1 [ Docunent Nane] Description [Title of Invention] TEMPERATURE CONTROL
METHOD AND TEMPERATURE CONTRCLLER [ Techni cal Field] [0001] The
present invention relates to a transportation system w thout a contact
wire, in which a vehicle nounted with an electric storage device runs on a
track, and in particular, relates to a tenperature control nethod and a
terrperm%ﬁ@e@fcﬁ{%m@lm‘éﬁmpﬁ?n controlling a tenperature of the electric

storage. devi nount.e | C ck Ar [ In
recent[erﬁtgearqf?%vr?ﬁﬁﬁn]t mﬁﬁw é@;@}?@h im éﬂ%h?@g’@%ﬁ‘%ﬁ a set
track, ~gnHiRasSegt ati on system configured such that a vehicle runs without
recei ving power supply through contact wires has been put in practical use.
Gener alfeyhniéal ¥edldcl e for such a transportation system wi t hout a cont act
wire is equipped with an electrical storage device (for exanple, a battery)
for acf@ooul ati ng power, and the vehicle is configured to accunul ate power
inthe electric storage device when the vehicle stops at a station and

t hereby to rThe pmseat deventipmeddate (0@ 3jansportation Aystgas Bithpelda gpafaet Wispeiat i ons

of the vehicle are perforped by usin ower .supplied fromthe electric
st or ag¥higB\A E‘g‘“ﬁ?\ mejted ‘é(% FOrieftio ﬁt%E{)ES\tA%W% @E% QP 2 Feke gAY 4R tpancPE’.”

Accordingly, in order to (o] e rati f 1] I t
t r oubl Ig?ag Sft g8 | ST y_cfnglrof(l: arfl%{“gtaéﬁgﬁdt%{r?gg%gtggt%égrgg%g?dr{? %%,ﬁé&é%}%:ét y of
the el éﬁ*ltp'éfaﬁlrg B?ﬁl%gs?ecﬂ‘?é/ét&%gedevice 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 wi_re is equipped with an electrical storagé 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 uéing 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]
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Thus, there has heretofore been proposed a controller for an electric
storage device (for exanple, Patent Docunent 1). The controller is
configured to calculate the currently2renaining capacity of the electric
storage device on the basis of current data vol t age data, an anount of

Bocumont ) Fpen DEelfu feie PBathRAL &m?&q 36 Rl A
111111@%}%%}&@“&%; 11111111111 *GOOOOZ* [ Patent Document 1]

Japanese nt Application Publication No. 2005 130559 [ Summary of the
I nventnp%ﬂlerhﬁ’f@bé Sé%ed By B IS@dnvied] by the Invention] [0005]
[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
intémal 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 Vp, of the
electric storage device gradually approaches é minimum allowable vol_tage value VL, and
consequently a margin Vyp, between the minimum voltage value Vyi, and the minimum
allowable voltage value VL becomes small, as shown in Fig. 8.

As described above, when the niargin Vi between the minimum voltage value Vg
and the minimum allowable voltagé value VL bedomes small, the minimum voltage value
Vmin Of the electric storage device may becdme 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 pfesent 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 '



The el ectric storage device generally has a maxi num al | owabl e vol t age val ue
and a m ni rum al | onabl e vol tage val ue which are set in advance. \Wen the

el ectric storage device goes into such a state that a voltage of the

el ectric storage device falls outside a range between the nmaxi mnum al | owabl e
vol tage val ue. and th ], Ni . - I ' ki ng
Funct 1o tish Sr APt YRR BT U YEMEORCHE, Hihagl el Gh SR e

St Or a0 AN F RO BY BRI o AkabbRE AR bbmeT igo. dUring operat i ons of the
vehicle, the voltage of the elecCtric storage device needs to be nmaintained
bet weqméaﬂgfmemuglﬁlp@mm]e vol tage val ue and the m ni num al | owabl e
vol t age val ue. [0006] However, as shown in Fig. 7, continuous use of
t he el[®608]i c storage device causes an internal resistance in the electric

storage device to gradually increase over el apsed nont hs,]algngi as t{g
resul t, the lpoirderge seive threproblesisrqfdhe cvRftorgbirchaiapes, ar GROaSmEnE g &'59‘ Wien

the voltage.of the electric storage device fluctuates. greatl a _Mm.ni mum
vol t ageSFaf HYSHIPTH PEYVIqeH & tSTné’Ertaf‘Fg cg{‘%‘?la{'&%‘h‘&% TCCQDQ'P@‘&‘gaﬂ ]%?ng%‘}%é’é s a
m ni num al.| | e t I : t 1N iyRaiopeen
the menm?&rrﬂ(r:n%%,/\(%g ea%e\é’?‘%alﬁggm@}jogeaagﬁn%lﬁg% r%ﬁﬁ??rﬁrgnfﬁgﬁ %%P? f/rgﬁlet?age val ue VL
becomeg, g, vAfenS4 aRinim RloftagBvalue correspofidingl@6 Gl Gnaeystansthenthche
mar gi n Vm between the m ni num vol tage val ue VI= and the m ni mrum al | owabl e
vol t agslestdit Worade deeive Techsgralficst prddetemininetwoitygd vaigrenans lauriniimimn abfowahle

el ectric storage device may becone | ess than the m ni num al | owabl e vol t age
val ue Wiltagdepbrdifithe clectrisestorsge devite controlling dhr FleemisetrrageTdsfieshguch that

beconmes nore likely that the interlocking function,works to prevent .the
el ect rthe elecriagoree,device hapnd penpgaiiEeat W%t&ﬁs@memm&%lﬁge e‘??"ceh%g Heed for

