Rk coptralesush tha she SneIEYIPHREA Eg‘élf ehcharged, it a@relt%ts%&ﬂlu%k’%s and
the maxi mum al | owabl e _vol tage value VH, and VL", is a margin between a
m ni nuwhichl is @cef the meaxypormedlowahlewwlteeo valuh & e pbthgyensrayrsieregeidenieSs5 Iahi | e
the vehicle is in service (i.e., a voltage value during powering) and the
m ni nuothat wovdsh irethiokmbodimeat, uke Shargih@@edbe Batherdeb alie enengyt ktosage rdeoide rfent ,
the charging device 9 charges the energy storage device 5 with the voltage

set- valig tSvolkige sbhealc 804 8h iSndaPthel thiflitn®th AR dbe MlgPehfRVRGrWMd h a
constant voltage by fixing the voltage set value VS satisfying Expression 1

above. T r Qi vice 9 may charge the energy storage device 5 by
varyinamgg%gggﬁggggcggt value VS within the range satisfying Expression 1
above.

Note that the charging is generally performe_d by constant current-constant voltage
(CC-CV) charging. The CC-CV charging as used herein is a charging method in which
charging is first performed in a constant current (CC) méde until a set voltage (CV value) is
reached, and when the set voltage is reached, the mode shifts to a constant voltage (CV) mode
to gradually reduce a currenf value. The voltage set value VS. of the present invention means
the CV value. FIG 2 illustrates an example in which the CV mode is started immediately
after the charging.

[0027] In the transportation system according to this embodiment, the track 2 on which the
‘vehicle 1 runs is determined in advance; and hence it is possible to know in advance how the
voitage value V of the energy storage device 5 fluctuates between ‘the stations during
powering or regenerative braking. Therefore, the voltage set value VS of the charging

device 9 is determined based on the fluctuation conditions of the voltage value V of the



[ 0029] According to the charging nethod for a transportation vehicle

W thout a contact wire according to this enbodi nent, the chargi ng device 9
charges the energy storage device 5 with the voltage set value VS which is
near the maxi num al | owabl e vol tage val ue VH of the energy storage device 5,
and hence, as illustrated in FIG 2, the voltage value V of the energ

st or ag@neagy/sterags dayice hdetyaen thyt statiansi nkon qaf@n@?eattheowlﬁage spteatuerVy 6t ohe
convéntional one (the case of FIG 4). Therefore, when the vehicle 1 | eaves
t he st avaloasatsfeng ihe folewinglexprpssiom| ue V of the energy storage device 5
decreases greatly toward the m.ninum al |l owabl e vol tage val ue VL, the

vol t age valugxﬁkgﬂmihe energy storage device 5 can ensure the sufficient
margin VLmw th respect to the m ninum al |l owabl e vol tage val ue VL of the
ener gy storaggmg@ELce 5. Thus, there is no fear that the voltage value V of
the energy storage device 5 will be less than the m ninum all owabl e vol t age

val ue VL depgndi ng.,on,_usage enyd r.onnent.. .l n thi in the e.dn

Whi oh ¢ he vone) B RRHES BERRS 20 VmF Aiitkin pelyded s Ve Bhie 50Rd g
storage device 5 can be used for_a longer time within the range of the

al | owaBrangrmpmglopaplreeoltage ¥lue ' Hh 2pd §hai ip g masgin| bepweensgninimgm yalgg ofpf ¢ he
energy storage device 5. In addition, because the voltage is high
over al the tdkege iyaluenY ofatheengrgyrstetagededer bewhibmn thenyghicle tihran ebrylcebli.ai, i ng

t he energy-saving effect of reducing power consunption. [0030] Second

Enmbodi &ifge value duriblg poweBh@rant fige thihis dioaablegsitage vdhagd YLng net hod for a
transportation vehicle without a contact wire according to a second

enmbodi MRAR] ONofe"Bal B SRR eth BYBREAORLd ShASRE dRRE PehoWes HleCenedey %to@agtw aph
illustrating the charging nmethod for a tFaRsportation vehicle W thout a

T ot Pt e ol R e MR AR BB Jon r bR iR B oAy "

storage.device 5 and ti .when the vehicle ns apd stops (to_charge).

