1 [Document Name] Description [Title of Invention] TEMPERATURE CONTROL METHOD AND
TEMPERA_TURE CONTROLLER [Technical Field] [0001] The present invention relates to a
tran_sportatlon system, without a contact wire, in which a vehicle mounted with an electric storage
device runs on a track, and in particular, relates to a temperature control method and a temperature
controller for controlling a temperature of the electrie¢ storage device mounted on the vehicle.
[Background Art] [0002] In recent years, among transportation systems in which a vehicle runs on

;ih set trhack, r@)&?ﬁ@%@r@ﬁ&r@e@ B%gé%ggiggnfigured such that a vehicle runs without receiving power supply
rough contact wires has been put in practical use. Generally, a vehicle for such a transportation

system withaul@ eontacemiise]iSTEMITRATWRE T ONTRICH MEAGO Beigsfot EXERBIAT Bidattery) for
accumulating power, and the vehicle is configured to accumulate power in the electric storage device
when the v '{j a station and thereby to run on a set track.

[Technical Field]
[0001]

The present invention relates to a transportation system, without a contact wire, in
which a vehicle mounted with an electric storage device runs on a track, and in particular,
relates to a temperature control method and a temperature controller for controlling a
temperature of the electric storage device mounted on the vehicle.

[Background Art]
[0002]

In recent years, among transportation systems in which a vehicle runs on a set track,
a transportation system configured such that a vehicle runs without receiving power supply
through contact wires has been put in practical use. Generally, a vehicle for such a
transportation system without a contact wire is equipped with an electrical storage device (for
example, a battery) for accumulating power, and the vehicle is configured to accumulate
power in the electric storage device when the vehicle stops at a station and thereby to run on a
set track.

[0003]

As described above, operations of the vehicle are performed by using power supplied
from the electric storage device in the transportation system without the contact wire.
Accordingly, in order to perform the operations of the vehicle without trouble, it is necessary
to calculate and manage the remaining capacity of the electric storage device.

Thus, there has heretofore been proposed a controller for an electric storage device
(for example, Patent Document 1). The controller is configured to calculate the currently
remaining capacity of the electric storage device on the basis of current data, voltage data, an
amount of self discharge, and the like of the electric storage device.

[Prior Art Document]
[Patent Document]

[0004]




[0003] As described above, operations of the vehicle are performed by using power supplied from
the electric storage device in the transportation system without the contact wire. Accordingly, in order
to perform the operations of the vehicle without trouble, it is necessary to calculate and manage the
remaining capacity of the electric storage device. Thus, there has heretofore been proposed a
controller for an electric storage device (for example2 Patent Document 1). The controller is configured
to calculate the currently remaining capacity of the electric storage device on the basis of current data,

voltage data, t If di ' ; i : :
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Docqmgnt] [Patent Documen Patent Document 1] Japanese Patent Application
Publication NuR6by b3GEER{Suimmary of the Invention] [Problems to be Solved by the Invention]

[Problems to be Solved by the Invention]
[0005]

The electric storage device generally has a maximum allowable voltage value and a
minimum allowable voltage value which are set in advance. When the electric storage
device goes into such a state that a voltage of the electric storage device falls outside a range
between the maximum allowable voltage value and the minimum allowable voltage value, an
interlocking function in the electric storage device works to prevent the electric storage device
from being used thereafter. Thus, during operations of the vehicle, the voltage of the electric
storage device needs to be maintained between the maximum allowable voltage value and the
minimum allowable voltage value.

[0006]

However, as shown in Fig. 7, continuous use of the electric storage device causes an
internal resistance in the electric storage device to gradually increase over elapsed months,
and as the result, the voltage of the electric storage device fluctuates greatly. When the
voltage of the electric storage device fluctuates greatly, a minimum voltage value Vi, of the
electric storage device gradually approaches a minimum allowable voltage value VL, and
consequently a margin Vi, between the minimum voltage value Vpin and the minimum
allowable voltage value VL becomes small, as shown in Fig. 8.

As described above, when the margin Vy, between the minimum voltage value Vyin
and the minimum allowable voltage value VL becomes small, the minimum voltage value
Vi, of the electric storage device may become less than the minimum allowable voltage
value VL, depending on the use state or the environment. Thereby, it becomes more likely
that the interlocking function works to prevent the electric storage device from being used.
That is, there arises the need for replacing the electric storage device and thus the electric
storage device cannot be used over a long time.

[0007]
The present invention has been made in view of such circumstances and aims to

provide a temperature control method and a temperature controller for an electric storage



[0005] The electric storage device generally has a maximum allowable voltage value and a
minimum allowable voltage value which are set in advance. When the electric storage device goes into
such a state that a voltage of the electric storage device falls outside a range between the maximum
allowable voltage value and the minimum allowable yoltage value, an interlocking function in the
electric storage device works to prevent the electric storage device from being used thereafter. Thus,
during operations of the vehicle, the voltage of the electric sto[%t%e device needs to be maintained
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However, asrshauindistithe breptindpusskse-lthe eleciisestarage device causes an internal
resistance in the electric storage device to gradually increase over elapsed months, and as the result,

the voltage O¥iasdivichet staihgEiablaee fluctuates greatly. When the voltage of the electric storage
device flucth%%% greatly, a minimum voltage value Vmin of the electric storage device gradually
approachesa m||]1imum allowable voltage value VL, and consequently a margin V. between the
minimum voltage vdluerdémio sifektihe mitimusvatiowablenaltagevalugdél Hasorsesismall,tas shown
in Fig. 8. As described above, when the margin V. between the minimum voltage value Vmin and

the minimuri SHOWABIE VR EGR AT PR RBEBR O LRoAm e itk FRIMIBRAGE AR E Y Bthe _
electric storage:flees.piay-bREAMAIESS dhanthgcminimaymalwaRleveltage ¥alye ML depgnding on

the use state or the environment. Thereby, it becomes more likely that the interlocking function works
to prevent tHEEECHE B ageaddAEs hidTichim gusvenFhasiganhe tevaris es tiveterepddaraeptacing the

electric storgqe fRYiEE AR 110 SlReUlc Strade, deyics canIpLbe used ovel adond dime, [0007] 3

device which are caparb e ofglncreasmg the Iite of the electric & orage deviceeven it A internal

resistance ofhtherelecinpstoage davisethedinkeidargeeciMaansfamSelking the.Pwobieminding
to the internal resistance of the electric storage device reaches a first predetermined voltage
value near a minimum allowable voltage value of the electric storage device, a first step of
controlling the electric storage device such that the electric storage device has a temperature
at which the minimum voltage value of the electric storage device is maintained at the first
predetermined voltage value, in which the first step is to raise the temperature of the electric
storage device with the deterioration of the electric storage device so as to maintain the
minimum voltage value of the electric storage device at the first predetermined voltage value,
and in which the first predetermined voltage value is set at a value of 110 % to 120 % of the
minimum allowable voltage value.
[0009]

According to another embodiment of the present invention, the method further
includes, when a maximum voltage value corresponding to the internal resistance of the
electric storage device reaches a second predetermined voltage value near a maximum
allowable voltage value of the electric storage device at the time of regeneration braking of
the vehicle, a second step of controlling the electric storage device such that the electric
storage device has a temperature at which the maximum voltage value of the electric storége
device is maintained at the second predetermined voltage value, in which the second step is to
raise the temperature of the electric storage device with the deterioration of the electric
storage device so as to maintain the maximum voltage value of the electric storage device at

the second predetermined voltage value, and in which the second predetermined voltage value




[0008] In order to solve the problems of the conventional techniques, an embodiment of the
present invention provides a temperature control method for controlling a temperature of an electric
storage device mounted on a vehicle when the vehicle runs on a track, the electric storage having
such a characteristic that an internal resistance lowers as the temperature rises and the internal
resistance increases as deterioration of the electric stbrage device increases at the same temperature.
The method includes, when a minimum voltage value corresponding to the internal resistance of the
electric storagesdeviceareashes a fssipredeiermingd.¥Rage yaluR fear.ainimum allowable voltage
value of the electric storage device, a first step of controlling the electric storage device such that the
electric storaé%ob@vice has a temperature at which the minimum voltage value of the electric storage

device is maintained gf fhe. fitst, Pk ronined voltage value, in which the first step is to raise the
temperature of the eﬁ?ricrstoragﬁ%?i @\Q\ﬁtﬂr%@éﬁ etveeP%?élt%rﬁvé e KRR dRitedo as to

maintain the fainiomtnollirgltagenvadugued tieaelekititd stosage devieembibedirst Rredgterningd woltage
value, and in which the first predetermined voltage value is set at a value of 110 % to 120 % of the
minimum a||0\\llt\3la16ﬁ8 Vol 1 5atf38.(’[dg%‘5’?ecmc ARssRiRYy iBcatisther eivmssiannbnttbfitae priseit
invention, themieifiod rthetmeludasnen maxmmyalaoe valie.conesponding o hedptemnal
resistance of the electric storage device reaches a second predetermined voltage value near a
maximum all8ivpResBitagerdet s destacetartiet Sorage tavjcematthe Tinerefiedentrationt braking of
the vehicle, o rolling.the_electric storage device such that the electric storage
device has aasgﬁngg%%%poggﬁﬁi%t éeq}gr(#gk?mﬁg% %/%ﬁéﬁ% g/rzlatfﬁg%g thE SfeSHcSiortEy AediissichR
maintained ath#etse e predetermiretydtage walperdmwhichihiersecondisien isdQaRise:the
temperature of the electric stora%'eﬁd\é?vice with the deterioration of the electric storage device so as to

maintain the Maximum Yoltade! JFthERIe AtiterIrabic gkvies detice Bewones sradetermfired
voliage vlugrat mBIo R So8RR AEUBETURANIRGE YaIUE: 4058 3 Ayalie 180% to 2
% of the maximum allowable voltage value. [0010] Another embodiment of the present invention
provides a teffpsfatiiié dirdolinctporationscenthsiviyialtemperaidreaf af electiiatoragsederice

mounted on IC icle, runs on a track, the electric storage having such a
characteristic?t %%?éaél%%\{%?sr?gﬁrihég%%g(lee%%esrtgrg%etﬁcgvt%?n%aesr%tﬁpépﬁ?gg AL s S tance

increases aswéteriordtionfithel etediritsigeageidevicmingreases ahdhasamadempaiatysa.Jhe
method includis: at{h tart of operations of the vehicle, a first step of controlling the electric storage

e
device such tlidithe @Fefﬁ% By Lo devite hadeqpsrapes tlifbeataaticnsioregnidryineveitae Yalue
corresponding:iarainianal iesistanes olR ARGIIE alora0R AR PALOmEs Sauallg afIt.
predetermined voltage value near a minimum allowable voltage value of t & electric s?orage%fewce;
and during tHéldperatidissesane sienitido asswcindestepraficontroking the elecige dtorageiderice such
~ that the electy] ice has a temperature at which the. minimuym voltage value of the electric
storage devigéquf%g%%a?fgg g%et%rel%i?é r%fi?e é&%"r%%.%%% %ﬁ’t%%‘@é%@‘ﬁﬁ@”ﬁ’?s‘f@f%%? iEe{ya8ivee the

e

temperature dfthe efecitie stoiagerderdichrsophattimimininimpyoliage vaiue gfdhs electiniprage
device reaches the first predetermined voltaqe value, and the second step is to raise the temperature
of the electrid SIBFaGR Helitd it aleedbibiioratiohbr e testiinrsadewiliceacagabimaintain the
minimum voltagg yalue of the electric storage device at the first predetermined voltage value. The first
predetermined voltage value is set at a value of 110 % to 120 % of the minimum allowable voltage
value. [0011] Adssditipaoariotibere mbodimentt of tihe present imeeniian, theermeeibd difurther
includes: at t of pperatiops of the vehicle, a third step, of controlling the electric storage device
such that thgﬁegll%gg' SRR R %%&‘ﬂ?eaa REPLhasilivevBralssus sierage

ectric storage dpewggr%as a temp

corresponding e dhadntemnaheedisianca KhibaialretrgSiaRgR daviCe hacemessanalip.a sgeond
predetermined voltage value near a maximum allowable voltage value of the electric storage device;

and at the tinfEUSrFGEReRAtsH bHaingaaling e sraeshs Bitervehilsieca feumtestepabdfcantrolling
the electric siaraae ewies:sHeh (ks elgetis Sloaas devise an asempetaiure atwhigh the
maximum voltage value of the electric storage device is maintained at the'second pre(fe?er ihed
voltage valuéloTags deivigsstepdigittoives tiecmmpatiatubeakibthéuring the operations of the vehicle, a

fourth step of controlling the electric storage device such that the electric storage device has a

temperature at which the maximum voltage value of the electric storage device is maintained

at the second predetermined voltage value. The third step is to lower the temperature of the