replaciing .the electric storage vige and thus th | ric storage device
cannotelﬁ‘%‘"‘ﬁ?}@&a&? Y181 rgﬁ’é‘tﬁlﬁg%g%ﬁ%ﬁwregge ele?é:‘é‘)t FS’%I &re capabl e of

i ncrealgdo g]the life of the electric storage device even if an internal
resi stance of the electric storage device becones |large. [Means for Sol ving
the Probl en] ALQR@BL to another! émBédiflent Of I8 YWeestMeinventds Nthe Ghethb@ further
conventional technrques, an enbodi nent of the present invention provides a
t enper edmipréses Owhemb metimnch foltageovelueo torrasporaling bp reainteraal ofesistanesd et thei ¢
storage device nmounted on a vehicle when the vehicle runs on a track, the
net hodelectnipr $teiage, dewlve nreaches na rsaenndopredejermiaedievoliags aglieneranf MRAXAHUM
i nternal resistance ofe\éhtg ekgctri C stqrage devﬂi}@e reaéhes a fi rs(i .
pr edet alawahle voliage aglie el the SlSHIC ORBR ARG, SPTENIBE &S, BFFHE STV t he
electric,stor evice, controlling the el £ J t hat
the el %”lf%‘rtf‘%t ‘E?%'F%&& Sg’é%ﬁec&évf?ﬁgla%att%?l%eé‘%%ua?ghééthct\%g?n%}’%ﬁ?%g%r%ﬁﬁ%gerervuaﬁn%\c/o t age
val ue gf, eﬁ&%ré@ét&%%é b&visd RrdBatied af fhelsScolB phidRtehRthelvolthge Ydlhet
predet érm ned vol fage val ue.

[0010]

Another embodiment of the present invention provides a te‘mperaturé control method
for controlling a temperature of an electric storage device mounted on a vehicle when the
vehicle runs on a track, the method comprising, at the start of operations of the vehicle,
controlling the electric storage device such that the electric storage device has a temperature
at which a minimum Vo.ltage value corresponding to an 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 during the operations of the vehicle,
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.



[ 0009] Accordi ng to anot her enbodi nent of the present invention, the
met hod further conprises, when a maxi num vol tage val ue corresponding to the
internal resistance of the electric storage device reaches a second
predeterm ned voltage val ue near a maxi num al | owabl e vol tage val ue of the
electrgﬁlﬂtorage device, controlling the electric storage device such that
the electric storage device has a tenperature at -which the maxi num voltage
val ue of thes&bgihg it6 EloBicr0anbiRNmER oS thRipfdsantnifientior, the SAehod further
predet er mi ned vol tage val ue. [0010] Anot her enbodi ment of the

pr esendoniprises)tat the sproef ahesatant efifhenahictes comtrilling theeddetrit $torage denicobuchng a
tenperature of an electric storage device nounted on a vehicle when the
vehi cltbatr thes elsatrig storagk, daviee hes Botempsraiwiesainiyhicht at maxisum tvolagd y@dlist i ons
of the vehicle, controlling the eleftric st.orage d%vhce such that the

el ect rfresRAdMEe U EV WETRIsTeESRRtHE HheuslectEe siprreh &VIRT rl?F?ﬁj?ﬁSv?ﬂ‘{aéé‘é 3val ue
correspond Na ;L0 an 4 %ﬁé 8 a1 [ E 7P B%H%ﬁmﬁh Llib%va%llie%lﬂ € vah@r @96. dRwrke
becones % ual %0 a-?lrs gpre eterm ne_ VO age va u_e ear a mn! mum

al | 0"‘6&&%5&/ g%\ti@eg &nd alr]#xg% glfe o&)@ﬁu@h@&me Gelatier @dtrolfisi the eleditid sththddWbvidee

operation the ve ontrolling the electric storage device such

t hat t&igehehL i dlectst storge ddeict has Hampardrapae waidirthe afaxishis oltige valud ofum

vol tage value of the electric storage device is maintained at the first

pr edet the glentrit starhgeadpyviceak umintaided 80thd pecond predetecminedivaljageovadueot her

enbodi nent of the present invention, the nethod further conprises, at the
start BP0ldberati ons of the vehicle, controlling the electric storage device

such that the e|ectric,storage,device. has t enperat ur e _at i.ch a_maxi mum
vol tage val u&“&h Iy E0BBHGeR O?othf HFeTRt SRYFMOP e@g‘[ 5?1@e%8?sﬂoﬁ%ﬁ%rf SXHFHC
storage..devic S . SRCORd: R i t Je near a
maxi rmmtgﬂtoawaoﬁ’l a:&&gf % %"gg_ va %g \%?I%fehe e ‘%e‘????é?o@gggﬂ%v&gg% \égdr?}g& éluri ng
the opgiRtdnOBSctRt ddi8ge ABIiet.C, InCHRL tkshbritdiohNe sRhE Cthé iefeckid ke d@ticee such
that the electric storage device has a tenperature at which the maxi num

vol t agichdbiig tehpdritareet aatiotler; asd ovhan ehedminimemni soltmge niahiermedresionting ®emond
predeterm ned vol tage value. [0012] Anot her. enbodi ment of the

pr esenintérnal getistancepfahe diestria staragesgryiceacadhes thesfirshpisidetaonined veltageawluen r e
conprising a vehicle running on a {rack, ';Fg'e vehi cl e bei.ng provided with an

el ect r pear ¢he migenwe Allowablenvaliage (valilssofothe Aledic streresnfevifre 1Y SRR or age
devi i d t troll t.h 1 .Ni v ol

val ue. cOOUE, Sty T et Sifng debise b B8 R HRLAE rped HoUKE a8

o) ovalsn IR ot dich hE it B\ B SRR, UGraREALybhR AR

cont r oldgE ﬁFs@Biierd@ﬂeﬁnin%vSit@g‘et\fail&. storage device such that the electric
storage device has a tenperature at which the mni mum vol tage val ue of the

el ectropisjorage device is maintai ned at the first predetermi ned voltage
val ue. [0013] - _
According to another embodiment of the present invention, the temperature
controller controls 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 ,becomes equal to the second predetermined voltage value. |
[0014]
Another embodiment of the present invention provides a transportation system

without a contact wire comprising a vehicle running on a track, the vehicle being provided

with an electric storage device. In the transportation system, the electric storage device