[ 0031] WHS § FOntant YPdees Eg’slﬁltx@%ﬁ‘eiw fage §eteYﬁ$‘6ediR’ i‘?ﬁlﬁg’ﬂ%%ﬁﬁ'ﬁ?sﬂ%ﬂ 1 Ms 10 of
the charging device 9 controls such that the energy storage device 5 is
char gedbevchirgimgudsiviceg? man chaggeuthe\sdergynstorape devioe dsby varying theevribioge weint |

the charging device 9 charges the energy storage device 5 with the voltage
set valalae VS.withdn ehe fahge savisfyageEg@tssionl lugbov& is set to such a vol tage val ue
that the voltage value V of the energy storage device 5 during powering of

the Vehio@bf Ac&ogdiﬁéfi‘éllﬁercﬂaﬁ?t tieholi 1B Méﬁaﬁbh&m&ié{hé’h&ﬁgﬁt &/ &rtget WireOf L he

energy storage device 5 and the voltage ue V of the energy storage

device_5 duri regenerative brakin f t vehi,cle 1 s | .hap t.he
ot moAat ot e SRR, e bR Flos  BrtES e P oS B 08 Wiiha)
Note that, in the transportation system according fo this enbodi nent, the
track theovPliRes cRt YHEE vehivare 1 pefndhs SayEnwn mlleagblenvolipgs iade Yidohtisce | t
is possible to know i n advance how t he vol tage value V of the energy

st or agenatey storgb dtvige SuandhengetascBusttated istFAGi Brtke veltagayapswéof thy anergy
regenerative braking. Therefore, the voltage set value VS of the charging
devi cestdrdgs ddeicersmatnthd thwes eflleaving e tlation ingreawer danche icomentibndl mevidet age
value V of the energy storage device 5 between the stations. For exanple,

the vOL{RQe FiEla)Y alrHEredote, When the vehicle 1 leaves the station, even if the voltage value V

of the energy storage device 5 decreases greatly toward the minimum allowable voltage value
VL, the voltage value V of the energy storage device 5 can ensure the sufficient margin VLy
with respect to the minimum allowable voltage value VL of the energy storage device 5.
Thus, there is no fear that the voltage value V of the energy storage device 5 will be less than
the minimum allowable voltage value VL depending on ﬁsage or environment.

In this way, in the case in which the vehicle 1 runs between a plurality of stations, the



13 set to such a value that a margin VLmof 5 to 30% can be ensured wth
respect to the mninmum all owabl e vol tage value VL during powering of the
vehicle 1 and a margin VHmof 5 to 30% can be ensured with respect to the
maxi nrum al | owabl e vol tage val ue VH during regenerative braking of the
vehicle 1. [0033] Furthernmore, the control nmethod according to this

enbodi FRSAEY SRagsederdesd | RncksnBsedator onlapgerHime avithir flag ranes o idiba pliowrablse
above-nentioned first enbodi nment. For exanple, in a case in which

t he eneoltpgesalnesdgberdey prodorgingstht lifs(sentfiaiifeodfithe ¢neegyneotageldadons.di ng to t he
first enbodi ment and then the voltage value V during regenerative braking
approaches thie ad@ixionl Becdus©Wwab | voltdgd tiadsioty aletall Viche e@Rtrtolali@yisbedpgdf or med
to cut the peak during the regenerative braking so that the margin VHm of 5

to 30%&GARpBRIARNS UhEdbWobRidiSS Bie _%herrgg-os%\hﬁg etk prgdg&igggg%ﬁcaﬁ%hqg% val ue

