DESCRIPTION METHOD AND SYSTEM FOR CHARGING TRANSPORTATION VEHICLE WITHOUT
CONTACT WIRE Technical Field [0001] The present invention relates to a transportation system
without a contact wire in which a vehicle equipped with an energy storage device runs on a track, and
more specifically, relates to a charging method and a charging system for charging an energy storage
device of a transportation vehicle without a contact fwire. 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 runspsithopitreseiving power supply from the contact wire,
has been put into a practical use. [0003] The vehicle in such a transportation system includes an
energy storaddETd&VieeAlely S EShalte i) Rot BioRodNId WA IMBRIQRE A& hinke \SRIES theniowein the
energy storage device when the vehicle stops at a station, thereby being capable of running on the set
track. On th&@therGantIdach 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, in Patent Document 1, the vehicle in the
transportati stem, iﬁhout the contact wire includes an energy storage device and an on-board
control devi%% %acﬁtl\r% ing a charging voltage, a charging period, and the like of the energy storage
device. On K;q—l(ﬂt efhhand the. stations %patg)se track are each provided ided with a power feeding
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which a vehicle equipped with an energy storage device runs on a track, and more specifically,

relates to a charging method and a charging system for charging an energy storage device of a

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 contact wire, has been put into a practical use.
[0003] The vehicle in such a transportation 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 station, 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, in 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 each provided with a power feeding

installation (charging device). When the vehicle stops at the station for receiving the power,




2 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 deuce issues a
command to stop receiving power, to thereby stop the charge of the energy storage device. Citation
List Patent Document [0005] Patent Document I: JP 2000-83302 A Summary of Invention Technical
Problem [0006] In general, the energy storage device has a preset maximum allowable voltage value
and a presethapanu il lpwalnesroitagevalkierdming eBeigySteraggedrvice iinasitidatioann which the
voltage value of the energy storage device falls out of the range between the maximum allowable
voltage valuesandtite momirhanoabowadbienoltatyeivalineaBedinte theckehinietio erthe enprgyrstorage
device operates to disable the energy storage device. Therefore, while the vehicle is in service, it is
necessary teierginriivethe doltagasraiu slorasederiergpashsrag e vicanbetvednetibenvaxdaiin allowable

voltage value and the minimum allowable voltage value.
control device issues a command to stop receiving 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
Technical 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 minimum allowable voltage value, an interlock
function in the energy storage device operates to disable the energy storage device.
Therefore, while the vehicle is in service, 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
leaving a station, the following problem may occur.

As illustrated in FIG. 4, when the vehicle leaves the station, the energy storage device
outputs 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




[0007] However, if the voltage value of the energy storage device is low at the time of leaving a station,
the following problem may occur. As illustrated in FIG 4, when the vehicle leaves the station, the
energy storage device outputs 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 3
example illustrated in FIG 4, the voltage value V of the energy storage device at the time of leaving the
station is in a low state, and hence when the voltage value V of the energy storage device reduces
during powesingpé theswekiCle, FIGnargis Wlnys hedweest the areliagaoragaeldriot thehenengystorage
device and the minimum allowable voltage value VL is reduced. [0008] In this way, if the margin VL,m
between théewoitageevtdtien\isand the stirimuhhallowabletholteltpe s atlie Yiofsire duaed stdregeoltage
value V of the energy storage device becomes lower than the minimum allowable voltage value VL
depending dnvites usdiseschuangiromisiitas! ke the rarBeR funbHosBpBeatMEEe tissbiecthe energy
storage device. Therefore, the energy storage device needs to be replaced, and the long-term use of

the energy $i6RIGEEHEVIFET AR o ARE & BHBMEE. FTSI FrtReiBne, \Ys arstislexample, if the

vehicle runs between the stations at different altitudes, the following problem occur. For
example, in 0 Tadd iR mER ¢ et%tﬁ@fg%ry;ﬁé”%?ﬂgﬁ%ﬂﬁ%ﬁ%e 96%%‘8 i anrgr % 1o aHitude station,

n tow

when the vebjele Jeaves the high-glfitude station e yehicle uns (o glow. alliudle, andfgnce high
power is ned %sgry t6 brake the vehicie: Heréfore, asfustrated in eg f}ﬁig current returns to

the enerqy siorage deyige by ragenBrAlG LBk, WIS 5t InaL L Ntag Vol V! the

energy storage device increases greatly toward a maximum allowable voltage value VH. As illustrated