Accordi ng to anot her enbodi ment of the present invention, the tenperature
controller controls the electric storage device such that the electric
storage device has a tenperature at which a maxi num vol t age val ue
correspondlng to the internal resistance of the electric storage device is

mai nt v . val a%!u‘le owabl e
vol tagga\ijg ue %?5%% tﬁ’?ﬁe"é‘?&’?gg’%‘ % {)/?eg%lo eolr{q?ﬂgglﬁlrg%f %ev I'tage val ue
beconegpnaaua cérﬁrow@hesel%e@i@ fAbRgetRIE: nach \Rdtt theelatafic gtorddd0ddilice has a
Anot her enbodi ment of the present invention provides a transportation

syst enemiptlanut aBwhizhtaaeinimumeval igp valsie ogrrespeading k@ an imernabresistaacd obthik, t he

vehicle being provided with an electric storage device. In the

t r ans petre sloragsisvismbeedracsedquiet foj xfisy plreégtérrnl@vd veltags vahie nege § nainimum

tenperature controller nd at  start oper ions_ of the ve t he

t enperdtoyfaBleceiiage vlus of Bl Tveee fuisd o élerbt%gaﬁls OB B EHGE. t he

electric storaedew era.tueat wWhi nu oltaevalue

cort estbs SPRGRRE SieiReishtrdts L BEkRR StSee et el A LF SRt B0HEc

becone

al | ovva \Ll/‘%g £ gg}ggvg égt gﬂﬁ{e%i&:rtgrﬁﬁc%g% r agléé/ e@?éfeé%é{c %%?P%Egt

operatmgmgaqud 4t e e I@haemﬁlh@j véitageraluer e controller controls the el ect ric

storage device such that the electric storage device has a tenperature at

whi ch fioR&5im ni mum vol tage val ue of the electric storage device is

mai ntai ned at the first g@edet erm ned vol tage val ue. ta£0015

Accor di ng t cAenesding o ariberi erepdiraenttof dheppreseah inveptih it Bis, stagt of prerationst  of

operations o he, vehicle, the t era ntrol|ler controls.t ectric

st or ag‘éf Hewe E’E"s (B, ISTRRRTA e COntRg, @gllro '@hj%ﬁﬁg‘gecd’é?nst%ag‘?a evice ﬂ'}‘r‘ﬁet:?‘ﬁtt ﬁ’f’e at
XI num_ v e of

t he el 38{‘( P? éto %gg d%VngggS X?CI‘H eré:t&tre a‘?w&de} 1%?36&1811'111 Oglt R%[l{%? {rreegfdn% 8

rage devl ce Becones equa a seco predet er'm ne voltage
val ue fieake Hichh fs&kl@%@ff QWL §{&Ja% 9@v1é’eat1>é<!8rn@§ el 1k 8&lohil prefeififid
devi ce, uring the operations of the vehicle, the tenperature
contr Wdlage Galel 1¥af at Mexiglec bllbwaliit GoRgR vt 6F tirUelbettibatorbge devies tandc
storage device has a tenperature at which the nmaxi num vol tage val ue of the
el ect rdwingt the aperations of thesvahiilatthe tepeatutchentretemebntrobdthie el eritme stovaget age
value. [Effects of the Invention]. [Q016] A tenperature control
met hoddem::osuah tept e elpetrip stosagerdevisgdias p dempaatyre & iaeh ther maxighim 3pltagst hod

for con erature-of an.e IC S e device m)unt d on a
vehi o1 BRI Flelrsr R JaTH iomeatpeta e FenlbRitieoahe falfg Vefien a

m ni w{ﬁﬁ’e@{s 895 g!a%:o iorrespondl ng to an internal resist ance of t he

el ectr orage devi ce reaches a first predeterm ned voltage val ue near a

m ni ”ul?O 1 owabl e .voltage value of the electric storage device, controlling
the electric storage device such that the electric storage device has a

t enperat ure Attempératuré bentrdl hetiod \woddréigg tv ahel ereséntt ineertioncisrd engiepitaige
device is maintained at the first predeterm ned vol tage val ue. Accordingly,
even i fortiok mahedader odntioliéngeh eempérotuse of ageclemni¢ storageaderdca mduntedt emtee
greatly with the increase of the internal resistance of the electr

st or agechide ivhen tb?lﬁel?ﬁ;lﬁlWWGltfaﬁbem?émwcbfomwuég’é’&epl%@W§Ok@?l ce is

mai nt ai ed with a predeterm nﬁd marag cure h reggect o, t he ni num
al | owam ge \98]F?S<§’QB 15&|t8eanolfntem resistafice o elec 1c s orage device reaches a first

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

device, controlling the electric storage device such that the electric storage device has a
temperature at which the minimum voltage v_alue of the electric storage device is maintained
at the first predetermined voltage value. Accordingly, even if the voltage of the electric
storage device starts to fluctuate 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