5 electric storage device so that the maximum voltage value of the electric storage device reaches the
second predetermined voltage value, and the fourth step is to raise the temperature of the electric
storage device with the deterioration of the electric storage device so as to maintain the maximum
voltage value of the electric storage device at the second predetermined voltage value. The second
predetermined voltage value is set at a value of 80 % to 90% of the minimum allowable voltage value.
[0012] Another embodiment of the present invention provides a temperature controller for

controlling a faripsrAIELASH eettribatdha uatinmg wiatetabi o Udkchienriersresseditlecruns on
a track, the eleqihis $HeIRESNRYIAGSHCRR ChRkRECIGISIG thahan, ik @Qr% 15 ?‘c%fr%e}%c%é?e’vrg 5 a5 the

temperature rises and the internal resistance increases as deterioration of the electric storage device
increases at fiesafhesienpeiese deVitsevtssn fer dies wontroké tinctiches: firstamedas dorscanteolling the

electric storaggdgyice;such gg%tugge lectric storage.device has a temperature at which the minimum
voltage value of the electric %torage gg%% S is #‘ﬁn afin%ﬁ at temﬁrgfcfff%ae Hiihed vOtage-tiiue when

the minimumpvettagenuaide dogespbrdingie shavitereattesisiancelabiherieciricsiorags deyvice
reaches the fgg%g/p{eggt??rg{lined voltage value near the minimum allowable voltage value of the electric
storage device, in Which e M S RBARs LR irdaLt Bie the temperature of the electric storage
device with theodgterioration of the electric storage device so as to maintain the minimum voltage
value of the electric storage device at the first predetermined voltage value, and in which the first
predetermined voltageV&Riecbodinen ¢Althe 0fcbtd doventi@0 Sroviflther reimipatanorallowabliervioltage

value. [0013]contrpﬁﬁfgogqgﬁ9p£9aaﬂg t(g]fe arneerin kc)ggcl rsr%%re]xt g fdter\]/?cg rn%(gsge{%%nventi%} té%?&g:rgn "]e%r\?#g%elﬁ]e

controller further includes: second means for controfiing the e s%@a?j

electric storagedenrieetials ahtemperatureaewhicha smaximumaieliage valus.coresnaading, te the
internal resisfance of the electric storage device is maintained at a second predetermined voltage

value near a MAHRIPSIISWEBRIWEER5E TRfulofisnaldetinasts: yecdevics dieiothomagimim
vottage valua et aleelic slorags: RIS becamsaRauahia G 8eoHl RIGIRISHINNed Kofage value
n
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at the time of regeneration braking of the vehicle, in 6 which the seco means 1s con?lgurecf o raise
the temperatthi@usethéislcaadesstor agatudiisetivit atie deteniorationofibie tleatricesicragadasice so as

voltage valug e s T S SR HGE e e S ARG 150 oo 0 %
of the maximuaingdiowdlate tholtfige yaddeterfibd] voltage value when the minimum voltage value
corresponding to the internal resistance of the electric storage device reaches the first
predetermined voltage value near the minimum allowable voltage value of the electric storage
device, in which the first means is configured to raise the temperature of the electric storage
device with the deterioration of the electric storage device so as to maintain the minimum
voltage value of the electric storage device at the first predetermined voltage value, and in
which the first predetermined voltage value is set at a value of 110 % to 120 % of the
minimum allowable voltage value.
[0013]

According to another embodiment of the present invention, the temperature
controller further includes: second means for controlling the electric storage device such that
the electric storage device has a temperature at which a maximum voltage value
corresponding to the internal resistance of the electric storage device is maintained at a second
predetermined voltage value near a maximum allowable voltage value of the electric storage

device when the maximum voltage value of the electric storage device becomes equal to the

second predetermined voltage value at the time of regeneration braking of the vehicle, in




Another embodiment of the present invention provides a temperature controller for controlling a
temperature of an electric storage device mounted on a vehicle when the vehicle runs on a track, the
electric storage having such a characteristic that an internal resistance lowers as the temperature rises
and the internal resistance increases as deterioratiorngof the electric storage device increases at the
same temperature. The temperature controller includes: first means for controlling the electric storage
device at sta\ghggho%eraetic%gg of the vehicle such that the electric storage device has a temperature at

which a minimum voltage valug corresporiding 10 HESIAe FiRPraiua AEdhsraietatetitives b Ese device

becomes equélhtona fesirpriadeiesminedivaliagevallaneas @ mmmagi%@bﬁ@m@g%@%@ of the
electric storage device: and second means for controlling the electric storage device during the

operations of 41 YEMEISISEIEN tHaPEs e et boragndende tainademiaatmiscarwhichvieiminimum
voltage valug,ofuhe Rlgsticisiarage dauise isimaintaingd at the frshRredetsrmined voliage value. The
first means is configured to lower the temperature of the electric storage device so that the minimum
voltage valuéllsripetetiaie stdrage device reaches the first predetermined voltage value, and the
second meaﬂﬁ)ﬁfonfigured to raise the temperature of the electric storage device with the
deterioration of the electric storage device so as to maintain the minimum voltage value of the electric

storage device at the fissicpredeierminedivakagesvaluevhhenfissspaedatermined xoliags Nalys: is set at
a value of 110 % to 120 % of the minimum allowable voltage value. [0015] According to another

embodiment 8P Hife PR SMBRLHE R, Aneltsip stamacdesice anemiarinemrinehice sviibirtherishisk: for

controling hia:leaticiaiaraae device aidhesiatinl QRsralians.eldhe vahicls, et il dng giectric
storage device has a temperature at which'a maximum voltage value corresponcflrng {0 the internal
resistance ofdnerelecthie Stonsgiweviees betdmestenahktsisnser dndepsedetedminechialtagevalue

near a maxirg‘lg @II wabhle yoltage value of the electric storage device: and fourth means for
controlling the g}elctr%%ogat%?a%eevﬁgv{gg%atsﬁ%e Frﬁ%eo? arrélﬁeﬁg}%%ﬁwrﬁrakm& JGRRG AN D 5ERERERS of the

vehicle suchithatithe @lactiastiatage desice:nas ademperatueatwbishdhs mayimummQliage value of
the electric storaFge device is maintained at the second predetermined voltage value. The third means

is configured 8 BwRtcth &t hpsiatiite Brires dledsichstordgantevios sbwhidthenrimmmtunaltage
value of the glattigsiqraae davias isachasdhe see redetermined voltage value, and the fourth
means is configureé t(ﬂ%raisé%ﬁe temperature of the %?&%é%%?agg%m evg(e:glﬁ%t e?ﬂrgﬁeeféur%rt%ﬁon of the
electric stordté desletesoingsityahaintamuheamaximimmuoltatienslisevofitae eleciricrsteragetdevice at
the second @{gr%%eggvipc%d gg&tas?lgo\ﬁglueéa;lr'lhefsecontd Hredeé%rmined voltage value is set at a value of
80 % to 90 % of the maximum allowable voitage Yalie. RS SEFIRS Mostot oo 1Brine the

temperaturecpeririohmethincetosding thihenpeeeant iRyRRHCREAHSMPRIAHIS R Amethed for
controlling a temperature of an electric storage device mounted on a vehicle when the vehicle runs on

a track, the SIELRER e HaRe NaliRglslerrls rametsrtievipmisandinteinrd atdistinteiolversimsdhe
temperatureyisgsandhe inferal tesistanae inereases Bz dsierioration of he eleptrc storage device
increases at the same temperature. The method includes, when a minimum vc}ﬁfflage valge ee
correspondidgviectise iarital reistance didbhe elbetrid shoragende vioe seathes aditstpredetesmined
voltage value Near a migim alloyvableélga{%a;e vajue of the electric storage device, a first step of

h

n 3 PR RSB SEordtsa ad R B Isadhs temisaratarelat which

controlling the eleethe s o‘r/glgaegaewgg’

the minimunthvoliageivaise.gé the, Rlectiis trage-demes s Mantaingd.alihe firgpredetermiped
voltage value, in which the first step is to raise the temperature of the electric’storage device with the
deterioratioTBftRe it Stsrage Hssiceles aisths aedhtairictaeendiniivun toltigevadoeofitheé electric

storage deviggatdhg ficst predetermingd.valiage value, and in which the first predetermiped voltage
value is set at ag\%alue of 110 % to %O °/§of the m}%n%é]gu\r/ﬁ%?lés\'/vsg g%’ %lﬁeo\%gl[use./%&&} d'ﬁgqg/, even if
the voltage 8fthdnstecmiclBivriievdduievstagts to fluctuate

[0015]

According to another embodiment of the present invention, the temperature
controller further includes: third means for controlling the electric storage device at the start
of operations of the vehicle such that the electric storage device has a temperature at which a

maximum voltage value corresponding to the internal resistance of the electric storage device