in FIG. 5, if Uﬁ%@}}ﬁ%}/ﬁ%{ AL R-APSF IRV AGEHRMIE R NSRS aB0iRalY abhe timaef
regenerative braking of the vehicle, the voltage value V of the energy storage device may exceed the
maximum atfowakie valage Maligadk-bevice 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 vehicle 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, with the result that the voltage value V of the energy storage device increases greatly
toward a maximum allowable voltage value VH. As illustrated in FIG. 5, if the voltage value
V of the energy 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 the 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 replaced, and long-term use of the

energy storage device has not been attained.




[0010] As described above, if the 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 replaced, and long-term use of the energy storage device has not
been attained. 4 [0011] The present invention has been made in view of the circumstances described
above, and it is an object of the invention to providé a charging method and a charging system for a
transportation vehicle without a contact wire, which are capable of prolonging the life of the energy

storage devjge1by contioliag: anveliagevaliievithawhichdhe chargingaieveeschasgssitisenergy
storage device. Solution to Problem [0012] In order to solve the above-mentioned problem inherent in
the conventimnial iechnblegysfateardingaotamaspect didtunprestiot inventibagthergdspravided a
charging method for a transportation vehicle without a contact wire, which is configured so that, when
a vehicle equippedatiith eshisirergihsto ragataeides stopshatra Stedidn direivagkgthe Efreedihstorage
device of the vehicle is charged by a charging device provided on a ground side, the charging method
including chemymgstbRrER dehes §ingraBolling theckags gplutoragerdisiidacrithr eiboftalge sbegsfue which is
near a maximum allowable voltage value of the energy storage device. [0013] Furthermore, according
to another J8pERETEY HEHFeE8NEnvention, the charging by the charging device includes charging the
energy storage device 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 dev'g:oef ?.Igg thgr\é%%ge value of the energy storage device during regenerative braking oc tha
vehicle is leSS than %%e maximum allowable voltage value of the energy storage device. [0014]

Furthermore aegorging, ia another aspectigf g aresent invsption,ihers ispravided.a,charging system

for a transportation vehicle without a contact wire, which is configured so that, when a vehicle

equipped withan BBera¥HAUAIeARYicH &IOS Ak pRIAteNRBrAdHatkete eRsvaX Storaae.aevice of the
vehicle is charged by a charging device provided on a ground
method 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
storage device of the vehicle is charged by a charging device provided on a ground side, the
charging method including 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.
[0013] Furthermore, according to another aspect of the present invention, the charging by
the charging device includes charging the energy storage device 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.
[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

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




side, and in which the charging device includes control means, and the control means controls such
that the energy storage device is charged with a voltage set value which is near a maximum allowable
voltage value of the energy storage device. [0015] Furthermore, according to another aspect of the
present invention, the control means controls such that the energy storage device is charged with such
a voltage set value that a voltage value of the energfy 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 stQragidewseidiirgdegeneratyabiaking afdhaahiclel igdessdoamndhe Baaxsnum
allowable voltage value of the energy storage device. Advantageous Effects of Invention [0016]

According tautie chargingnmgihadrige al¢ranspottationl velticle withguta cahtacthldeiaeearding to the
present invention, which is configured so that, when the vehicle equipped with the energy storage
device stopsrakimerstaiiomnble thiagack|uhef drergy sstotages deviee of the vehicle is charged by the
charging device provided on the ground side, the charging device charges the energy storage device
with the voltEte Setfratherwhilrdeondiag tharpiinmenecshohvaprescdliayenian o PeHE @ 1y storage
device. Accordingly, the voltage value of the energy storage device at the time of leaving the station is
greater than“BRE e iveh it dho facrEhaterite den HaaER e R 2 thel@gstish v é\?@ﬁg?ttﬁe voltage
value of the energy storage device reduces greatly toward the min%' um allowable voltage value, the
voltage valu&°Gfehe’ %‘H‘ér‘&ﬁéetoet%?é@' PSS Sy Eh AR PSS rr‘ﬁ}fré’ ﬁ% ftHr8EHEE 18 minimum

allowable voltage valuge of me enerqy. gf;]gerao%ﬁh%levice. Thus, there is nfcI; tflgaea{lgqat the voltggleevalue of
a

uamum, allowal olt N ener Storage acyice an age yalue of.
the energy storage dévice will Be 18ss than the mimintum owahis &3 age valie depending on usage

or environmep, J s, Y2y, N Fase AIED. s M bicke Lt Rt s Al Al oL atations, the

energy storage device can be used for a longer time within the range of the allowable voltage values,
thereby prolgnging thelifedysrRlsrifR)ptiherngroystorage device.