6 the electric storage device. Thus, there is no possibility that the

m ni mum vol t age val ue of the electric storage device being | ess than the
m ni rum al | owabl e vol t age val ue, depeﬁdi ng on the use state or the
environment. This nmakes it possible to use the electric storage device

wi thi nya ere@&&est&%g%@yncé.hemls! PRI GoVRLSiBGE Ml Hﬁsmﬁﬂxﬁhnﬁvdlﬁgg%lukio@’e

period than a convVentional device and to increase the |ife (durable period)
of thanelRelid fokbedetite BeMidess thAD el minimum allbaablevdl@gt Falubeddpengias at ur e
control method of the present invention, the nmethod further conprising,
when conthe iusel stateairttagenwimnment orrhes makediinppssiblet toaise theeglecitic stosigstdamice of

the electric storage device reaches a second predeterm ned vol tage val ue
near awiteiri anrange befwesbh che qllowgbley woltpge orluehover dcianger dimsy agraody 8,
controlling. the, el ectric, storage device such th the electrig storage

devi cé’oﬁé[%nqé?%ﬁﬁi’é‘i%ﬁnért% 1’%;@6%&@?]:&? K‘éﬂﬁé&?m \9gh"‘§3“é‘t%?t8@gﬁge‘f‘ﬁ% electric
storagﬁ) gﬁi ce is maintained at the second predeterm ned vol tage val ue.
Accor di ﬂ , even if the voltage of the electric storage device fluctuates
greatly withafedihPeb RS Rnlerdrlle doRtrT Mdthof &FitA ?f&@mqhv&mm,emcﬁluh@d
storage device 1 n Such an operational environnent that a voltage val ue at
the tifehef compeing, alliedna rRANES vohegdmkienturesporidigetos tlelinteafal réntstaicect ri ¢
storage device, the maxi mrum vol tage val ue of the electric storage device is.
mai nt aofithel elsictriv slopge detier reacked ancondpredatermanedwaltage eslve gieart  makanymxi mum
al  owabl e vol tage value of the electric storag%e device. Thus, there is no

possi ballowaple yelfage elusestitheislegisicsieragsdavire: sntiollingthegleqtic somesdievisavi ce
ill b ter t th j | | t | ue, dependi th
e searel U5 e eclfC soitamant ot Wi & emeis ol Bhil ¥ B aiRim SSBRE VAR Y .

Stor 0%, AaEe WOk NadilA S BRLIRA A B SLdAUARIACKAhEBE b Sy er 2

| onger "Ti ie per|8 han a conven ice and to Increase

(dur abhe.pgnbBdkve ift iR RIIRES lof Ghé leRicRdestoaYt @Bvick GRikRlates greatly Avith the
tenperature control nethod of the present invention is a tenperature

cont r ojncrdatdhef therineal rredistamg &f tienplectet wteragd - denicel iacsuchcars opemgenaevi ce
nounted on a vehicle when the vehicle runs on a track, the nmethod :
conpr i eivirgnment thae astoltege wilue pethet fime of ofgentration haches, the anaximiuim vejtaghe

el ectric storage device such that the electric storage device has, a,

t enper valug ef the elgsiricstarags A viemnomasigum, woltage value of Hismelpsige s9rags dexicsr nal
resistance of the. electric storage.device becones | to.a first

pr edet’érrﬁ?‘ﬁ@éf‘e\%“tgﬁepr?/‘iﬁtwlﬁe a g‘?ﬁ“ﬁf‘f‘iﬁ?ﬁrﬁ 1Jﬁ"‘i regp?%&ggﬁeen{%w%eaﬁl\?gﬁhlg of

t he el ri 0 1.Ge A ri i - Qf i ,

cont r o 11985 et YRAE pRAe Sra Rl T, WP ROAChoRIRLS (afife HERLELE,

devi ceyhiape avAl@BE R Hlebiridt st&ﬁ%@ Retiae will e lthag theVimbkigneh allbeableect ric
storage device is maintained at the first predeterm ned vol tage val ue.

Accor di/élglge valuee dependimmg ronvhe usgstatealr tie anfvirbhmentl e dhis malsdsdt popsibdetd ese i s
constantly maintained fromthe start of the operations of the vehicle with
. a pr ethetedeatiinstdraga dgiine sathin @ dange thiatweess preecallovableheoliagn ivalugs ayeranapes

vol tage value of the electric storage device. Thus, there is ossibility
that tHeemerpdibantanygriopsl devicsrandra increase Fel'lechfgtz‘i‘%r s P&E%l)cfén taf Iglle"tﬁ’é | ess
than.the m ni num al | owabl e vol tage val ue, depending on the use state or the
envi r offREASE 9°Yififs makes it possible to use the electric storage device

Wi t hin nge between the all owabl e voltage val ues over a |onger tine

peri od[@gﬁ a conventional devi ce. In particular, the tenperature of
the el ectriCast.alaRuECMNES] NN bf Fhel Bits@it fnbénthalst a Akmp@aReé iconsolof t he
vehicle so that the m ninmum vol tage val ue of the electric storage device
can be el fot Sordrodigdetetipetaned of ah trgeic\salrage devive hivented on awvehielel vvabl e

vol tage value of the electric storage device. The control slows down

det er i eHeatdhivle ainstdrea ahelgtthé mettodrageprisieg) atethé startaofceperations of the yahvéled from
the start of operations, and as the result, the life of the electric

st or ageontentiing thessledsac Ftorage slgwige sugh tarthe elygiry) storage device has a temperature

at which a minimum voltage value corresponding to an internal resistance of the electric

storage device becomes equal to a first predetermined voltage value near a minimum