VH. An exanple of the tonfiguration cutting th IS a co uration
whi ch | ukppe i.th.resistors to cut the peak. [0034] According to the
chargiH§3§gt%%%naéﬁﬁﬁQ@?gﬁsportation vehicle without a contact wire
according to _this enpodinment, the charging device 9 charges the energy
storage devil8%s FofeTHES (R 1% A pEY et SBEE MEhos fon 2 trtﬂhsaow%géhlel% ue V
of the energy storage device 5 during powering of the vehicle 1 is greater
t han t hethaitng neontast | wirg taceorduigt tge sexbnd ewibodimenh eofether prgsat onugrgiodeisi ce 5
and the voltage value V of the energy storage device 5 during regenerative
br aki ngesofibéchdedehi FHI6. 3 ik bph illharatihhehdvebdrsing atthodvabt @ valspa@fional ue
VH of the energy storage device 5. Therefore, for exanple, as illustrated

in Fl Gyghicldh@thdubg c¥RRbCkRe hcdR@HESo thehlefhadnttodufen: Hrahd prasdf\Wverltidn,
lowaltitude station, even if the voltage value V of the energy storage

devi c e}lﬁls{r&%ggﬁﬂg g&g@%ﬁﬁ%}l t}/et\lfgew gol{attg]g vags j\/mfntﬂleaérlcggvggsg%r%lg% g(latagg ? ﬁ%/ ltillill% VH,

t he voltage he energy Sstorage device

sufficient rgin, VHmwith respect to the maxi num al | owabl e vol t age val ue
VH of tWaeR rvgbl%%‘fla@@ﬂgm @%C@?geﬁhus, there is no fear that the voltage
value V of the energy storage device 5 will be greater 14 than the maxi mum
al | owat031Y ohs destiazaduia KIG: de prefds agbodimgataghe eamtiohwmeann i@ raf. the charging
Furthernore, when the vehicle 1 | eaves the station, even if the vol tage

val ue ¥evite 9 bentesies@h thitahagergiestorage devdacy Bahaged wethtd yoltagesstdratdeev i ni mum
al l owabl e vol tage value VL, the voltage value V of the energy storage

devi cerpohanweiis linthisRenbodirhdr] (RO Ehd B dEvidd S chabbdsthé %&gy‘gt&é@et&a@ic@sni rfum
al | owabl e vol tage value VL of the enéergy storage device 5. Thus, there is

no f ea(vitthr}f}% (‘al&lr?n CYS%{ %j}g?e V\Sal ré{ tﬂ% v[)lli]age %&Qfaﬁ)évfg 3%?&9?0 g\%ﬁ' g 901§a§\é\'i\Jaluebe

| ess than imum-al ' owable”vol t age val ue pending on usage or
envi ronnent . In.this way, in the case jn which the vehicle 1 runs
bet vveeﬂ"aéﬂ}ﬂ YRltzer t"ﬂh’é‘n&/ 0F 4k Db POEHEe gvich iNERPNEEnE 1 dhee Nehigly lSisor age
device 5 can be used for a longer tine within the range of the allowable
vol t agereater the, the mdniobym plowahigivaljagereiuei ¥leohthetenergystargge deviccayendithei ce 5.
[ 0035] The enbodi nents of the present invention are described above, but
t he pr eslkedpe viahieeWioff et ensrgyaitoragaridvect 5 duringeare gdverativabrdkinmnefithe vehidleneist s.
Various nodifications and changes can be made thereto based on the
techni gal 4R Rbxihiien PHESHK vAIEE Walu@ VH of the energy storage device 5.
[0032] Note that, in the transportation system according to this embodiment, the track 2 on
which the vehicle 1 runs is determined in advance, and hence it is possible to know in
advance how the voltage value V of the energy storage device 5 fluctuates between the
stations during powering or regenerative braking. Therefore, the voltage set value VS of the

charging device 9 is determined based on the fluctuation conditions of the voltage value V of

the energy storage device 5 between the stations. For example, the voltage set value VS is



[0036] In the above-nentioned enbodi nents, the energy storage device 5 of
the vehicle 1 is configured to be charged in a contact manner.