Advantageous Effects of Invention

[0016] According to the charging method 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
charges the energy storage 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 allowable
voltage value of the energy storage device. Thus, there is no fear that the voltage value of
the energy 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




[0017] Furthermore, according to the charging method for a transportation vehicle without a contact
wire according to the present invention, the charging device charges the energy storage device with
such a voltage set value that the voltage value of the energy storage device during powering of the
vehicle is greater than the minimum allowable voltage value of the energy storage device and the
voltage value of the energy storage device during régenerative braking of the vehicle is less than the
maximum allowable voltage value of the energy storage device. Therefore, for example, when the
vehicle leaveseahighraltitude station (eemfer a lowgaltitudeisiatian rayernifithaNokage witue: of the
energy storage device increases greatly toward the maximum allowable voltage value, the voltage
value of the eargyhstebage teyice tharniferssreale)ffitientmrargitvmgthdespect to the maximum
allowable voltage value of the energy storage device. Thus, there is no fear that the voltage value of
the energy dt8tEge Beticanwill. becgréiaretotirchaimmnithofnialioiesrovaieechisidevdbpiériding on
usage or environment. In this way, in the case in which the vehicle runs between a plurality of
stations at defeteshtERreE e endiyy RSP deviee dbh Be Ry oY IGHEEFtIMe FEEH the range
of the allowable voltage values, thereb){ prolonging the life of the energy fsg[orage device. [0018]
Furthermore> Xegrdfikiyto e I ArgiNg ©eststh Y818 HnSHorRaasn VERTCR: WitHBATSR CEMERet wire
according to dthe resent inver.lti(gnft hicrll}.i config ég% sothtg%tin\{vrggn E‘gﬂg Q/ﬁggcvlghg%n [Pueed0 ith the
energy storaﬁé’1 ev‘[%?%?é’ff? Atdie Station on'the trac ?‘I%he energy Iéjtorage &vice of the vehicle is
charged by e charaing devicgplavide 61 hagreunneide e haignddipicaacludes fhe control
means, and the control means controls such that the energy storage device Is charged with the

voltage set ‘{@#éﬁe%ﬁi&é‘ﬂﬁﬂﬁg%ﬁﬁﬂé&@ww iBllowable voltagevalius.abibesngrapstosage device.

Accordingly, the voltage value of the energy storage device at the time of leaving the station is greater
than the conygntional.ane fheseforeswben the vehisle waveshegirtionLven ihthesaltage value of
the energy storage device decreases greatly toward the minimum allowable voltage value, the voltage
value of the ergsgy sterage device.GMenayrevansiffficiesitamarginevithire spagy tadhganinieim
allowable voltage value of the energy storage device Thus, there is no fear that the voltage value of
the energy sioragedewegywitvbetoheenessitanathevabinivolingealielvabikevolitage value defhending on
usage or environment. In this way, in the case in which the vehicle runs between a plurality of
stations, the aeyyterade devive cande Byddifor naengeithirmewittirihaprgeotinedliowable
voltage values, thereby prolonging the life of the energy storage device. [0019] Furthermore, according
to the chargitefiagatervdor s sASEO rigaee \ishiche Withbubd cHnadeditish&oraifgadaie present
invention, the control means controls such that the energy storage is charged with such a voltage set
value that thi'$ofE5e vEiRTAEf BRRIEh &R B?o%@%eaé{ﬁge%ﬁhﬁéaﬁ%iﬁgoﬁe}w& Veifse i hfeater than
the minimum_allowable voltage value of th§ energy storage device and the voltage value of the energy
storage devigspﬁﬁ%ﬁé ?%ﬁ%%er%tﬁg ?%%%’of the vehicle is less than the maximum allowable voltage

value of the enerqy slofagg levics. ersiolerramplenib sadheveipiaiRaYes A ignalitude
|

station toward a low-altitude station, even if the voltage value of the energy storage device increases

gat atly towagehhe maximumyalioyableyoliage yalug, ﬁ@%s\éel%algma#emﬁm%m@gme device
e

can ensure a sufficient margin with réspect to the maximum allowable voltage value of the energy

storage devigg. Jilws,Hbetsdsaufear thatihe valtage value of thee.paeroisterage;device will be

greater than the maximum allowable voltage value depending on usage or environment. In this
way, in the casig #) whighethRéehicledidpsdsivsertiadiuaityoohstatignstataiffean aliitudes, the