According to the tenperature control nethod of the present invention, the
nmet hod further conprising, at the start of operations of the vehicle,
controlling the electric storage devi ¢e such that the electric storage
device has a tenperature at which a nmaxi nrum vol tage val ue corresponding to

the igﬁlﬁmgle Jo?t%}gig%ﬂggfﬁlfe eﬁéeﬁifét&% ¢ b&ist PHE iefb cABSBIShEetablel 0 2

second predeter vol tage val ue near a maxi nmum al | owabl e vol t age val ue
of thecoph@fing the SleefrROBordEY Hoce QRll tHatTthdelebifie seRBEAldvcSh a fehperitec e,
controlling the electric storage device such that the electric storage

devi ceathelsicha theempematuveltage wahieodf théelentrici storage détiag s maintanedf attthe fisdtect ri ¢
storage device is nmaintained at the second predeterm ned vol t age val ue.
Accor dimdgterminedeyoltage: valugol tegerdirgly, hide animimpine vekiageaydueiafi B8 electeicuat es
greatly with the, increase of the internal r(%e;s'hét ance of%fttge electric

st or agBoT@8Y Aewcs is copstantly, maupined em the stprt Jrthe spereians of thevehigle Witk e at
the tinme.of regenerati e i ] I f e ctric
St or agueHRurHEes PR s e Rt SR R MR E B velaoChER C
I's conglant lsrdRi dRlenegnhid, Rk @@nétp@gstbrill% th&t&hO RERBIUR WoRigel Viue/ hike! €

wWith a predeterimned margin secured wth fespect to the maxi num-al | owabl e
vol t aggestit Wrate devizeshigiche less thud tiRoMinitauinctlowbblesvoltabe value sdependiog onbi | i ty
that the maxi mum vol tage val ue of the electric storage device will be

gr eat ethe tusestatdher thexdnvirmmmehtowdhisemekdstinpessitdd tre psedtho ealetitni storagetds vies e
state or the environment. This nmakes it possible to use the electric

st or agwithiay p crangg beiveen the rilowsblewsalinge Haluest NREIR dongsT tiapfe PeEPd diahder a

| onger tine. e{i od than a conventional device. [0020] A
transpﬁ}“tvﬁ’t‘tilcgﬁ d§%4%%m wi t hout a contact wire according to the present

i nvention c IS | Uy . Lh i i

© provided w ?ﬁp pziuﬁt e %?Pgﬁ%é%r%g%é;glf%g? gtlohégt% f}deév{ctre zlasﬁ%o\él?ﬂlg{l ?totﬁgssegtoef m the
el ect 1 hfersfds 39 thedRhid€sd tHat HEQRInANLAVBRIRLMIR STaRé ERLrR storagildevitahhe

m ni nrum vol t age val ue corresponding to an internal resistance of the

el ect r bg eGlad kg PrélRwregnedeatfags valne ntarrthé nhigtlet allowatsle vehhdeagdue of the near
the m nimum al | owabl e vol tage -val ue of the electric storage device, the

t enper eltctrie stwager ddvieer dbntcootrel déws dover teterdorstion af theddedtne siopage delviee t he
el ectric storage device has_a tenperatyre at which the mnj vol t age

val ue Br arqsetam e pridod framaige st oiaperaionspad aF Hiedre it Ehfulife gt dhe Slectrit
predet er m ned .vol t age. val ue. cordingly, even if the voltage of the

el ect r?teragf"g?‘éiﬁ%cﬁ’e lg'ére?ffe(a tes greatly with the increase of the

i nter n@OlPﬁsi stance of the electric storage device, the m ninum voltage

val ue e electric storage deviceis maintained wwth a predeterm ned
margi n_ secur geegiiihp th 8BS @ShipdrauteeonoN mdthdadfl Bvahéent RiveRem, & Hetled t he
el ectric storage device. Thus, there is no possibility that the m ninmum
vol t agfurthet Wempfisihfieatehectati of spepatiuge oflehd eehivie] torhmllingsthetdientrit korageni num
al | owabl e vol tage val ue, depending on the use state or the environnment.

Thi s nékase puchpbatsthblebectric storage ldeviet des 2 itemparafueeyel Weigh @emagiiin valtaggnge
bet ween the all owabl e vol tage val ues over a I_ontger tjnme period than a
convenvlup aPesponding Hrike ijermakiegis@ace ¢dhg ¢lpeirip storgas CJél"’é’& FrANStGraga 2
device. [0021 . Accordi.ng to a tr.ans t ation stemof. th sent

i nvent FEAD tPFF]éieieé‘ﬁB@fjé’toffP%e E?Jﬂg PWI%‘?’W%E%W%%%V% tVPP‘}ce osft%? glgeg{n%e\(i ce
such that t el ect.ry r i VYl i mum
ol t agaouer (8 b T S s R AR ERL o e JAcR. LA ME Eicplihbrage Ao

stor agﬁuéﬂﬁﬁhﬁﬁ% RettRistrade i@ thad o 3GER0HuR € ARl @ tht RRdinteh halggevalluteomear a
maxi mum al | owabl e voltage value of the electric storage device when the
Maxi MugRev @ldcBRE stoPagéaldbdcofis t aintligel ki chstsecage piricierminedc voltageegalak. t o

t he second predeterm ned voltage val ue. Accordingly, even if the voltage of
t he el Actoidingdy, cvenyef ey voltage! efctha atestriogsteage ydexicehfledteates erealy evigt thehe
internal resistance of the electric storage device,in, sucriban (g%erati onal
envi r ofmeeense tofathe aintesnal agaistanea, Of dhe ehstric perage Jeirenizy 81 AR rEREANOZ2 he
maxi mum vol t age val ue of the el ectr.ic storage. devic he naxi nmum t age
val ue GRViFqmEneat gt iy %Ol?g‘érvﬁg’é dd E‘E’ei‘grﬁ%ﬁn%faé’loﬂéﬁaﬁbf “aprodet er irlﬁg fed