8 greatly with the increase of the internal resistance of the electric storage device, the minimum
voltage value of the electric storage device is maintained with a predetermined margin secured with
respect to the minimum allowable voltage value of the electric storage device. Thus, there is no
possibility that the minimum voltage value of the eleciric storage device being less than the minimum
allowable voltage value, depending on the use state or the environment. This makes it possible to use
the electric s device within a ran etween the allowable voltage values over a longer time
B%gggl%s € uzcﬂ fo a seconda Hl%gePermlnecP \{éle? ev B? m 6 erﬁ%ylgmﬁél%\f/é%{ﬁ 67%1%%ge

period than a conventional device and to increase

device. [0017hlue oAdeordiogitostbe jerdpeiatuiadcantnal meshotothianiesentinvantiondhg.method
further incIudéIeS, when a maximum voltage value corresponding to the internal resistance of the electric

storage devics1&a2hEY 4108 HassRsHiRRiAEaS Bipe altkeEara thibamdnslalioelatie voltage
value of the elegificsxiRIa0% deVisssal iheime.ef HeoRneraton.braking g the wehicle,a second step of
controlling the electric storage device such that the electric storage device fﬂas a tempera?ure at which
the maximuri¥/giageves ierofitheeé aribstorane Meditensnuhinizipe d-dtdhe Becond predetermined
voltage value, in-whigh.the second step is to raise.the temperature of the electric storage device with
the deteriorat%nl%ﬁl?f#?etélg%ﬁé %%rgfgm RVice 8,% B B 0t TN ob IRy GSIRETBY the

electric storagétaievietiabthbseleonit predgtetmivedoucitagacvalimdanddnamiichitheisgeanthe,
predetermined v[%lf}gg@i\{alue is set at_a value of 80 % to 90 % of the maximum allowable voltage

value. AR LSRN theoDEistd &t thiscdiuciFrersishage Bilvickesluistsiategcgiaaely witth the
increase of the ineMmahissisiance REthe flelicsippEgse dey ‘ﬁ%ﬂﬂaﬁ}{%ﬁeaiﬂa%ﬁﬁa“%?' enyironment
that a voltage value at the time of regeneration reaches the maximum voltage value ofihe electric
storage devieé, Hseaisaiimsiragsitdgeisalife thf theeldcricistorayedevicais maintaifieg wittna
predetermin I8 d with respect to the maxi allo le voltage value of the electric
storage devi%%@%%ﬁ%%%g % eovgousesfg}ﬁ?%/ ﬁgaat‘fﬁltlalemoa%;gi rb:%’rﬁ[ %%Z”%&ﬁﬁé%%ﬁ@*@&wa&srage
device will bedjremtesithan the maximum allowable voltage value, depending on the use state or the
environmenté’pis makes it possible to use the electric storage device within a range between the
allowable vof S%C%E@S BV&P%OEJnger time period than a conventional device and to increase the life
(durable peripd) ©f the electric 9 storage device. [0018] A temperature control method of the
present invention is a temperature control method for controlling a temperature of an electric storage
device mounted on & Vehisleiuserrttivolehitledrarmaing tradk; thesaledtrienstardge havjrgasueh a
characteristi¢ that,an internal rggfi&tg&ge Igvtvers as the temperature rises and the internal resistance
increases as deterioration of the electic sto?glé)gr?fél%ﬁc% iRErESSEY IS SAndcfe PSR The

method includis:latine shart ofidpetationsafdhe wehielasia fissiaianof cantalling e lectig storage
device such that the electric storage device has a temperature at which a minimum voltage value

correspondifi§ 1B ERANETARRS SRR @b th i BREHIE S A ga G 8vidatpaebrass g anes e fires
predetermingekyaliagsnvatus-ngana-ipiaydielawabie voltage. valye %frl]iggreﬁlll?g tricglorage device;

and during the operations of the vehicle, a second step of controlling the electric storage device such
that the electfidwteragbaiediceitiasia teniiseratatecatonhiphitiegninitharmaitagesiahiecob thacelectric
storage devigg Ci%igns g)r}gaiSngéjV%te tzheea éi}rst pre etermined \%%Ita e value. The first step is to lower the
temperature of t Nice'St MURES oIt G4 d b HER RiMENtorage

LCaClier
e electric storage device SO ?ha {(ﬁ

device reachestibe fisstepoedrtesrained sioliagaivalie «andile secaudiRiaR isdR raiseihedepperature
of the electriﬁ storage device with the deterioration of the electric: storage device so as to maintain the

minimum voftagecviaitie BtHe slectic Lesragdaiandess tramstpredetbiehifednvoltage valtage The first
Sg?ggterminegyégﬁ% VRLAIS BRI BVRAING Hlatd it 18 A0k QLiRg Mminimpm allowable voltage
‘which the first step is to raise the temperature of the electric storage device with the
deterioration of the electric storage device so as to maintain the minimum voltage value of the
electric storage device at the first predetermined voltage value, and in which the first
predetermined voltage value is set at a value of 110 % to 120 % of the minimum allowable

voltage value.

Accordingly, even if the voltage of the electric storage device starts to fluctuate




Accordingly, the minimum voltage value of the electric storage device is constantly maintained from

- the start of the operations of the vehicle with a predetermined margin secured with respect to the
minimum allowable voltage value of the electric storage device. Thus, there is no possibility that the
minimum voltage value of the electric storage devicegwill be less than the minimum allowable voltage
value, depending on the use state or the environment. This makes it possible to use the electric
storage devi ithi ween the allowable voltage values over a longer time period than a
convg ntionagge %&%ﬁtﬁ%&ggﬁéﬁg%ﬁﬁ%%@n% 63?31&?860(?%’ & ee?%%ﬂ‘fcsg’t@l%?g%‘ﬁ?é?fi iR EEMRBIed at

the start of op@tagionsliod thietuehitdetso thattednitimismoliagedalue of thedslesinicstarags device
can be equal to aeé)reg}?termined voltage value near the minimum allowable voltage value of the 10
v

electric storage BaVics” THRELRrBIBIRL Mo auabiforatiserorine efdberivlatsingerdesiteyior a certain
time period from the-stastef ppeiBliRpshandas themesybidhe il é'f*‘?h%'%f?égiﬁé‘s%ﬁ%% dgyice can be
e

increased further. [0019] According to the temperature control method of the present invention,
the method fRfHelsHchidedhammrintm o opiationtses tréueeldigiendinhird stepusé cantroflinig: the
electric storage;fevice sugh that the eI[e ric.storage device has. a temperature at which a maximum
voltage value corresponding fo taé:eisntlerﬁaTsrlc?sels%%n%sg ?[)}1{?heeleﬁélgtr?&oé?g?a%%vﬁgv?@éhﬂééoFﬁ%%eequal to

a second prédetermihedlioitage vallaecnedia meximongallawablevaliage yaliR giiheelestic storage
device; and at&he.time ofg%\afneration braking during the operations of the vehicle, a fourth step of
controlling tHe el BHE SR G RGeS Re iR OfHBelsEtFiE Yr5PaEEIETice has a temperature at which
the maximurfpyoitage value of the electric storage device is maintained at the second predetermined
voltage value. The third step is to lower the temperature of the electric storage device so that the
maximum voltage vAItROBI B @ Ibetinperige devicd resohbstie: seeomd predeterniinadevaltage
value, and t r i ajse the temperature of the electric storage device with the
deterioratior?%rgfg#e% gg%éﬁ%ééﬁc%@%%msg%é o mamntanhe r?%ﬁéﬁ%iﬁ?u PUBIEAYE (rRaiSatse e electric

storage devitte atdfigcseoond dredetesmingchveliage palivbhesecnndrretetaemined valiage value is
setata valueuof 80 % to 90 % of the maximum allowable voltagqe value. Accordingly, even if the

voltage of the SIEHic Qe s Ridhruelerifssraat i ovigs aidhndimasy stasnsirterrapkésistance of
the electric siRrage devic:td suGh-3nPREFAIANA aRVIRBME @{otxtlgg %3%@9%%&911&{%% g ihg time of

regeneration reaches the maximum voltage value of the electric storage device, the maximum voltage
value of the BRéatficetiiabe ddvivecEonstaritlyhtizinmineufromtiye start of the dperatiaprafthe

vehicle with min in. secyred wijth respect to the maximum allowable voltage value of
the electric g%%%%%%%%%&‘%ﬁ%@%%é?‘éo% ,‘?E,ep%{ggfﬂﬁﬁy YREFR & HiS i OdRa seeRiueBAtRR electric

storage devicéswilhbecgrpatenthal the maximumrajowaile witaasvalus; sdepending,onthe yse state
or the environment, This makes it possible to use the electric storage device within a range between

the allowabl&V8RaJENLI T8 LD PE IIAGN G me FBHBY fRacay abisveiriio iy iterB0R0f ce bt

the second predetermined voltage value, and in which the second predetermined voltage value
is set at a value of 80 % to 90 % of the maximum allowable voltage value.

Accordingly, even if the voltage of the electric storage device fluctuates greatly with
the increase of the internal resistance of the electric storage device in such an operational
environment that a voltage value at the time of regeneration reaches the maximum voltage
value of the electric storage device, the maximum voltage value of the electric storage device
is maintained with a predetermined margin secured with respect to the maximum allowable
voltage value of the electric storage device. Thus, there is no possibility that the maximum
voltage value of the electric storage device will be greater than the maximum allowable
voltage value, depending on the use state or the environment. This makes it possible to use
the electric storage device within a range between the allowable voltage values over a longer

time period than a conventional device and to increase the life (durable period) of the electric




A temperature controller according to the present invention is a temperature controller for controlling a
temperature of an electric storage device mounted on a vehicle when the vehicle runs on a track, the
electric storage having such a characteristic that an internal resistance lowers as the temperature rises
and the internal resistance increases as deterioration, of the electric storage device increases at the
same temperature. The temperature controller includes: first means for controlling the electric storage
device such that the electric storage device has a temperature at which the minimum voltage value of
the electric §8F%%eed8}é’\9ﬁ:e is maintained at the first predetermined voltage value when the minimum
voltage valuggogresponding to the internal resistance of the electric storage device reaches the first
predetermined voltage value near the minimum allowable voltage value of the electric storage device,
in which the first mearistipeghfiguret® raigbahefethperasant oivting @leistric stopageudevicersiith the
deterioratio he electri rage device so as to,maintain the minimum voltage value of the electric
storage devr}é%ﬁg%%h%rfﬁ%ﬁf%ﬁé%gt%?%? grc?\%‘ftg%%nv% e 1 Cagnt%rallﬁew SieRRe s p‘P%&th fh‘@?je{}oltage

value is set dteavehidie ofrkldh % tiack2Gheocbictiie mirigURaliowanle vakage valtenat an AGSAKAINGlY,
even if the voltaé;e of the electric storage device fluctuates greatly with the increase of the internal

resistance oftHE BRCITELISIRTE FRRCR T RIRRRGMS DY Vaiisiensetisatsetic detsagiativavice is
maintained witthadiesetasnined Mar giorsaeradnvithrespastie.the minimum allgwakle yojage value
of the electric storage device. Thus, there is no possibility that the minimum voltage value of the
electric storatét fb\ieardifinseofeids trrlictheantininitem efl owblEngottegaevaivestdepedding smthe use
state or the gnyir, -This makes it possible to use the electric storage device within a range
between theﬁgl\lloé\)}gg%gé%%aé%r\a}% u(étff:,wé‘\!/%er:%l aaslo%étg?lﬁ?ﬁaéuﬁgr%d\? an & c‘gwgﬁ%n%%ﬂl@%ic\@l&ﬁd to

increase theclifecofdhéelectric istorageddariaes: (1084 tectricAtsardingviocthetaraperatuig santroller of
the present invention, the temperature controller further includes: second means for controlling the

electric stor&5e HEUTIBSLYH Bea {HE MR StbiagR ddonebkavkgsmpbianirdacktiiin womesimum
voltage valug.cucsending:te.enialn sistanasal he slaairclamgs dsyis [Fmaniained at a
second predetermined voltage value near a maximum allowable voltage value of the electric storage
12 device wHerrgselavindmgmtireithgeivaltie sbthes eledtidisioragepdevice tiecbintethequiainionthe

d termi I I t the ti f eration braki fth hicle, in which th
seconc PredgRIlNGR.Y AL NS AL SE.L S QLIRISRINSN e R Y