Al ternatively, the energy storage devilte 5 of the vehicle 1 may be
configured to be charged in a non cont act manner by rreans of t he charging

Ref er oFfcloc Gt FRLE (808 7RATE, St 20 CAERES o SRIedavih JEHER: Falle of
truck 4 current collection contactor 5 energy storage device 15
minimum allowable voltage value VL during powering of the vehicle 1 and a margin VH of
5to 30%l can be ensured with respect to the maximum allowable voltage value VH during .
regenerative braking of the vehicle 1.
[0033] Furthermore, the control method according to this embodiment ‘can be used in
combination with the method according to the above-mentioned first embodiment.

For example, in a case in which the energy storage device 5 is first charged by the
method according to the first-embodiment and then the voltage value V during reggnerative
braking approaches the maximum allowable voltage value VH, control may be performed to
cut the peak during the fegenerative braking so that the margin VH;, of 5 to 30% can be
ensured with respect to the maximum allowable voltage value VH. An exe;lnple of the
configuration for cutting the peak is a configuration which is equipped with resistors to cut
the peak.

[0034] According to the charging method for a transportation vehicle without a contact wire
according to this embodiment, the charging device 9 charges the energy storage device 5 with

- such a voltage set value VS that the voltage value V of the energy storage device 5 during
fowering of the vehicle 1 is greater than the minimum allowable voltage value VL of the
energy storage device 5 and the voltage value V of the energy storage device 5 during
regenerative braking of the vehicle 1 is less than the maximum allowable voltage value VH of
the energy storage device 5.. Therefore, for example, as illustrated in FIG 3, when the
vehicle 1 leaves a high-altitude station toward a low-altitude station, even if the voltage value
V of the energy storage device 5 incr.eases greatly toward the maximum allowable voltage
value VH, the voltage value V of the energy storage device 5 can ensure the sufficient margin

VH,, with respect to the maximum allowable voltage value VH of the energy storage device 5.

Thus, there is no fear that the voltage value V of the energy storage device 5 will be greater



6 supporting franme 7 current feeding contactor 8 power line 9 charging
device 10 control neans V voltage val ue of energy storage device VL m ni num
al | onabl e vol tage val ue VH maxi num al Howabl e vol t age val ue VS vol tage set
val ue VLm mar gi n bet ween vol tage val ue of energy storage device. and

mnlrrumal owahl e v
than the ma)l()unum gﬁowa%?e vcﬁtage value VH depending on usage or env1ronment

Furthermore, when the vehicle 1 leaves the station, even if the voltage value V of the
energy storage device 5 decreases greatly toward the minimum allowable voltage value VL,
the voltage value V of the energy storage device 5 can ensure the sufficient margin VL, with
respect to the minimum allowable voltage value VL of the energy storage device 5. Thus,
there is no fear that the voltage value V of the energy storage device 5 will be less than the

- minimum allowable voltage value VL depending on usage or environment.

In this way, in the case in which the vehicle 1 runs between a plurality of stations at °
different altitudes, the energy storage device 5 can be used for a longer time within the range
of the allowable voltage values, thereby prolonging the life of the energy storage device 5.
'[0035] The embodiments of the présent invention are described above, but the present
invention is not limited to the above-rn_entioned embodiments. Various modifications and
‘ changes can be rﬁade thereto based on the technical idea of thé present invention.

[003 6] In the above-mentioned embodiments, the energy storage device 5 of the vehicle 1 is
configured to be charged in a contact manner. Alternatively, the energy storage device 5 of
the vehicle 1 may be configured to bé charged -in a non-contact manner by means of -the

charging device 9 as a charging power source that supplies high-frequency power.