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




the allowab e VO age values, thereby prolonging the life of the energy storage device. Brief
Description of Drawings [0020] [FIG I] A diagram of a vehicle in a transportation system without a
contact wire according to embodiments of the present invention viewed in the running direction. [FIG.
2] A graph illustrating a charging method for a transportation vehicle without a contact wire according
to a first embodiment of the present invention, illustrating the relationship between a voltage value of
an energy storage device and time when the vehicle runs and stops (to charge). [FIG 3] A graph
illustrating acahargingapetaoddat ehérdnspaiiadiongvih he with qutasconiachaiteaadondingdo a second
embodiment of the present inventiion illustrating the relationship between a voltage value of the energy
storage deviCecmiatdjmeewlttervthe edhicks thnsiaind, stepsi(toechdige)visw cdse ienwhiciiothgevehicle
leaves a high-altitude station toward a low-altitude station, [FIG. 4] A graph illustrating the relationship
between a véitagredgatersaf giratbhnionyy Sibragegayicallangbimelge cabeitbyidirghe Jeniele leaves a
station in a conventional charging method for a transportation chicle without a contact wire. [FIG. 5] A
graph illustr&th GIFHET TR HY BRtiee st o Raddiiviite BIEHB erlrgyserstatie BeVitBENE time in a
case in which the vehicle leaves a %gh-altitude statipn toward a Il%w-altitud? staﬁion in the conventional

charging methRWARF XAPas KERAADHT SRR SRREULSY Sontadttkirgere s no fear that the voltage

value of the energy storage device will become 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
energy storage device can be used for a longer time within the range of the allowable voltage
values, thereby prolonging the life of the energy storage device.

[0019] Furthermore, according to the charging systém for a transportation vehicle without a
contact wire according to the present invention, the control means controls such that the
energy storage is charged with such a voltage set value that the voltage value of the energy
storage device while powering of the vehicle is greater than the 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. 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 voltage 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




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 of the vehicle in the transponation system without the contact wire according to the
embodiments of the present invention viewed in the running direction. [0022] As illustrated in FIG. 1, a
vehicle | in the transportation system without the cohtact wire according to the embodiments of the
present invention includes a truck 3 for running on a preset track 2. The truck 3 has a side surface 3a

provided witih@a0utrent collestion canthu: sy folreaRiviRgiRONele Hlrhermase sthadruck 3 includes an
energy storage device 5 for storing the power received by the current collection contactor 4. The

vehicle | stores power in the energy storage device 5 when stopping at a station (not shown), thereby
being capable of running on the set track 2. [0023] Furthermore in the energy storage device 5, a
maximum allbwéblsargitage /BlaeEs and a minimum allowable voltage value VL are set in advance
as allowable voltage values (see FIGS. 2 and 3). In the energy storage device 5, if a voltage value
keeps out of tHeltan§Ehétwedirgameddrieitlalibvwaimaspettaie vaRiemn/vithoe theariksinyim allowable
voltage value Vt.., an interlock function (not shown) operates to disable power supply. [0024] On the
other hand, #¥eHBOgrGFHPefi@ e Sohe IRy T ARTERB S sHF B djacuits #EEK2s prov ded. The
supporting fr {%6173 is provided with a current feedin%gontactor 7 at a posijtion to oppose the current
ctor

collection ¢ A SRR HE R R PR D5 30 PO R RPE AL P8 TSI 9PR4%bNnnected to

a charging device 9 provided on the ground side through a power line,8 which is buried in the around.
The charging et Helidou & O ks 15, AR e camivgt SSHUED Bod S BoMtor supplied

from the Chax{&@@egﬁ‘(i&ﬁage@amg (ﬁ%rgyelsgt}o Eﬁgggg %X{E?e énd time when the vehicle runs and stops

(to charge).