age
second means Is con Igured to raise the Iie‘g?npera%ure

deteriorationvalfithe Elecfiist stepagerciévies seasipdnainiain thedaaximumayeltage.valie,of the electric
storage device at the second predetermined voltage value, and in which the second predetermined

voltage valuB'{BBILY A GSH B BFSY Hhci5!ein, Bt Arkimisashatotmabie verdsiewied voltage
Accordinglyvexendhihae aliaag Gbihe eleside loreapdiaies R urien JeallWID e ergase of the
internal resistance of the electric storage device in such an operational environment that a voeltage
value at the diisaioptogendhatidrs réaghesthis vimdorasto voltage vhdueinihihe etdcisicvalosagehdevice,
the maximuge\égrlitca%% %/aalu% eoJi éQeaFI%%t?C %torag% devicg is maintained with a predetermined margin
secured with respect 16 the maxinmum alowabie VoItags VAt e Slectié dbvapE it hus,

there is no pasgeiilityithas taeamavatount vollage viaue:qfrie alaciizsioraasidevicgilibe greater than
the maximum allowable voltage value, depending on the use state or the environment. This makes it

possible to use the él%“cﬁﬁ%%ré‘@%rﬂ"é‘%’f}%ﬁﬁ]ﬁ% %ﬁe%éﬁé@ﬁtﬁﬁé@ﬂ@ﬁvaﬁéwﬁa@m@ﬂm over a
longer time periadthanya romertionat devissANKIQ Inergasr g ife: dyrabls eriod) of the electric
storage device. [0022] A temperature controller according to the present invention is a
temperaturesegnadietfoeguntrollihg mitemperationeableavpbigetrid starage devide mounierdaa vehicle
when the vehicle runs on a track, the glectric storage having such a characteristic that an internal
ittty i e ng' &) TF?&FQP’ Hseahbs %%?E%Ys%%r%\%e&@i/é‘f?o‘i”élﬁon of the

) . eret*l Q
resistance lowers as the te perature rises an ein

electric storageleRvisennekeasemalihelrarasléemparatuigu hejerngrainre.conirolistinglydes: first
means for controlling the electric storage device at start of operations of the vehicle such that the

electric stor&J8'gBUIEB had BteniseratumostNmith Bseimilpqtiie tioresrallyisorretiondingto the
internal resisianee: Ahihe SRS steIRARARYIR PerRAMEYAARKI B e predsiermined yotage value
near a minimum allowable voltage value of the electric’ storage device; an second means for

controlling the electficsttrage, devieeperringethé thp erativn siob faelmebidlecsuebl thatithe elgetric storage

device has a tem eratyre at . . .
operations ot the vehicle so that the minimum voltage value of the electric storage device can

be equal to a predetermined voltage value near the minimum allowable voltage value of the




13 which the minimum voltage value of the electric storage device is maintained at the first
predetermined voltage value. The first means is configured to lower the temperature of the electric
storage device so that the minimum voltage value of the electric storage device reaches the first
predetermined voltage value, and the second meanggs configured to raise the temperature of the
electric storage device with the deterioration of the electric storage device so as to maintain the

minimum voltage value of the electric storage device at the first predetermined voltage value. The first
predeterminég%%Ttgg)éa§glé%vige'settfahezf Valde of 11 Q%ntgeﬁﬁ”@?g%? Fﬁleﬁf%iﬁ%ﬁﬁf%s ?ﬁg\%ﬁa f&'Yoltage

value. Aoearcingly,tthe peinihtanhyoltagevelup@htbeselpatrc htorage dpYiGe: isrernsiamtly
maintained from the start of the operations of the vehicle with a predetermined margin secured with
respect to tHEORFHIRIASHBVPABIE G81Eddiitie of the electric storage device, Thus, there is no
possibility thaffte minimum voltage value of the electric storage device will be less than the minimum
allowable voltage value, depending on the use state or the environment. This makes it possible to use
the electric storage deviedingitioirile tamger vatweenenziibadabidheottagey aluestiovetha lopged time

period than nven}io al q%\[{ic%rt ¢ In pa%rticul r theﬁ?ﬁ perature of the electric sg)rgl1 e device is
controlled af the start ggégpgratfosn% of the vehic e(%gh fha %’%iﬁlﬁg{usgﬁpv% EYEvaIR 0F %é’télfectric

storage devigeregn heieguatiiatapiedaterminesaeli@gecyalueneantheminimyrtallowablgumoltage
value of the efl}%ctric storage device. The control slows down deterioration of the electric storage device

for a certain fREPSABY FIFT IR LR o RpBISIh SCHHEnSs o thedlecire Rrrefeevie deieitsrage
device can hgincteasedHIthaladQARiRtd volACCHIRGI e IemNErAtHS SoRtRIIEL O the Riesent

invention, the temperature controller further includes: third means for controlling the electric storage
device at thébstalechioperagiotry st iladailihsléimgch theanthetiefebtridstdrame teviceriiamadiiperature
at which a magim Yoliaoealye.corampending o the iemaliesisiance, ol ihe gleclric sigrage
device becomes efjual to a second predetermined voltage value near a maximum allowabigvoltage

value of thedelectrimstorage-tevice; ahidfahsthaneans foreantcoling the lesiticistarage device at the
time of regeneration braking during, the operations of the vehicle such that the electric storage device

has a tempeFRFE R HiHT S SR RSERRIOMAGS Valteor i elebbdcthind stismde Belrsishpaintained
at the secongd predeigrmingd Meliageyalye aliedhly %@l%ﬁ@%ﬁ?&&ﬂﬂ%‘?%é%ﬁ%e&tﬁ% tgpgrature of

the electric storage device so that the maximum voltage value of the electric storage device reaches
the second predetetavinedeeditigbossiradamadierignethwrsanyiduconiiytirethtothaise the teisperature

of the electri stpra e device with the deterioration .of the. electric storage device so as to maintain the
maximum vo t%g%m\}gaelrl?eu%ef tcﬁé% ésleeé F%Igt%?roe{a%e evics giﬁ[ éﬁge%eéﬁl lﬁ%godlefgr%?nglﬁc\t/%ﬁﬁ&’éa\%lue. The
second preditekmineds/altaganvdi ehis setiatmvablagf %006 40 80 Ueof thetmadrammalpwrble

voltage value. )
second predetermined voltage value. The second predetermined voltage value is set at a
value of 80 % to 90 % of the maximum allowable voltage value.

Accordingly, even if the voltage of the electric storage device fluctuates greatly with
the increase of the internal resistance of the electric storage device in such an operational
environment that a voltage value at the time of regeneration reaches the maximum voltage
value of the electric storage device, the maximum voltage value of the electric storage device
is constantly maintained from the start of the operation of the vehicle with a predetermined
margin secured with respect to the maximum allowable voltage value of the electric storage
device. Thus, there is no possibility that the maximum voltage value of the electric storage
device will be greater than the maximum allowable voltage value, depending on the use state
or the environment. This makes it possible to use the electric storage device within a range
between the allowable voltage values over a longer time period than a conventional device.

[0020]




Accordingly, even if the voltage of the electric storage device fluctuates greatly with the increase of the
internal resistance of the electric storage device in such an operational environment that a voltage
value at the time of regeneration reaches the maximum voltage value of the electric storage device,
the maximum voltage value of the electric storage dgyice is constantly maintained from the start of the
operations of the vehicle with a predetermined margin secured with respect to the maximum allowable

voltage value of the electric storage device. Thus, there is no possibility that the maximum voltage
value of the electric StofSYRFFIT NI B rssir thari th &% m aNeRaBId cltdgansatiae

depending oBdhe,Use6taenab e LN ViaRment J;%r@fé%&ﬁ;iEtBQa‘g%JQi@ﬁ%ﬁ%%&ﬁé&tﬁacgj%%ﬁe{eage

device within a range between the allowable voltage values over a longer time period than a _
conventional'desfidee [BEd Oassriptiontetihdi relpdtitgsiioog hirige KhFlige thsracdingianhofa vehicle

of a transportation s ithout a contact wire 15 according,to embodiments of the present
invention, viggﬁ\%%(%g%%@b%n&%y%ﬁggt%ﬁ.Ct G S Eig s E grtfgllt%ﬁns1 r(Sl\ailcéi Ssgt?élfaf‘tigﬁ ?ﬁf)esbéfween_ an
internal resistancerationa ¢émiperaltere ofsthegledtridestaragadevicent thamehigipimthe tramgportation

system without the contact wire. [Fig. 3] Fig. 3 is a graph showing a relationship between an internal

resistance and B E¥ Y SlalsBiisio ’Eﬂs"é‘iafﬁefﬂhfé’lﬁf‘?ﬁ"iﬁﬁ’e%%ﬁ%ﬁﬂi_é tepiser dntiies ool
method accogingdea-tiistesnhedisirntiol thepresantdnysntion ol i 4hGid- 4 is & rarhshowing a

relationship between a voltage value and the number of elapsed mqnths of the electric s.torage device
at the time ofifipiemerasg dhe e ispariniriedrtrchen St dradeordimgdoviriedirst@mbetimeht of the

present nvenian: [F¥ 1E1g 15 4913gl 1A aelalonship betueen an el cesisance and
the number of elapseg months at%he tlrﬁe of inplementing a tempsratutBS BRI SRHSASEESrding to
a second emisaciimeht dift therpiesentriadentiage value near the minimum allowable voltage value of

the electric storage device, in which the first means is configured to raise the temperature of

the electric storage device with the deterioration of the electric storage device so as to

maintain the minimum voltage value of the electric storage device at the first predetermined

voltage value, and in which the first predetermined voltage value is set at a value of 110 % to

120 % of the minimum allowable voltage value.

Accordingly, even if the voltage of the electric storage device fluctuates greatly with
the increase of the internal resistancé of the electric storage device, the minimum voltage
value of the electric storage device is maintained with a predetermined margin secured with
respect to the minimum allowable voltage value of the electric storage device. Thus, there is
no possibility that the minimum voltage value of the electric storage device will be less than
the minimum allowable voltage value, depending on the use state or the environment. This
makes it possible to use the electric storage device within a range between the allowable
voltage values over a longer time period than a conventional device and to increase the life of
the electric storage device.

[0021]

According to the temperature controller of the present invention, the temperature
controller further includes: second means for controlling the electric storage device such that
the electric storage device has a temperature at which a maximum voltage value
corresponding to the internal resistance of the electric storage device is maintained at a second

predetermined voltage value near a maximum allowable voltage value of the electric storage




[Fig. 6] Fig. 6 is a graph showing a relationship between a voltage value and the number of elapsed
months of the electric storage device at the time of implementing the temperature control me.thod
according to the second embodiment of the present invention. [Fig. 7] Fig. 7 is a graph shoyvlng a
relationship between an internal resistance and the pumber of elapsed months of th_e eIe_ctrlc storage
device of the vehicle in the transportation system without the contact wire. [Fig. 8] Fig. 8 is a graph
showing a relationship between the number of elapsed months and a voltage value of an electric

storage devitd'6F & VehibeMPH BB Lel s A @ﬁﬁ%ﬁﬁ?@y@%ﬁﬂ%ﬂﬂéﬁﬂ eontacavibé (Modes for
Carrying O%d%ﬂ'&@mlm%ltage lf&%@'Qta{ﬁ%rtﬂlg%%%ége@ag@}p%Pﬁ«rﬁ d&%és%% "cYgltri]r? uta

. ?%“%@
contact wire according to embodiments of the present invention will be described by re e_rrfng to th_e
drawings. Figjhithishs disgrdrmedna iehioibofal tarspotiationsystem ofithouleatdontactwite/aecording

[ [ ' ' [ irection. [0026] 16 according to the
to embodlm%t}?tgtgg resent inv réu&gbwewed from a running direction. [0026] g

embodiments of the present invention S R LR S IR R PR A R TR T 48R 2. A

collection contaetoff fetxateiving gowelds ArovidesenReaider siuitace B fgetriekid Wi truck 3 is
also provided with an electric storage device 5 for accumulating power received by the collection

contactor 4. "Fh&tuM dIEedeisTEyRfG LS 2Baisusettha Power f9 tHetel @ tHoodtdragedavive 5 when
the vehicle }giepsiatagtion (ot shown), and thereby to run on the track 2 set therefor.