mar gi n_secur.ed with respect t I I t he
el ect r i'RIUg to(g(lﬁéegeﬁnec&%(\:/ ?tgre&%f‘ﬁﬁlsc,g’ tbgg}agﬂﬁwg} t%égsm EI +f|et'P %Q{eﬁgg%%@@?%um

vol tage value of the electric storage device will be greater than the

maxi nrum al | owabl e vol t age val ue, depending on the use state or the
‘environnment. This nakes it possible to use the electric storage device

wi thin a range between the allowabl e voltage val ues over a |onger-tine
period than a conventional device and to increase the life (durable period)
of the electric storage device.



f0022] . A transportation systemw thout a contact wire according to
the present invention conprises a vehicle running on a track, the vehicle
bei ng provided with an electric stora@e device. In the transportation

system the electric storage device includes a tenperature controller, and
at st aft. RitafRemaint SRS 8bml i€ sKehbCihe opkfiBioh BIRRY AHIE vaaNA bRIdeRImERAt r ol s

the electric storage device such that the electric storage device has a:
t enper ahmghiesctiradhivigh réspaititb themmeriniag ellvahble vohigeewhanolf thg dertdn stordger nal
resi stance of the electric storage device becones equal to a first

© pr edet davidene@husItherg és nalpossibiityrthat thie maximm|vottagdvalue of thegleoirag sierage t he
el ectric storage device, and during the operations of the vehjcle, the

t enper davineevidldit grerterthap she maxisuny allewvalle voltags valuggecnsading Ondhie Hse &€ t he

el ectric, storage devigce has a.te rature,at ,which the ,m.ni mim vol e
Tal e @the RevENERe o Jntkss iaonie P ISEHR R HoRB ARk W 8 i

ue B0 e e 6 POt a e Nt
o1 cot r rnerora SHONRIF dERdt i BEBREH DL el AL REA G e D T

oper at tdéggl of the vehicle with a predeterm ned margin secured with respect
to the mninmum al | owabl e vol tage val ue of the electric storage device.
Thus, there Asranspqrasioh byktetnywithadt & bentadt niinuacooading e theapreserdfinvéngion
electric storage device will be |ess than the mi nimum al | owabl e vol t age
val ue, calepisesiarvghivde tunmingsen stteack, the vehiclebsing providad. withijag elegias storage
possible to use the electric storageé&levi,ce Wthin, a rauge bet ween .t he
al | onasgvicey ollR 4he HARSRAItALSD eTYSIEM, JAG SHeHINBIOFAEF | B ChiT ues 2ol TUANEI onal
devi ce. n,particular, the tenperature . ' r
dovi cecanerolgrend MBR e SRl ofFed FATBE LA Gle b UGB fesfumb B O HE, e

m ni w@eé’tglctsggr?i%%/ HeliRe Olfefi&l'ﬂrg ik %E{]Bfedﬁtteﬁﬁﬁgc? ﬂ‘fﬂ%\i%fil‘ﬁ@%é&? 188 YRnithBma

g t owab

predet €rm ned vol tage val ue near m ni mum al e voltage value of the
el ectr LigowibH flitagdMiIeor thoelet@idisiRthoSddn, Hewbmpehrid esmidien cottrdlfithe
electric storage device for a certain tine period fromthe start of
oper at klettfic sttdgeadevice el that theeclddtfie sotagehieviek des ri temptrnageat ddi¢hcthecan be
i ncreased further. [0023 ~ According to the transportati on system of
the presemun veltageivehie oftthe plectsic staragst deyjrerinmadnainest atthe figet predetermyngd
tenperature controll er_caontrols, #Bg Ve ect rgc st or a%e devi ce suc hat the

r

el ect r Veltageoyalitfe desFPEHngYseven; i€ 88% oL the AeEHC StoRaRS ATWICE JHUCTS al ue
correspondi ng,to the internal. resj I j 0 : i ce
becomm gt Aty Be iesd R uslrBElSiRAGE o isB Fkeq Syt IRMRRN

al | owa 0 Y ic t ifd ARIEd G GCpre@RtOmsinEA NRarkine
oper at Péﬁ?go{{ﬁ?%gfv@hﬁ?églc tsﬁugagergrp&g?%?suﬁe ctont roller F():rc?nt rols the %I ectric
St Or agg.&headl with 3Bt Bahe bhiRinAIne Gll6WEbIS holtagevallavo e kb utc Storgerdatisee at
whi ch the maxi num vol tage val ue of the electric storage device is _ '
mai Nt aimhey tledre ishe s@sibility phize det reinmnmdvoltegd eediee ofthe electicstrragendgvice willen | f
the voltage of the electric storage device fluctuates greatly with the

i ncr eade less than that minimium alpwabipceoligge tvalieedepanding ep ohggeseaEdtec® ¢ such

an operational environnent_ that voltage value at the tine of. regeneration
ble tf un e Phige? Tangs

r eache§NYIFRAMERY s iBRKSSGH RPsFible tor usth IheePlactfF| Y0128t Aeyiee 0¥ ;
[ | t | f.rh | ectri ' ' :
o R iy el Spldel el st 4P 38, A a3 PRGN RN Bevie
predet %@g@ﬂﬁgeﬁy@g ReSEEME Sflciictshhrk to the maxinum al | owabl e vol t age
e elec d

val ue ric storage device. Thus, there is no possibility that

t he mﬁb@ﬂ] vol tage value of the electric storage device will be greater

t han the xi mum al | owabl e vol tage val ue, depending on the use state or the
envi ronment . ATbbrdinpgakes trangposstidil eydtem usfethehpresdng cihvéntiont dhea dempragturce
within a range between the allowable voltage values over a longer tine

peri od cohtallea controlsnthi oxledtricistarags. d¢vided stchpbgt thepeleetric oftorage devissi Iﬁ‘ﬁsﬂ