[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 the 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. 51 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




With the configuration above, when the vehicle 1 stops at the station, the current collection contactor 4
and the current feeding contactor 7 are brought into 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. 10 [0025] First
Embodiment Now, referring to the drawings, a charging method for a transportation vehicle
without a contact wire according to a first embodiment of the present invention is described below. FIG
2 is a graph illustrating the charging method for a transportation vehicle without a contact wire
according tofhedirsstecibadlinhe ntrafstheipiasentinventibogtillustrating theirelatiandiip betiveen a
voltage value V of the energy storage device 5 and time t when the vehicle runs and stops (to charge).
[0026] As illestradeueirsFi3h2 Hrestrisievabiodimientdthelsontrohendag &0 of the charging device 9
controls such that the energy storage device 5 is charged with a voltage set value VS which is near the
maximum alléfRablervoltagavdlte @ bfaristisleryir shsragerisiAdensyReBEIWEEhs, sAnRES

embodiment, the charging device 9 Qhar%és the energy storage device 5 with the voltage set value VS

. r a v
which is neat'R@5RatiRsUh R SHARIES @féhfa@a@%nmﬂgr@ﬁ@wsswf&a@d@%@@?g °n Note that
the charging is generally performed by constant current-constant, yoltage (CC-CV) charging The
Co-Cv chartHOEs TR mor I 16U Rragting GG B el SO arts Hiet GGG o constant
oot (Cohmadprrilaselyalane LCvighal s LRchen andaiendhe sel llageds eached the
mode shifts to a constant voﬁtag mode 1o gradually reduce a current vatue. 1he voltage set

value VS of é%rpsﬁsﬁﬁgttﬂa Ond0eansne CY ¥alug IS dihsiates amexample ingpich the CV

mode is started immediately after the charging. [0027] In the transportation system according to this

embodiment, dhe: tragke 2,000/ RishbeiMahiclediingdssdeterninachin Aevanes:,) and-hensalkis possible
to know in advance how the voltage value V of the energy storage device 5 fluctuates between the

stations duriggpoengringhpizregeresatidexaraking. 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
[0023] Furthermore, in the energy storage device 5, a maximum allowable voltage value VH
and a minimum allowable voltage value VL are set in advance as allowable voltage values
(see FIGS. 2 and 3). In the energy storage device 5, if a voltage value keeps out of the range
between the maximum allowable voltage value VH and the minimum allowable voltage value
VL, an interlock function (not shown) operates to disable power supply.
[0024] On the other hand, on the ground side, 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 the current collection contactor 4 when the vehicle 1 makes a stop. The
current feeding contactor 7 is connected to a charging device 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 the station, the current

collection contactor 4 and the current feeding contactor 7 are brought into 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.




energy storage device 5 between the stations For example the voltage set value VS is set to a value
satisfying the following expression. Expression 1 Here, as illustrated in FIG. 2, VSn, is a margin
between the voltage set value VS and the maximum allowable voltage value VH, and VL", is a margin
between a minimum value of the voltage value V of the energy storage device 5 while the vehicle is in
service (i.e., a voltage value during powering) and the minimum allowable voltage value VL. [0028]
Note that, in this embodiment, the charging device 9 charges the energy storage device 5 with the
voltage set yaleg VBrhuhthicharging is not limited to the one performed with a constant voltage by
fixing the voltage set value VS satisfying Expression 1 above. The charging device 9 may charge the
energy storage deviéevs b¥euarying the dolkages set sahgely Shetitbdn ftiheararmgepsatistyingkixpression |
above. [0029] According to the charging method for a transportation vehicle without a contact wire
according toviHiguembodhvienitethecaidarg i davicmbadinegesftie ereseyyistsriige deldeeiBedith the
voltage set value VS which is near the maximum allowable voltage value VH of the energy storage
device 5, arR#'RencElGLilsearddiysering hhehgmiagesandd W dithereraigy wbidg e dlite 5 at the
time of leaving the station is greater than the conventional ane (the case of FIG 4). Therefore, when

the vehicle & fERRSS M AHRAINE BN tEL SIRRGA DAY/ BY & BNy Lo dligEdiog S 8ecreases

greatly towar%the minimum allowable voltage value VL, the voltage value V pf.the energy, storage
device 5 caft ﬁlgﬂf%l?hee%%%fleﬁ ?Fﬁ ?g\f‘rﬁ{]{?%?}l ?/\f/l& er%%epf)%}éts%%r?ﬁ% rﬁ‘fﬁcﬁméegﬂﬁpv{/l%let ngfgé}éevalue VL of

the energy siorage deva[gg 2 quus thrgrsa_ is no fear that the voltage value V of the energy storage