Accordingly, even if the voltage of the electric storage device fluctuates greatly with
the increase of the internal resistance of the electric storage device in such an operational
environment that a voltage value at the time of regeneration reaches the maximum voltage
value of the electric storage device, the maximum voltage value of the electric storage device
is maintained with a predetermined margin secured with respect to the maximum allowable
voltage value of the electric storage device. Thus, there is no possibility that the maximum
voltage value of the electric storage device will be greater than the maximum allowable
voltage value, depending on the use state or the environment. This makes it possible to use
the electric storage device within a range between the allowable voltage values over a longer
time period than a conventional device and to increase the life (durable period) of the electric
storage device.

[0022]

A temperature controller according to the present invention is a temperature
controller for controlling a temperature of an electric storage device mounted on a vehicle
when the vehicle runs on a track, the electric storage having such a characteristic that an
internal resistance lowers as the temperature rises and the internal resistance increases as
deterioration of the electric storage device increases at the same temperature.  The
temperature controller includes: first means for controlling the electric storage device at start
of operations of the vehicle such that the electric storage device has a temperature at which a
minimum voltage value corresponding to the internal resistance of the electric storage device
becomes equal to a first predetermined voltage value near a minimum allowable voltage value
of the electric storage device; and second means for controlling the electric storage device

during the operations of the vehicle such that the electric storage device has a temperature at




[0027] In embodiments of the present invention, the electric storage device 5 inclu_des a
temperature controller 6 configured to control a temperature of the electric storage device 5 during
operations of the vehicle 1, as shown in Fig. 1. Note that as the temperature co_ntroller 6, for example,
a cooling fan or the like for lowering the temperature,gf the electric storage device 5 can be use_d._

In addition, the electric storage device 5 has a maximum allowable voltage value VH and the minimum

allowable volt value VL, as allowable voltage values, which are set in advance (see Fig. 3). The
electric storaﬁ%ﬁ’e@&é‘%%‘r’ﬁ Xﬁg\%}@dvﬁ}@uﬁgﬂﬁﬁlﬁ/ﬁ%ﬁ@ﬁa&% fstesfoékimg imesibat (Hst Srsdwn)

works after apvm@a%m@mo%g@evs@tri@@qﬁgﬁq%\éi%é@&@&w%m% @Hﬁég\g@efaﬁ -eg between
the maximum allowable voltage value VH and the minimum allowable voltage value VL. [%_O ] In
contrast, on fRCErosirsiddcdsupphihdhframeimstandifigeadidcent ththeldratk @dmprolddied. The

supporting fr | i with a ppwer feeding contactor 8 located to face the collection contactor
4 at the time%vq%%?% tlﬁgn é%éli]g: @i@%gﬁy r?gta Sv\\%iru ?égﬁr% ec%er??élc(gglregnlsé R SARERYEH 18 Eﬁ‘éﬁégﬁer (not

shown) providegabovethaigeound; shregghiaipewehline {aetishawn)embereer Rothg.araund.
With such a configuration, when the vehicle 1 stops at the station, the collection contactor 4 and the

power feeding dontadibE 4t JHEHR R YR raA BééheoﬂLF‘é?F,riéniﬂ‘fﬁaré?eW sevéertaugitied from
the charger ahanethengiouneis aeenulpiedinthe.elesiic siorsag.device 5 [QO2LIRIEL. o

Embodimentl 17 o
10 % to 120 % of the minimum allowable voltage value.

Accordingly, the minimum voltage value of the electric storage device is constantly
maintained from the start of the operations of the vehicle with a predetermined margin
secured with respect to the minimum allowable voltage value of the electric storage device.
Thus, there is no possibility that the minimum voltage value of the electric storage device will
be less than the minimum allowable voltage value, depending on the use state or the
environment. This makes it possible to use the electric storage device within a range
between the allowable voltage values over a longer time period than a conventional device.

In particular, the temperature of the electric storage device is controlled at the start of
operations of the vehicle so that the minimum voltage value of the electric storage device can
be equal to a predetermined voltage value near the minimum allowable voltage value of the
electric storage device. The control slows down deterioration of the electric storage device
for a certain time period from the start of operations, and as a result, the life of the electric
storage device can be increased further.

[0023]

According to the temperature controller of the present invention, the temperature
controller further includes: third means for controlling the electric storage device at the start
of operations of the vehicle such that the electric storage device has a temperature at which a
maximum voltage value corresponding to the internal resistance of the electric storage device
becomes equal to a second predetermined voltage value near a maximum allowable voltage
value of the electric storage device; and fourth means for controlling the electric storage
device at the time of regeneration braking during the operations of the vehicle such that the

electric storage device has a temperature at which the maximum voltage value of the electric




Hereinafter, a method for controlling a temperature of an electric storage device according to a first
embodiment of the present invention will be described by referring to the drawings. Fig. 2 is a graph
showing a relationship between an internal resistance and a temperature of the electric storage device
of the vehicle in the transportation system without thescontact wire. Fig.,. 3 is a graph showing a
relationship between an internal resistance and the number of elapsed months at the time of
implementing.the temperature contral method according to.the first embodiment, Fig. 4 is a graph
shgwing a re%g)t%%es@%plﬁ%ﬂs/vgghn aal%%téggh%g ﬁ%négrpéet%gg Aum ge?@?@?a\é 8t meéh?ﬁggﬁdf Pﬁ%"éﬁ%sctﬁc

storage devicendigtiiedtimel@féimplemeniingihe denmpesritre cantiel metbodAerardironiadhafirst
embodiment of the present invention. [0030 In the first place, a relationship between an internal

1. .
resistance R'AHA% 1EHpEGERF& SR BTt Sforersheadiicee e ihiPEd deseiiBsd g Yiperivigurig. 2.
As shown in g 42 thedelatinnshiR betweepihasintemahiesistangaR and hetemperaire,Tyn the

electric storage device 5 exhibits such a relationship that the internal resistance R'lowers as the
temperature therideieripmatiglitib Hiead eskhiimatongethéeeiseveo aftde detotivnatiominkFign? yuien thiee
deterioration qftt}pe qlegtr'c storage device 5 increases, the curve showing the relatignship between the
. . 0 d {HAC '

internal resistance R and the rt%%npeer‘gfﬁreatl' sﬁ.ﬁ%cﬁ%wgfa% 8%”%9@& &%%ere\éa]t%%n t ecﬂgr??él efore

the deterioratiededaesndhatliagtheatelationshipabefiveen gherdesegipratigrianshihpdnteamakyasgistance R
in the electric storage device 5 has such a relationship that the internal resistance R increases as the
deterioration ‘S f§& S¥¥iric storage device 5 increases. Hence, in this embodiment, the

temperature controllge& ARG FnslaTh fagdsiamAl esisiante il NTRIGHS siorags device S

by controlling the temperature of the electric storage device 5 on the basis of the refationship between
the internal résigtarrascRoaMe: thctaphpesktamecTih the Stetircsiopagl devioe Hic[088 peratidiaxt, a

concrete method for con{ﬁgéligl the tempera L?]Lee %Ege‘l#e!gctlrligrsttora e evi}%e S will be d@cribed by
id EWASH thE TiME N VEREGE VEIE vniin 18

. . nvironmen olfage v
using Figs. 3'and A i e odiment, 5 shown I
value of the electric storage device, the maximum voltage value of the electric storage device

is constantly maintained from the start of the operations of the vehicle with a predetermined
margin secured with respect to the maximum allowable voltage value of the electric storage
device. Thus, there is no possibility that the maximum voltage value of the electric storage
device will be greater than the maximum allowable voltage value, depending on the use state
or the environment. This makes it possible to use the electric storage device within a range
between the allowable voltage values over a longer time period than a conventional device.
[Brief Description of the Drawings]

[0024]

[Fig. 1] Fig. 1 is a diagram of a vehicle of a transportation system without a contact wire




corresponding to the internal resistance R of the electric storage device 5 reaches a predetermined
voltage value (first predetermined voltage value) near the minimum allowable voltage value VL of the
electric storage device 5, the temperature controller 6 controls the temperature of the electric storage
device 5 so that the minimum voltage value Vmin of t?g electric storage device 5 can be maintained at
the predetermined voltage value VP. Specifically, sincé the internal resistance R gradually increases in
the electric,arane devie alibda slolon INEIRRK(SRELEIDNoh INuiRMPRIARIIS, controller ©
maintains the inte fﬁ resistance R of the electric storage device 5 at a value Rp corresponding to the
predetermifiag. 20|Eige Yalue \gpably ghacuiadyaraidaigitiieptdraperatre oitteablesisesorate tevice 5
(see Fig. 4). [0032] The internal resistance f the electric, storage %evice 5 is maintained at the
value Rp, (6HREABRGINGHS %‘75%38%?&#?3&?/5&@&“%1{8 P Kst g%?l HPR5 S\‘/‘él?a\ﬁé}lt%uéreby the
minimum vgliage:valugrsvmin of the electric storage device 5 is maintained with the predetermined
margin Vmsecured with respect to the minimum allowable voltage value VL, as shown in Fig. 3.

Note that iffilgs3émimdinierst, selprbgstinmmmelaliondiye bamesyhdarmal e AMdwible voltage
value VL of thebeéegyijgtgg@gfﬁeqo%?ggc§ SAIRE S8R YANG T L EXAMBIE. dohAJ0 Hked % of the
itage value Vi- 60 ] As

minimum aflowable vo scribed above, in the temperature control
method aceesgidtadhisienaodidhestt whign preseninimeutivvoltage value Vmin corresponding to the

internal resistance R of the electric storage device 5 reaches the (gf/'edetermineg élolta%neb\égltie Vp near

the minimubhi &IBIWEISeS IEaBaRMMIE WD St TREATBTHIRCDSISREg R dRRES 5/ atHE B LR g

e .
ric’storage device 5

is controlled; such thahdhe glegirigsiamage deyige R OastRlempeasattg ahwiich thesnipimaumr voltage
value Vmin of the electric storage device 5 is maintained at the predetermined voltage value Vp. Thus,

even if the voltagersfitheé st ttitesoag B et simertobtes rypsity WRRME increase of the internal

resistance R, of tﬂe lectric storage device 5, the, mini n%%gjé%ge ailﬁjtgr}(@i{ééﬁt e.elegtrig.storage
device 5 is maintaingd vgvi%ﬁ ﬁwg%%gdse%é\ﬁr%%ﬁe% ﬁgqr}afﬁ V. secured ﬁth respect to t eeminimu?n
allowable veliager value dteaf tmeleciriaigtonage ol IntevicentinAccaedinghtnthecenisohanpiissibility that
the minimum voltage value Vmin of the electric storage device 5 will be less than the minimum

allowable véteR5ERAI0E SACoRbpBhaiig B A SE KB #E environment. This makes it possible to
use the eleggtic stofagesdevice.aitiiniAraneaeiysan theallowahle valiaomyaliasnairr adonger

time period'than a conventional device and to increase the life of the electric storage device 5. [0034]
elapsed months of the electric storage device at the time of implementing the temperature
control method according to the second embodiment of the present invention.