Reference Signs List
.[003 7] 1 vehicle
2 track
3 truck
3a side surface of trupk :
4 current collection contactor

5 energy storage device



VH n margi n between voltage val ue of energy storage device and nmaxi num
al.l owabl e vol tage val ue VSm nargi n between voltage set val ue and nmaxi num
al l owabl e voltage value 16 Caims [Cl%aim 1] A charging nethod for a _
transportation vehicle without a contact wire, which is configured so that,
when a vehicle egu pped with an energy storage device stops at a station on
a track, the® SHBPHPEN®RSge device of the vehicle is charged by a charging
devi ce provided on a ground side, the nethod conprising: char gi ng,
by the char gi eqjrapéfaedmg qontactaier gy st.orage device with a vol tage set val ue
whi ch is near a maxi mum al | owabl e vol tage val ue of the energy storage:

devi ce. [ a8 pow¢r lilee char gi ng net hod according to claim11, wherein the
chargi ng by the charging device conprises charging the energy storage
device W th spichsiagevitage set value that a voltage value of the energy
storage device durrng powering of the vehicle is greater than a m ni num

al | owabl e Voi(}%‘ﬁo}’ﬁ}ekﬂ% of the energy storage device and the vol tage val ue
of the energy storage device during regenerative braking of the vehicle is
| ess than th§ rTin mm al | owabl volﬁa‘%ge val ue of the energy storage device.
[Caim3] A ENRMENG BPOTOTaET $ A Eport ati on vehicle w thout a contact
wire, which is configured so that, when a vehicle equipped with an energy
st orage devi ¥b mipspyn allowable ypltege Whiea track, the energy storage device of
the vehicle is charged by a charging device provided on a ground side,

wher ei n t he ¥Hangiimgndaiaveablevolmge selsecont rol nmeans, and

VS voltage set value
| VL, margin between voltage value of energy storage device and minimum allowable
voltage value
VHm. margin between voltage valuc. of energy storage device | and maximum
allowable voltage value

VS, margin between voltage set value and maximum allowable voltage value



the control means controls such that the energy storage device is charged
wth a voltage set value which is near a maxi num al | owabl e vol t age val ue of
the energy storage device. 17 that t¥We energy storage device is charged

wi th such a voltage set value that a voltage val ue of the energy storage
devi ce during powering of the vehicle.is greater than a m ninum al | onabl e
vol tage val ue of the energy storageC§EWFce and the voltage val ue of the
energy storage device during regenerative braking of the vehicle is |ess

t han t[rfémnnk]gﬁmhaagmgmﬁh@d 3@1 2 Hgespeepien whilpavitheut g\costast dirs, seghcs.

configured so that, when a vehicle equipped with an energy storage device stops at a station
on a track, the energy storage device of the vehicle is charged by a charging device provided
on a ground side, the method comprising:

charging, by the charging device, the energy storage device with a voltage set value

which is near a maximum allowable voltage value of the energy storage device.

[Claim 2] The charging method éccording to claim 1, wherein the charging by the charging
device comprises charging the energy storage device with such a voltage set value that a
voltage value of the energy storage device during powering of the vehicie is greater than a
mim'fnum allowable voltage value of the energy storage device and the voltage value of the
energy sforage device during regenerative braking of thé vehicle is less than the maximum

allowable voltage value of the energy storage device.

[Claim 3] A charging system for a transportation vehicle without a contact wire, which is
configured so that, when a vehicle equipped with an energy .storage device stops at a station
on a track, the energy lstorage device of -fhe vehicle is charged_by a charging device provided
on a ground side,

wherein the charging device comprises control means, and
the control means controls such that the energy s_tofage device is charged with a
voltage set value which is near a maximp.m allowable voltage value of the energy storage

device.

[Claim 4] The charging system according to claim 3, wherein the control means controls such



17

that the.en'ergy storage device is charged with such a voltage set value that a voltage value of -
the energy storage device during powering of the vehicle is greater than a minimum allowable
voltage value of the energy storage device and the voltage value of the energy storage device

during regenerative braking of the vehicle is less than the maximum allowable voltage value

of the energy storage device.