. : ips (10.¢h _
device 5 will be 16ss than the minimur allowable voltage value VL depending on usage or

environmentop dissway,natog ceprsin Whishdheyahiske NS ARtVReME Pusalif ohaiations, the

device 9 controls such that the energy storage device 5 is charged with a voltage set value VS
which is near the maximum allowable voltage value VH of the energy storage device 5. In
other words, in this embodiment, the charging device 9 charges the energy storage device 5
with the voltage set value VS which is near the maximum allowable voltage value VH of the
energy storage device 5.

Note that the charging is generally performed 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) mode 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 current 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
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




12 energy storage device 5 can be used for a longer time within the range of the allowable voltage
values, thereby prolonging the life (service life) of the energy storage device 5. In addition,
because the voltage is high overall, the current value is reduced correspondingly, thereby obtaining
the energy-saving effect of reducing power consun{;?tion. [0030] Second Embodiment Now,
referring to the drawings, a charging method for a transportation vehicle without a contact wire
according to a second embodiment of the present invention is described below. FIG. 3 is a graph
illustrating theegtyatgingerniatiod terectratispotation \Fehiolenvith cut eotantaet wire HE€derding to the
second embodiment of the present invention, illustrating the relationship between a voltage value V of
the energy storhgeadefivs Safd!tiviag sahesstbe vehicle runs and stops (to charge). [0031] As
illustrated in FIG. 3, in this embodiment, the control means 10 of the charging device 9 controls such
that the energy stofagecdaoick 5 is charged with a voltage set value VS. In other words, in this
embodiment, the charging device 9 charges the energy storage device 5 with the voltage set value VS.
Here, the voltage s&valliEenVS is set to such a voltage value that the voltage value V of the energy

storage device 5 dyring powering qf.t ehigle 1.is greater.than the minjmum allowable voltage value
VE of he enoray SR LURE E LT b oltiol AT ST RE LA oy Bt A ias &g

regenerative, bialng,of e elicle 18 a5 %an ihe paimum.alowable voliage. valug W of the
energy storage dévice b %&% Noteg[%at, In thée transportation System according to this embodiment,

the track 2 ap.which the: ehielsy iuaads detsipinad . advaneasandiiance fhispaseible (g know in

advance how the voltage value V of the e€nergy storage device 5 fluctuates between the stations
during powerindRriegengiativeWakingad herefareuinevaliage sehyaldr A7 of the charging device 9

is determined based on the fluctuation conditions of the voltage value V of the energy storage device 5

between thg®@iagionsofomexampls. thoodiiage st vRdteny Jdsick P charges the energy storage
device 5 with the voltage set value VS, but the charging is not limited to the one performed
with a constant voltage by fixing the voltage set value VS satisfying Expression 1 above.
The charging device 9 may charge the energy storage device 5 by varying the voltage set
value VS within the range satisfying Expression 1 above.
[0029] 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
the voltage set value VS which is near the maximum allowable voltage value VH of the
energy storage device 5, and hence, as illustrated in FIG. 2, the voltage value V of the energy
storage device 5 at the time of leaving the station is greater than the conventional one (the
case of FIG. 4). Therefore, 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 usage or environment.

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




set to such a value that a margin VL. of 5 to 30% can be ensured with respect to the minimum
allowable voltage value VL during powering of the vehicle 1 and a margin VH. of 5 to 30% can be
ensured with respect to the maximum allowable voltage value VH during regenerative braking of the
vehicle 1. [0033] Furthermore, the control method ?zccording to this embodiment can be used in
combination with the method according to the abové-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
embodimentangy thertiedeoitage value Msddiriog « égere tativesbitaking approaches thewabiximum
allowable voltage value VH, control may be performed to cut the peak during the regenerative braking
so that the meltgin XaHs.ch&dby300koainbbeifsupent wilHoesgberrorthestoragimenisaflowable voltage
value V.1-1. An example of the configuration for cutting the peak is a configuration which is equipped
with resistors to cutith@Jsén. [(osarAdEe g theEhatymg methsitsria trliss portedisadvehicle
without a contact wire according to this embodiment, the charging device 9 charges the energy
storage devF@ér%“Wﬁﬂl%r‘é’hﬂéeV(gYa‘é’éa%%g?ﬁW@Wﬁ%‘f‘?ﬁéf%ft&&éeﬂi)%ﬂﬁ”é RPBFHEEERYY Storage
device 5 dugjp(% 0 erinxg%%éxtlfge vehi(t:Ie 1 is greater than the minimum allowable voltage value VL of
the energy sto a%e eV 'Mé'Voltage value V of the energy storage device 5 during
regenerative brakin% cg)f the_vehicl(?ol {‘Eeledss than the Hﬁ!aximumtgg%v%/able voltag a\t/.alue '1?;'1°f the