[Fig. 7] Fig.. 7 is a graph showing a relationship between an internal resistance and the
number of elapsed months of the electric storage device of the vehicle in the transportation
system without the contact wire.

[Fig. 8] Fig. 8 is a graph showing a relationship between the number of elapsed months and a
voltage value of an electric storage device of a vehicle in a conventional transportation system
without a contact wire.

[Modes for Carrying Out the Invention]

[0025]

Hereinafter, a vehicle of a transportation system without a contact wire according to
embodiments of the present invention will be described by referring to the drawings. Fig. 1
is a diagram of a vehicle of a transportation system without a contact wire according to
embodiments of the present invention, viewed from a running direction.

[0026]

As shown in Fig. 1, a vehicle 1 in a transportation system without a contact wire




[Second Embodiment] Hereinafter, a method for controlling a temperature of an electric storage
device according to a second embodiment of the present invention will be described by referring to the
drawings. Fig. 5 is a graph showing a relationship between an internal resistance and the number of
elapsed months at the time of implementing the temperature control method according to the second
embodiment. Fig. 6 is a graph showing a relationship between a voltage value and the number of

elapsed months of the electric storage deyice at the time of implementing the temperature control
method ac@8?87%‘@&%@%E@Bﬁ@@ﬁﬁ%%&%ﬁ%ﬁ’fﬁsﬁ% IBreRkm ﬁﬁ\gi o EB%%S% Rt h'this mbodiment,

1l
ention.

at the start,of gperatipasyabihe vehidaduithe dempeiaiure eanikalien wentkojsovieate omperadure of the
electric storage device 5 so that the minimum voltage value Vmin corresponding to the internal

resistance Ribiahdaepchicumrage Hevieecs édn rsacremdeprabbr s BREgE Jalss ViPhear the
minimum aIIowa%ll?%g}{r%I;% ee\rla}!:%g'\\//ﬁld %&tﬁ?%%'a?ég%ﬁt%ﬁ%&exiCer%e AR RN N FiggareaRECifically,

since the e?ggﬂ% S evice as not been deteriorated at the start of operations, the temperature
controller GaseimthadnterpalsesistandecRioftiregeldetiie Stohagehdeviceld hsthe vadueRm (not

corresponding to the predetermined voltage value %gﬁt%g lowering the temperature of the electric
storage deﬂ?ﬁé"@(ﬁé‘é iRyl o runpRéhR{ZIriar AL & R of the electric storage device 5 is set at

the value R{[@@?f esponding to the predetermined voltage value Vp as described above, and thereby
the minimum voltage value Vmin" of the electric storage device 5 is set at the start of oEerations of

vehicle 1 with the gredeieadinirats maitdin Maiesédoverrinitie shrstitostAeneaidiigh a fedoltage
value VL, as shown in Fig. 5. 20 [0036 Then, the erature gontroller 6.¢0 Lolsihe 5
temperaturéeg’#)ﬁ%tlgleeg?r%:@tlg?a%éo g ggg%tgoc?ﬁrg?tltﬁet m éler{um Soltage va uCeSVp%, of the electric
storage deviger Caprhadnaintained-atithe predesromined Mgltage Yate R, Spérificathersinee the
internal resistance R gradually increases in the electric storage device 5 with deter%ioratign thereof (see

Fig. 2), the SERTSSEaGrEOESFFBMEY &STRIREAR R ePMESFAT ISYRALE AR BRAEWIE At IRSHSEYE device 5

at a value Ry %rggagggigglq%%cpredetermined voltage value VP by gradually raising the
temperature of the electric storage device 5 (see Fig. 6). [0037]

In addition, the electric storage device 5 has a maximum allowable voltage value VH
and the minimum allowable voltage value VL, as allowable voltage values, which are set in
advance (see Fig. 3). The electric storage device 5 is not allowed to supply power when an
interlocking function (not shown) works after a voltage value of the electric storage device 5.
continuously stays outside a range between the maximum allowable voltage value VH and the
minimum allowable voltage value VL.

[0028]

In contrast, on the ground side, a supporting frame 7 standing adjacent to the track 2
is provided. The supporting frame 7 is provided with a power feeding contactor 8 located to
face the collection contactor 4 at the time when the vehicle 1 stops.” The power feeding
contactor 8 is connected to a charger (not shown) provided above the ground, through a power
line (not shown) embedded in the ground.

With such a configuration, when the vehicle 1 stops at the station, the collection
contactor 4 and the power feeding contactor 8 are brought into contact with each other, and
thereby power supplied from the charger above the ground is accumulated in the electric
storage device 5.

[0029]

[First Embodiment]



In this manner, the internal resistance R of the electric storage device 5 is maintained from the start of
the operations of the vehicle 1 at the value R.p corresponding to the predetermined voltage value Vp
as shown in Fig. 5, and thereby the minimum voltage value Vm," of the electric storage device 5 is
constantly maintained from the start of the operations, gf the vehicle 1 with the predetermined margin
V", secured with respect to the minimum allowable vo]I age value VL. Note that in this

embodiment, the predetermined valtage yalus Nipgeatdhg.mitioym.allowakle yaliagevaue VL of the

e
. I, VL
electric storage dewcg%arﬁcayabe set at a value of, for example, 110 % to 120 % of the minimum

allowable v@agengatue i §8088]ment AltheporibedmiboNe) inliHes wWespthetbreretsntied Aéksod

according to this embodiment, at the start of the operatipns. of the vehicle 1, the electric torage device
5 is controlf6ePéngh tr{%iﬁtﬁe‘?—:Ié&Fﬁ?gtégﬁgénée?/iﬁeg Ssh e Isﬁa‘ngé 'a%

ag%gs}palfeempera ure at which the minimum voltage

value VmiW&R(f@éd@?@gmget%@ﬁimwﬁ%lar@&ﬂ@@%@ whitle plegtrieastpragadievicerh bithomes the
predetermined voltage value Vp near the minimum allowable voltage value VL of the electri¢ storage

device 5. Mareoutactonirig The dperations staningarrirsiansiip IR A dRGRAHETSER $0ntrolled
such that syeh Inal he eleells Stargee AKICR A% AIRMARKAER AaRishibe miRimytyoliage

value of th&"SI88HR storage device s Is maintaine e predetermined voltage value V. Thus, the
minimum vedageivalie i of shdeleatic stBiage devigephisiconismntiselminthinetbisenthe start of

the operations of the vehicle 1 with the predetermined g{/aié%l%v " secured gvith rea§p%§gttitrgég§ minimum
allowable veNigs valiranh ke Torihe QegitrRsdrgu\i SIS SR Jly theréd is rio possibility that

the mi“im”[ﬁl Qiiageyalke Yminokihe elesbic srsgaderisn dyvihbailessthraitenmiinigm
0]

allowable voltage value VL, depending on the use state or the environment. This makes it possible to
use the eleptrisestansgeidevice 5 within a range between the allowable voltage values over a longer
time period %53 a conventional device. [0039] Meanwhile, further specifically referring to the
reIationship[ een the deterioration and the temperature of the electric storage device 5, it has been
known that the lower thefempesaturelisisatiiar thevetectinstoragsideviccRthe siopertire Electric
storage device 5 deteriorates. In this embodiment, the temperature of the electric storage device 5

is set low attifiesigrtior Bpeasmice el BhRgsrHbEd A" Bifimum voltage value Vmin of the
electic storage device 5 £ feadh the edelg RS ualiaae walumansaidhaom R Blowable
y ] ; :

voltage value VL of the electric storage device 5. Thus, in a certain time period (a period until the

temperaturecispaised) Fom tiechtatiobtpegatisnisethedatincrstion st the shsrdgetivice 5

slows downfegiggaggenﬁe%%?g l)z/ist htgelift%rrox;];épa%u%e?trr%%egtor%ggdgﬁ\éixﬁeag %erii;'%%aaﬁ'ge after
deterioration in Fig. 2, when the deterioration of the electric storage device 5 increases, the
curve showing the relationship between the internal resistance R and the temperature T shifts
upwards to a larger degree than the curve before the deterioration does. That is, the
relationship between the deterioration and the internal resistance R in the electric storage
device 5 has such a relationship that the internal resistance R increases as the deterioration of
the electric storage device 5 increases.

Hence, in this embodiment, the temperature controller 6 maintains constant the

‘nternal resistance R of the electric storage device 5 by controlling the temperature of the
electric storage device 5 on the basis of the relationship between the internal resistance R and
the temperature T in the electric storage device 5.

[0031]

Next, a concrete method for controlling the temperature of the electric storage device

5 will be described by using Figs. 3 and 4.

In this embodiment, as shown in Fig. 3, when the minimum voltage value Viin



[0040] The embodiments of the present invention have been described above; however, the
present invention is not limited to the aforementioned embodiments. Various variations and
modifications can be made based on the technical idea of the present invention. [0041] In many
cases, a maximum voltage value Vmax of the electri §torage device 5 is generally exhibited in a set
voltage at the time of charging. However, in some cases depending on an operational environment of

the vehicle (such as a case in which there is an ingline, for example), the maximum voltage value
Vmax may FEERIBHEG 4Pt etir‘ﬁ@‘@ﬂe‘&éﬁ%ﬁgg b?gﬁh?g cledtnd RIS ¥

. IStk a eé’bcgratiorﬁ% environment,
when the veltage fhiha laalkic wineagrdeMead et irsgraaly) with the ineiease Dfldhsbisternal

resistance of the electric storage device 5, the maximum voltage value Vmax gradually approaches

the maximuiplialowalbie Vbirighe alerivisianes dsiisqudhtyeEPRErEHS seaieler theHaRiflf voltage
value Vmax g the. haxip-nalpnable.yaliage vabie hRegames» Motk ceaidIRgy. Jnigch an

operational englronment, e temperature controller 6 may control both the'minimum voltage value

Vmin and thismaximompeyoltagesvalueal rhaxmfitdgried at Ninde ritrattheniendperdtage cwehtrollgr 6 can

also control a maximum voltage value Vmax in the s urri}e manner asf%)r tpe minimum Xoltagg value In
R

other wordsS RFfeite Bet Rt T B EroNE 8 LRt SRS B ST e D 1R & ETELHTCEIB 465& Hevice 5 on

the basis ofihig alremansionsskrialionshiphetieamthaitenatiasistanasiR.andeeiemperature
Tin the electric storage device 5. As an embodiment, for example, the temperature controller 6

may controt¢kistiepsgeeftthedide sleegicistiradeidevibe Buviesisprdiainthna vsteiganiagde Vmax
S ST R SR s esdetea s e
the electric gforage device 5. The control is performed so that the maximum voltage value Vmaxof the
electric stor[a(l)%gﬂevice 5 can be maintained at the predetermined voltage value.