[0024] [Fig. 1] Fig.. 1 is a di aﬂram f a vehi %Ie of  a transportati thystém
Wit houtterapqg@tm%tw}“ph @ maximum voltage value corresponding to the internal resistance ot 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



11 according to enbodinents of the present invention, viewed froma running
direction. [Fig. 2] Fig. 2 is a graph showing a relationship between an
internal resistance and a tenperaturefof the electric storage device of the
vehicle in the transportation systemw thout the contact wire. [Fig. 3]

Fi 3 h '
ot B ERRER IR S Pt YRS kLR ol Sh0ce 2N
cont ro,ﬁcjc’{SE&HQQaE%}{ fH g \to(Pta ok Teffd eﬁmdét@ﬁ@é d@\fncé HRicRIaRS SftbatlynWeRt then.

[Fig 4°1s a graph owi ng a relatronship between a voltage val ue
and t hgcaugeber 1o isbaRb eckistmitehsf e tlaeriel earhgd desicoringancean operationdhe ti me
of inplenenting the tenperature control nethod according to the first

enmbodi eiritonméntt thet prveltese vilne enthiedime [oFiregendhtighi tpackes the anayimpm “¢ltA8E ng a
rel atlonshliﬁbbet ween an internal resistance and the nunber, of el apsed
mont hsvadue offtbe elegicoftoragg eviesm theygaximuanyrliage yplue 06 Fher%FCtﬁ%FW&ﬁe%gE’GFdi ng

to a d d t h

shoyhfé‘i%ﬂfg"’ﬁf’w'@%e Slertod B eyt oR st o e Mo aflobig 3P
nont hs r

TonLn, ek VgE ¢ A8 JRCC T Wik I PR LRl BATAL s

pr esen\t,ouagg QRfes tk[eF Eifetriélstétage dévitd vlll Weapidateh @nNtheambLindin afisivalle
bet ween an internal resistance and the nunber of el apsed nonths of the

el ect ryditagt QG CdGRIERE offthé he: stabioe ke énvirbiaeritr aTajsantlatsiiopossipdd ®msei t hout
the contact wire. [Fig. 8 Fig. 8 is a graph showing a relationship between
t he nuiibetecuic wbmge devinomithin armga beoyeengie allewableotoltage aplues PYX adlPBgdge

device of a vehicle in a conventional .transportati syst.e hout
cont actimgipedod Eh@g@e@nygtptl@a} qiey/pqnganéj@ IRCRGasq ﬁ\;é}fgl ?ble%l)eno 3/¥J tﬂe electric

storage device.
[0022]

A transportation system without a contact wire according to the present invéntipn
comprises a vehicle running on a track, the vehicle being provided with an electric storage
device. In tﬁe transportétion system, the electric storage device includes a temperature
controller, and at start of operatidns of the vehicle, the temperature controller controls the
electric storage device such that the electric storage device has a temperature at which a
minimum voltage value corresponding to an 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 during the operations of the vehicle, the temperature
controller controls 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. 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 eléctric 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



[ 0025] Hereinafter, a vehicle of a transportation systemw thout a
contact wire according to enbodi nents of the present invention wll be
described by referring to the drawingd® Fig. 1 is a diagramof a vehicle of
a transportation systemw thout a contact wire according to enbodi nents of

the pr 8&%&%%%@&& n, viewed froma running direction. [0026] 12
according to the enbodi nents of the present invention includes a truck 3

whi ch. runs o, garRbRste iR Epadnié 8EHe 2lechicGRIrhRCAdvYR 16 0otactedlat thef @irt of
receiving power is provided on a side surface 3a of the truck 3. The truck

3 i s abpaatierswfdicvalitle sarthat klechinimust witagevaey oCthe Bldctic stoagedévts cem power
received by the collection contactor 4. The vehicle 1 is configured to
accunubeeguallie ageaterimnadheoltage yahienest the anjoingian atlewsblgtvaltagh salve lof thee 1
stops at a station (not shomg%éband thereby to run on the track 2 _set

t her ef ghectricoorage device.  Thg coppslyslawndewn deteraratipn of ke elegiEistsiosage devace

electri.c stora devi c i ncl udes tepperature _contraol |l onfigured to
cont r oot R RmEHHERE o i MR Ty o B IR s gl Bl ot B e BR2Hns o
the velielo® dlvicBSarshOMRrdxtdfufihed: Note that as the tenperature controller
6, for exanple, a coo1|ng fan or the like for lowering the tenperature of
the el gopsjc storage device 5 can be used. In addition, the electric
storage device 5 has a naxi num al | owabl e vol tage val ue VH and the m ni num
al | owabl e volAtcagdingatoutheViranspsrtatidrowpddne of atht ggresenalinesmtionhac theastartseft i n
advance (seesakg. 3). The electric storage device 5 is not allowed to

suppl yopaaeensyifehe sehirlg: Be(teareragire aerioflemhcqntiels thaslasiriaeiprage seyiee sech

vol tage val ue of .the electric storage device 5 cqontinuously stays outside a
range g@f e releqiEe m?%ﬁ?‘éf;? JRant églqur%%eaR/é{‘f PHMAX YR v QHage ©