CITIN Tawings, a ¢ 1ng me I irans 1011 V@
energy storage device 5. ereFore, or example, as | L%stgated in FIG. § when the vehicle 1 leaves a

high-altitude,station foward.a low-altitude, station eyen fiheavaliagsvalue X.afthe eneray;storage

device 5 increases greatly toward the maximum allowable voltage value VH, the voltage value V of the

energy storage dgvicgehean ersuredhe shficisnimaiginVitarwith fRSRECtL thesmaximus allowable
voltage value VIl of the energy storage device 5. Thus, there is no fear that the voltage value V of the

energy storaggiclevietomndlcbggreaieradhanithadaxisbmm atovwablewveitagexatieiMHm@epending on
usage or environment. Furthermore, when the vehicle 1 leaves the station; even if the voltage
value V of tHiwnetgy storegeodsivicechdecteasesgraatly whiardrthreyminimedediowaleiveltage value
VL, the voltage value V of the energy storage device 5 can ensure the sufficient margin VL" with
respect to thentminimumtadlowatslendoiterydtoahmeet)U 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 valuEAl Wepeiidisgatnd isdde o éhthivsmiasiment. the trpatphyaanthcis®srigreérthe vehicle
1 runs between a %Iurality of stations at different altitudes, the ener y,storagﬁ device 5 can be used for
a longer tim&%itRin tHEAR GBI Bk dR Far ST BY D AtHEFR Gthé e \oF the energy
storage device 2. $0035 The embc&di entts t?ft e lrrclasé?er\l]wn erﬁtirog afe describtegaab é’veéeb t the
present inveRiBATs Bt irnfiEt (R MBS Hh Rt e e d RifbodIERTS  AIBHS IRE8MEatichs and
changes can b madsinereip paredon gsrbnialioea RS T8 SENLNEM I Brtage value

that the voltage value V of the energy storage device 5 during powering 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.

[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-mentioned embodiments, the energy storage device 5 of the vehicle | is configured
to be charged in a contact manner. Alternatively, the energy storage device 5 of the vehicle | may be
configured to be charged in a non-contact manner by means of the charging device 9 as a charging
power source that supplies high-frequency power. I%eference Signs List [0037] | vehicle 2 track 3 truck
3a side surface of truck 4 current collection contactor 5 energy storage device

set to such a value that a margin VL, of 5 to 30% can be ensured with respect to the

minimum allowable voltage value VL during powering of the vehicle 1 and a margin VHy, of

5 to 30% 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 regenerative

braking approaches the maximum allowable voltage value VH, control may be performed to

cut the peak during the regenerative braking so that the margin VHp of 5 to 30% can be

ensured with respect to the maximum allowable voltage value VH. An example 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

powering 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 increases 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
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than the maximum allowable voltage value VH depending on usage or environment.

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 3.
[0035] The embodiments of the present invention are described above, but the present
invention is not limited to the above-mentioned embodiments. Various modifications and
changes can be made thereto based on the technical idea of the present invention.

[0036] 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 be 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
[0037] 1 vehicle
2 track
3 truck
3a side surface of truck
4 current collection contactor

5 energy storage device




VL minimum allowable voltage value VIi maximum allowable voltage value VS voltage set value
VLm margin between voltage value of energy storage device and minimum allowable voltage value
VH", margin between voltage value of energy storage device and maximum allowable voltage value
VS", margin between voltage set value and maximulrsn allowable voltage value Vi CSLLP

6 supporting frame

7 current feeding contactor

8 power line

9 charging device

10 control means

V voltage value of energy storage device

VL minimum allowable voltage value

VH maximum allowable voltage value

VS voltage set value

VL, margin between voltage value of energy storage device and minimum allowable
voltage value