The internal resistance R of the electric storage device 5 is maintained at the value R,
corresponding to the predetermined voltage value V; as described above, and thereby the
minimum voltage value Vi, of the electric storage device 5 is maintained with the
predetermined margin V, secured with respect to the minimum allowable voltage value VL, -
as shown in Fig. 3.

Note that in this embodiment, the predetermined voltage value V,, near the minimum
allowable voltage value VL of the electric storage device 5 may be set at a value of, for

- example, 110 % to 120 % of the minimum allowable voltage value VL.
[0033] |
As described above, in the temperature control method according to this embodiment,
when the minimum voltage value Vp, corresponding to the internal resistance R of the
“electric storage device 5 reaches the predetermined voltage value V) near the minimum
allowable voltage value VL of the electric storage device 5, the electric storage device 5 is
controlled such that the electric storage device 5 has a temperature at which the minimum
voltage value Vi, of the electric storage device 5 is maintained at the predetermined voltage
value V,. Thus, even if the voltage of the electric storage device 5 fluctuates greatly with the
increase of the internal resistance R of the electric storage device 5, the minimum voltage
value Vi, of the electric storage device 5 is maintained with the predetermined margin Vm

secured with respect to the minimum allowable voltage value VL of the electric storage.



[0043] In addition, as another embodiment, the temperature controller 6 may control the
temperature of the electric storage device 5 at the start of operations of vehicle 1 so that the maximum
voltage value Vmax corresponding to the internal resistance R of the electric storage device 5 can
reach a predetermined voltage value near the maxim{gn allowable voltage value VH of the electric
storage device 5, and the temperature controller 6 may further control the temperature of the electric

storage degicp 5 during the.operations. of the vehi So4h ' va max of the
glectric storgblgedgei'vic% O(:réﬁl & %ggfﬁtéﬁnrg)dpgtsthgéﬁé?re etg%?nafi%{é%%vggﬁggg& \%Iﬁi.%go@fﬁ] l(nytﬁéNote that
in the casec-alaantsalling thevivaximuin weltage Veluethvdmasainthen paidetbiminathgolteadesvilue near the

maximum allowable voltage value VH of the electric storage device 5 maﬁl:%)(e set at.a v?elue. of, for

example, SEFREGI0T, GFtHE MAIGHALMC ZREIRRD e vORSJRVSTLE RAS I HaRsidR SFfS

fid°Reference
Numerals] M)Qéléel M@W&éeﬁ%ﬂﬁh a range between the allowable voltage values over a longer time

period than a conventional device and to increase the life of the electric storage device 5.
[0034]
[Second Embodiment]

Hereinafter, 2 method for controlling a temperature of an electric storage device
according to a second embodiment of the present invention will be described by referring to
the drawings. Fig. 5 is a graph showing a relationship between an internal resistance and the
number of elapsed months at the time of implementing the temperature control method
according to the second embodiment. Fig. 6 is a graph showing a relationship between a
voltage value and the number of elapsed months of the electric storage device at the time of
implementing the temperature control method according to the second embodiment of the
present invention.

[0035]

In this embodiment, at the start of operations of the vehicle 1, the temperature
controller 6 controls the temperature of the electric storage device 5 so that the minimum
voltage value Vi corresponding to the internal resistance R of the electric storage device 5
can reach the predetermined voltage value V,, near the minimum allowable voltage value VL
of the electric storage device 5, as shown in Fig. 5. Specifically, since the electric storage
device 5 has not been deteriorated at the start of operations, the temperature controller 6 sets
the internal resistance R of the electric storage device 5 at the value R, corresponding to the
predetermined voltage value V, by lowering the temperature of the electric storage device 5
(see Fig. 6).

The internal resistance R of the electric storage device 5 is set at the value R,
corresponding to the predetermined voltage value V, as described above, and thereby the
minimum voltage value Vi, of the electric storage device 5 is set at the start of operations of
vehicle 1 with the predetermined margin Vi, secured with respect to the minimum allowable

voltage value VL, as shown in Fig. 5.



3truck 3qside surface of truck 4collection contactor electric storage device 6temperature controller
7supporting frame 8power feeding contactor VLminimum allowable voltage value VHmaximum
allowable voltage value minimum voltage value of electric storage device

20
[0036]

Then, the temperature controller 6 controls the temperature of the electric storage
device 5 so that the minimum voltage value Vi, of the electric storage device 5 can be
maintained at the predetermined voltage value V,,.  Specifically, since the internal resistance
R gradually increases in the electric storage device 5 with deterioration thereof (see Fig. 2),
the temperature controller 6 maintains the internal resistance R of the electric storage device 5
at a value R, corresponding to the predetermined voltage value V,, by gradually raising the
temperature of the electric storage device 5 (see Fig. 6).

[0037]

In this manner, the internal resistance R of the electric storage device 5 is maintained
from the start of the operations of the vehicle 1 at the value R, corresponding to the
predetermined voltage value V, as shown in Fig. 5, and thereby the minimum voltage value
Vomin of the electric storage device 5 is constantly maintained from the start of the operations
of the vehicle 1 with the predetermihed margin Vy, secured with respect to the minimum
allowable voltage value VL.

Note that in this embodiment, the predetermined voltage value V, near the minimum
allowable voltage value VL of the electric storage device 5 may be set at a value of, for
example, 110 % to 120 % of the minimum allowable voltage value VL.

[0038]

As described above, in the temperature control method according to this embodiment,
at the start of the operations of the vehicle 1, the electric storage device 5 is controlled such
that the electric storage device 5 has a temperature at which the minimum voltage value Vi
corresponding to the internal resistance R of the electric storage device 5 becomes the
predetermined voltage value V, near the minimum allowable voltage value VL of the electric
storage device 5. Moreover, during the operations of the vehicle 1, the electric storage
device 5 is controlled such that such that the electric storage device 5 has a temperature at
which the minimum voltage value Vpin of the electric storage device 5 is maintained at the
predetermined voltage value V. Thus, the minimum voltage value Vi, of the electric
storage device 5 is constantly maintained from the start of the operations of the vehicle 1 with

the predetermined margin Vy, secured with respect to the minimum allowable voltage value



mfav_(imum voltage value of electric storage device Vnimargin between minimum voltage value and
minimum allowable voltage value in electric storage device VPpredetermined voltage value internal
resistance of electric storage device Rplinternal resistance value corresponding to VP MC SLI_P 24

[Document Name] Scope of Claims [Claim 11A tempg{ature control method for controlling a
temperature of an electric

VL of the electric storage device 5. Accordingly, there is no possibility that the minimum
voltage value Vy,, of the electric storage device 5 will be less than the minimum allowable
voltage value VL, depending on the use state or the environment. ~This makes it possible to
use the electric storage device 5 within a range between the allowable voltage values over a
longer time period than a conventional device.

[0039]

Meanwhile, further specifically referring to the relationship between the deterioration
and the temperature of the electric storage device 5, it has been known that the lower the
temperature is set for the electric storage device 5, the slower the electric storage device 5
deteriorates.

In this embodiment, the temperature of the electric storage device 5 is set low at the
start of operations of the vehicle 1 so that the minimum voltage value Vi, of the electric
storage device 5 can reach the predetermined voltage value Vy, near the minimum allowable
voltage value VL of the electric storage device 5. Thus, in a certain time period (a period
until the temperature is raised) from the start of operations, the deterioration of the electric
storage device 5 slows down, and consequently the life of the electric storage device 5 can be
increased.

[0040]

The embodiments of the present invention have been described above; however, the
present invention is not limited to the aforementioned embodiments. Various variations and
modifications can be made based on the technical idea of the present invention.

[0041]

In many cases, a maximum voltage value Vg Of the electric storage device 5 is
generally exhibited in a set voltage at the time of charging. However, in some cases
depending on an operational environment of the vehicle (such as a case in which there is an
incline, for example), the maximum voltage value Vimax may be exhibited at the time of
regeneration braking.

In such an operational environment, when the voltage of the electric storage device 5
fluctuates greatly with the increase of the internal resistance of the electric storage device 3,

the maximum voltage value Vya gradually approaches the maximum allowable voltage value



storage device mounted on a vehicle when the vehicle runs on a track, wherein the electric storage
has such a characteristic that an internal resistance towers as the temperature rises and the internal
resistance increases as deterioration of the electric storage device increases at the same temperature,
the method comprising: when a minimum voltage value corresponding to the internal resistance of
the electric storage device reaches a first predetermi%%d voltage value near a minimum allowable

voltage value,of lhe sleciric,alpiags dpvisk. A et stepalaeniallingaile eieetin Horaga ayice such

that the electric storage device has a temperature at which the minimum voai‘tage value of the electric
storage dewikerisbiaaivihined aifitbe ViEst peedetarmingt voltagerdiakle, in smtlerein tiperfitsingtep is to
raise the temperature of the electric storagﬁéde ice with t?}f deterioration of the electriﬁ:l sStgrage device

S0 as to mARERHE miPFHPRIBIEGEVHRICbP AR ORI BRSPS BEVBER LS sEBi2d@termined

voltage valiiey adnaxinipersiadbedisstprgdetermined voltage value is set at a value of 110 % to 120
% of the minimum allowable voltage value. [Claim 2]The temperature control method according to
claim I, furt®®debmprising: when a maximum voltage value corresponding to the internal

resistance of the elecl{i Siofade fvice [eashes . eeaNdRedsiptninaa pliags yalue dagta
maximum allowable voltage value 5F the electric storage device at the time 0 regeneration braking of
the vehicleya segone stepofeantiolingthaeladtinsioragagevitessiigh, thath théheleetritsstbeage

device has a temperature at which the maximum voltage value of the electric storage ge ice is

maintained @PATEAREE SRATTIEIAEARTSH DS IeRetAIe of the WIREFESTHTAS SIS 8P 1883 Nise the
temperaturgof thg electic Storage:davics withdhemdeigdorationseltherelagtic sipipgedevice so as to

maintain the maximum voltage value of the electric storage device at the second predetermined
voltage valtle, @edric stondgerédmithé .second predetermined voltage value is set at a value of 80 % to 90

0 k
% of the maXImumgs"Oavr\{agrln%g 1@3&% V%lrueeXa'\réllp %, Lt}lé I?emperature controller 6 may control the

temperature of the electric storage device 5 when the maximum voltage value Via
corresponding to the internal resistance R of the electric storage device 5 reaches a
predetermined voltage value (second predetermined voltage value) near the maximum
allowable voltagé value VH of the electric storage device 5. The control is performed so that
the maximum voltage value Vi of the electric storage device 5 can be maintained at the
predetermined voltage value.

[0043]

In addition, as another embodiment, the temperature controller 6 may control the
temperature of the electric storage device 5 at the start of operations of vehicle 1 so that the
maximum voltage value Vx corresponding to the internal resistance R of the electric storage
device 5 can reach a predetermined voltage value near the maximum allowable voltage value
VH of the electric storage device 5, and the temperature controller 6 may further control the
temperature of the electric storage device 5 during the operations of the vehicle 1 so that the
maximum voltage value Vpa of the electric storage device 5 can be maintained at the
predetermined voltage value.

[0044]

Note that in the case of controlling the maximum voltage value Vpma, the

predetermined voltage value near the maximum allowable voltage value VH of the electric

storage device 5 may be set at a value of, for example, 80 % to 90 % of the maximum



25 [Claim 3]A temperature control method for controlling a temperature of an electric storage device
mounted on a vehicle when the vehicle runs on a track, wherein the electric storage has such a
characteristic that an internal resistance lowers as the temperature rises and the internal resistance
increases as deterioration of the electric storage devﬁi increases at the same temperature, the
method comprising: at the start of operations of vehicle, a first step of controlling the electric
storage device such that the electric storage device has a temperature at which a minimum voltage
value correé%ﬁél%"t@téﬁeiﬁié‘l’?]gﬁesistance of the electric storage device becomes equal to a first
predetermined yoliage ¥alHe kgarA-minipumsqllowable voltage value of the electric storage device;
and during the operations of the vehicle, a second step of controlling the electric storage device
such that th®@éttric storage device has a temperature at which the minimum voltage value of the
electric storage devic if maintained at the first predetermined voltage value, wherein the first step
is to lower the temﬁ’gréfuere of the electric storage device so that the minimum voltage value of the
electric storage devigekreaches the first predetermined voltage value, wherein the second step is
to raise the temperature of the electric storage device with the deterioration of the electric storage
device so a3 to maffi¥skh the minimum voltage value of the electric storage device at the first
predetermingd voltage valke. apd, . wherein the first predetermined voltage value is set at a value of
110 % to 120 % of the minimum allowable voltage value. [Claim 4]'the temperature control method
according te claim 3pfigdtiier gomaptising: at the start of operations of the vehicle, a third step of
controlling the electrjc storage deyice such that the electric storage device has a temperature at which
a maximum-voltageV&is ?}gFF‘é& Shding to the internal resistance of the electric storage device
becomes equal to aggaRtRresigtensined voltage value near a maximum allowable voltage value of
the electric storage device; and

7 supporting frame

8 power feeding contactor

VL minimum allowable voltage value

VH maximum allowable voltage value

Vmn  minimum voltage value of electric storage device

Vimex  maximum voltage value of electric storage device

Vi margin between minimum voltage value and minimum allowable voltage value in
electric storage device

A predetermined voltage value

R internal resistance of electric storage device

Ry Internal resistance value corresponding to Vy



at the time of regeneration braking during the operations of the vehicle, a fourth step of controlling_the
electric storage device such that the electric storage device has a MCSLIS) 26 temperature at V\{hlch
the maximum voltage value of the electric storage device is maintained at the sec%m?ﬁr etermined

voltage value, wherein the third step is to lower tﬁg temperature of the electric storage device so

that the maximum voltage value of the electric storage device reaches the second predetermine_d
voltage value wherein the fourth step is to raise the temperature of the electric storage device
with the dete%?&%ﬁ%ﬁﬂ@eét%%}%@tg}ﬁﬁég device so as to maintain the maximum voltage value of the

electic storagedevige ! the,Seppd REELBIGIINIDENBIROENAING 810 o ASIEI e se0ond

predetermined voltage value is set at a value of 80 % to 90 % of the' maximum allowable vo tage
value. [ClaimsBjagedparatupetehiolierfbictonirollitly adenperature ofankelebtiicstheagecdvice
mounted on a vehic{l%svxéhekp t@g vehiclsi(r;u[ﬂs ona tracr wherein the electric storage has such a

.. Storage uch a characteri at an iternal fesistance, low 1 e
characteristic that an internal resistance Iowers as the temperature 11568 SRR hEF e &%tance
increases as ttleteronatianiahibe iateeisis stodagd devigeonaedsas atihieganaemperatyre (e
temperature controller comprising: . , '
same temperature, the method comprising:
when a minimum voltage value corresponding to the internal resistance of the
electric storage device reaches a first predetermined voltage value near a minimum allowable
voltage value of the electric storage device, a first step of controlling the electric storage
device such that the electric storage device has a temperature at which the minimum voltage
value of the electric storage device is maintained at the first predetermined voltage value,
wherein the first step is to raise the temperature of the electric storage device with the
deterioration of the electric storage device so as to maintain the minimum voltage value of the
electric storage device at the first predetermined voltage value, and

wherein the first predetermined voltage value is set at a value of 110 % to 120 % of

the minimum allowable voltage value.

[Claim 2] The temperature control method according to claim 1, further comprising:

when a maximum voltage value corresponding to the internal resistance of the
electric storage device reaches a second predetermined voltage value near a maximum
allowable voltage value of the electric storage device at the time of regeneration braking of
the vehicle, a second step of controlling the electric storage device such that the electric
storage device has a temperature at which the maximum voltage value of the electric storage
device is maintained at the second predetermined voltage value,

wherein the second step is to raise the temperature of the electric storage device with
the deterioration of the electric storage device so as to maintain the maximum voltage value
of the electric storage device at the second predetermined voltage value, and

wherein the second predetermined voltage value is set at a value of 80 % to 90 % of

the maximum allowable voltage value.




first means for controlling the electric storage device such that the electric storage device has a _
temperature at which the minimum voltage value of the electric storage device is maintained at f[he first
predetermined voltage value when the minimum voltage value corresponding to t (‘?@t@fﬁ’al resistance
of the electric storage device reaches the first predetgbrmined voltage value near the minimum
allowable voltage value of the electric storage device, wherein the first means is configured to
raise the temperature of the electric storage device with the deterioration of the electric storage device
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storage device; and

during the operations of the vehicle, a second step of controlling the electric storage
device such that the electric storage device has a temperature at which the minimum voltage
value of the electric storage device is maintained at the first predetermined voltage value,

wherein the first step is to lower the temperature of the electric storage device so that
the minimum voltage value of the electric storage device reaches the first predetermined
voltage value,

wherein the second step is to raise the temperature of the electric storage device with
the deterioration of the electric storage device so as to maintain the minimum voltage value of
the electric storage device at the first predetermined voltage value, and

wherein the first predetermined voltage value is set at a value of 110 % to 120 % of

the minimum allowable voltage value.

[Claim 4] The temperature control method according to claim 3, further comprising:

at the start of operations of the vehicle, a third step of controlling the electric storage
device such that the electric storage device has a temperature at which a maximum voltage
value corresponding to the internal resistance of the electric storage device becomes equal to a
second predetermined voltage value near a maximum allowable voltage value of the electric
storage device; and

at the time of regeneration braking during the operations of the vehicle, a fourth step

of controlling the electric storage device such that the electric storage device has a




device mounted on a vehicle when the vehicle runs on a track, wherein the electric storage has such a
characteristic that an internal resistance lowers as the temperature rises and the internal resistance
increases as deterioration of the electric storage device increases at the same tegperature, the
temperature controller comprising: first means fgr controlling the electric storage device at start of
operations of the vehicle such that the electric storage device has a temperature at which a minimum
voltage value corresponding to the internal rtﬁﬁistan e o%ééeﬁe ectric storage device becomes equal to
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of the electric storage device at the second predetermined voltage value, and
wherein the second predetermined voltage value is set at a value of 80 % to 90 % of

the maximum allowable voltage value.

[Claim 5] A temperature controller for controlling a temperature of an electric storage
device mounted on a vehicle when the vehicle runs on a track, wherein the electric storage has
such a characteristic that an internal resistance lowers as the temperature rises and the internal
resistance increases as deterioration of the electric storage device increases at the same
temperature, the temperature controller comprising:

first means for controlling the‘electric storage device such that the electric storage
device has a temperature at which the minimum voltage value of the electric storage device is
maintained at the first predetermined voltage value when the minimum voltage value
corresponding to the internal resistance of the electric storage device reaches the first
predetermined voltage value near the minimum allowable voltage value of the electric storage
device,

wherein the first means is configured to raise the temperature of the electric storage
device with the deterioration of the electric storage device so as to maintain the minimum
voltage value of the electric storage device at the first predetermined voltage value, and

wherein the first predetermined voltage value is set at a value of 110 % to 120 % of

the minimum allowable voltage value.

[Claim 6] The temperature controller according to claim 5, further comprising:




[Claim 8]The temperature controller according to claim 7, further comprising: third means for
controlling the electric storage device at the start of operations of the vehicle such ghat the electric
storage device has a temperature at which a maximum voltage value corresponding to the internal
resistance of the electric storage device becomes egyal to a second predetermined voltage value near
a maximum allowable voltage value of the electric storage device; and fourth means for controlling
the electric storage device at the time of regeneration .braking during the operations of the vehicle such
that the electric s%or%eﬁgn SUREETRE %O?err%lglg&ﬁuerg}% i fgee%r%‘bc( nsiﬁ%% R%ﬁﬁ SIS SRS electric
storage devideviscrhainiaingptatine second predeterminetyeltagesabu@spondivhesain theethind means
is configured tQ lower the temperature of the electric st_ora;g@;ﬁ device so that the maximum voltage
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wherein the second means is configured to raise the temperature of the electric
storage device with the deterioration of the electric storage device so as to maintain the
maximum voltage value of the electric storage device at the second predetermined voltage
value, and
wherein the second predetermined voltage value is set at a value of 80 % to 90 % of

the maximum allowable voltage value.

[Claim 7] A temperature controller for controlling a temperature of an electric storage
device mounted on a vehicle when the vehicle runs on a track, wherein the electric storage has
such a characteristic that an internal resistance lowers as the temperature rises and the internal
resistance increases as deterioration of the electric storage device increases at the same
temperature, the temperature controller comprising:

first means for controlling the electric storage device at start of operations of the
vehicle such that the electric storage device has a temperature at which a minimum voltage
value corresponding to the internal resistance of the electric storage device becomes equal to a
first predetermined voltage value near a minimum allowable voltage value of the electric
storage device; and

second means for controlling the electric storage device during the operations of the
vehicle such that the electric storage device has a temperature at which the minimum voltage
value of the electric storage device is maintained at the first predetermined voltage value,

wherein the first means is configured to lower the temperature of the electric storage
device so that the minimum voltage value of the electric storage device reaches the first
predetermined voltage value,

wherein the second means is configured to raise the temperature of the electric
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storage device with the deterioration of the electric storage device so as to maintain the
minimum voltage value of the electric storage device at the first predetermined voltage value,
and

wherein the first predetermined voltage value is set at a value of 110 % to 120 % of

the minimum allowable voltage value.

[Claim 8] The temperature controller according to claim 7, further comprising:
third means for controlling the electric storage device at the start of operations of

the vehicle such that the electric storage device has a temperature at which a maximum
voltage value corresponding to the internal resistance of the electric storage device becomes
equal to a second predetermined voltage value near a maximum allowable voltage value of
the electric storage device; and

fourth means for controlling the electric storage device at the time of regeneration
braking during the operations of the vehicle such that the electric storage device has a
temperature at which the maximum voltage value of the electric storage device is maintained
at the second predetermined voltage value,

wherein the third means is configured to lower the temperature of the electric storage
device so that the maximum voltage value of the electric storage device reaches the second
predetermined voltage value,

wherein the fourth means is configured to raise the temperature of the electric storage
device with the deterioration of the electric storage device so as to maintain the maximum
voltage value of the electric storage device at the second predetermined voltage value, and

wherein the second predetermined voltage value is set at a value of 80 % to 90 % of

the maximum allowable voltage value.