VH, margin between voltage value of energy storage device and maximum
allowable voltage value

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



16 Claims [Claim 1] A charging method 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 storage device of the vehicle is charged by a charging device provided og@sground
side, the method comprising: charging, by the charging device, the energy storage device with a
voltage set value which is near a maximum allowablel%ltage value of the energy storage device,
wherein the voltage set value is set to a value satisfying the following expression: VSm.VLm and
wherein VSm is a margin between the voltage set yaliyg and the maximum allowable voltage value,
and VL,m is a margin between a minimum value of a voltage value of the energy storage device while

the vehicle is ig-aryice ArdAdninmum dllenabiayoltage yakigelCiaimodl 1betharging meiod

according to claim 1, wherein the charging by the charging device comprises charging the energy

storage devicewiths _dasm&&ag%%h\éawﬁit&p@%@ﬂﬁ%ag@mw&%@? QBRIGY &oragadigvice during
powering of the vehicle is greater than a minimum allowable voltage value of the energy storage

device and thengliaas, valkeRf the energy sivkagadevicerduingrraensiativecarakingcatihgyehicle is
less than the maximum allowable voltage value of the energy storage device, and wherein the

voltage set vag g $ebioiea e M@s‘l@é?ﬁxéhﬁb@aéﬁ%@ﬁ%ﬁﬁi@é@ 30% with respect to the minimum
allowable voltage value during powering of the vehicle and that a margin of 5 to 30% with respect to
the maximum allowablg yeltage,yalue Jur aeeoer sty ediaking Akh8VaGIth a voltage set
value which is near a maximum allowable voltage value of the energy storage device,
wherein the voltage set value is set to a value satisfying the following
expression: VS,<VLn, and
wherein VS, is a margin between the voltage set value and the maximum
allowable voltage value, and VL,, is a margin between a minimum value of a voltage

value of the energy storage device while the vehicle is in service and a minimum

allowable voltage value.

[Claim 2] The charging method according 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 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, and
wherein the voltage set value is set to ensure such a value that a margin of 5 to
30% with respect to the minimum allowable voltage value during powering of the
vehicle and that a margin of 5 to 30% with respect to the maximum allowable voltage

value during regenerative braking of the vehicle.



MCSL t.. f* 17 [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 storage device of the vehicle is charged by a charging device providecMznﬂ Lg:(ound
side, wherein the charging device comprises control means, and the control means céﬁ?rc’ﬂs such
that the energy storage device is charged with a voltdge set value which is near a maximum allowable
voltage value of the energy storage device, wherein the voltage set value is set to a value

satisfying the f 58}’1‘{&”% n%%%ﬁ?ﬂ?g 'at?llslse‘r}f%fl"é':[ﬁﬂgportatf‘@!ﬂ%reqml\é%\;ﬁfﬁ)@t margindsiveeniths voltage

set value and the maximum aliowable voltage value, and VLm is a margin between a minimum value

of a voltage valug of the.anG"ay, SIQIRGEARYIRT IS Fea Wahidls hinseadrgandaminigup allowable

voltage value.

station on a track, the energy storage device of the 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 storage device is charged with a
voltage set value which is near a maximum allowable voltage value of the energy
storage device,

wherein the voltage set value is set to a value satisfying the following
expression: VS<VLp,, and

wherein VS,, is a margin between the voltage set value and the maximum
allowable voltage value, and VL, is a margin between a minimum value of a voltage
value of the energy storage device while the vehicle is in service and a minimum

allowable voltage value.

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

wherein the voltage set value is set to ensure such a value that a margin of 5 to
30% with respect to the minimum allowable voltage value during powering of the

vehicle and that a margin of 5 to 30% can be ensured with respect to the maximum



[Claim 4] The charging system according to claim 3, wherein the control means controls such that the
energy 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 the minimum allowable voltdgé 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 allowéble voltage value of the energy storage device,
and wherein the voltage set value is set to ensure such a value that a margin of 5 to 30% with
respect to the minim I le VO \ | in vehicle and that a margin of 5
to 30% can be@ﬁg&@e%]\%iit%\ggggggt%ﬁoﬂ?ﬁ rr% %ﬁﬁ%{}ggﬁggﬁﬁgﬁ gﬁ%b\\é/g' le voltage value during
regenerative braking of the vehicle.