al | owabl e val t.age val ue VL 0028 In contrast. qn the ground side,
2 suppariredPeie B Mantl o RRth ol ibe plsor TPRRE Yo Bhobifty Sl

suppor tddagg pr-éHE?qn%iﬂea Wiy dade Wediha RRAWRT ai @AYo kAR BRIOES Be lefaiced to
face the col'lection contactor 4 at the tinme when the vehicle 1 stops. The

power f@eficnitvieNhit GdringBthie Sopeftidas b€ thet vehitle; Hind Gipefatate Sdndrotlyr ndrolsded

above the ground, through a power line (not shown) enbedded in the ground.
the electric storage device such that the electric storage device has a temperature at which the
maximum voltage vélue of the electric storage device is maintained at the second
predetermined 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 environrhent that a voitage 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 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 élecn'ic :
storage device within a range between th.e allowable voltage values over a longér tirné period
.than a conventional device. |
[B~rief Descﬁption of the Drawings]
[0024]

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



Wth such a configuration, when the vehicle 1 stops at the station, the
coll ection contactor 4 and the power feeding contactor 8 are brought into
contact with each other, and thereby Idower supplied fromthe charger above
the ground is accunulated in the electric storage device 5. [0029] [First
Embodi f®plding th¥mbodimentt 6f Gk PdsERY invhibRVidWed ﬁemcmhmg!dh@&icﬁl. tenperature
of an electric storage device according to a first enbodi nent of the

pr esengig.rmemg.i Qniswh | drate stewing hedldiynshef detvdeg 40 ihitbmatireshitags. add @. 2 is
a graph show ng a relationship between an internal resistance and a

t enperampestwt of ke ebant storagst davaageofdbe vehiclefin theetramsportatoni systehewithout
transportation systemw thout the contact wire. Fig. 3 is a graph showing a
rel at i BASARCIYEISeen an internal resistance and the nunber of el apsed

h L foi | i h . ] | . hod di
Tom el A R os: Sare pioying o Sialogatis PR T S8Rkl Res R i oean o
| t h i
Vo ag&g{&l{rﬁ& t%gag%édommoﬁ{ R .tﬂeaagggpmalnﬁ of téxngegﬁlg{tcg%tgﬂzggme

devi c _ e _ I npl enenting t tenperature c accordi ng
to thedebidite 8Ol ERPSdiRknt SBhOpREGRInvERYGNT | ON. [ 0030] I'n the
first place, a relationship between an internal resistance R and a

t enper fRigir4d Higi 4 id hgrapheshbwing s radatigehid deitveen valtage veludemd thdaambgr afSi ng
Fig. 2. As shown in Fig. 2, the relationship between the internal
resi st elapsed Roentbs phHidhet elnpioic aterage Feviee athibe diree of ilmplementige tetamperaure
exhibits such a relatjonship_that the internal resistance RIlowers as the

t enper gAntEob mpthodageording ta dag firshembociment of theRreseEIVERAN. af t er det eri orati on
in Fig...2, en_the deterioration of.the electric storage device

| nor et I HE & v SRR Aok & rdfishin B e bR e s gt the
resist e : i e 4t han

[ o51 St AREBR AR EMREARE frk S ERAVRE 05 dipdobl SBhudioniciRal han
the dejiQbidfi@io DfkcaiFlerhboiindhesAé pleSsit Sivegéh. R in the el ectric storage
device 5 has such a relationship that the internal resistance R increases
as the[Kgt&rFigr tis agraph shbeigd e edlatianskip betvgendevoltage Yalueandabeaumber of
Hence, in this enmbodiment, the tenperature controller 6 maintains constant

t he i nelepsedl menshs of ahrceletriofstorage dpdeq pf thedime of dmplamenting the, teauneratytel i ng
the tenperature of the electric storage device 5 on.the.basis of the

rel ati %W?B‘CM%‘H&%OFWW emé%ﬁfg?f&r?ééhwawt e ¥perature T in the

el ect rtﬁg.s'}]oﬁiggg gezy Ig?éaphSSh \91(1)1814 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 mqnths 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
ernbodiments of the present lin‘vention, viewed from a running direction.

[0026]

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



Next, a concrete nethod for controlling the tenperature of the electric
storage device 5 will be described by using Figs. 3 and 4. In this

enbodi ment, as shown in Fig. 3, when ¥he mininmumvoltage value V,,,if, 14
corresponding to the internal resistance R of the electric storage device 5
reaches redeterm.ne | t l.ue .(first . term t.age | ue)
near t cé:grﬁ“l?nrﬁ ??u{r%%aeir?%?/@ ¥rgts voglqﬁ%égsglgll&{éé@ﬁh 5’1%1?%% aef‘@é@?’?‘é’y@%or aggl){%evi ce

5, t hg%r%miﬁw&scw Qﬂt AOédAﬁEti& EQRASY f férh%céieiﬁag%%&evn;PRJvi&eheodeh%ﬁfer ic

storage device 5 so that the mninum voltage value Vinmof the electric

St or aggurfAey Bg ©f theCtauckb® NMBhetradkn® ek dbo pideided edei &1 sleteid suRhda@wiossd &g VP.
Specifically, since the internal resistance R gradually increases in the

el ect raccumubitiag podey repeived iyt the dellentioorcabiactor #heilbofveliskel K cpnf@ureditoe -
tenperature controller 6 maintains the internal resistance R of the
el ect riccuslsiciie paeer weths eleetris siarpgredayirecovhasthe neligls 1 gonrsad astatigat(etni ned

vol tage val ue .V, ~ gradual rai.sing the tenperature of the electric
storag%‘oﬂvé‘bvia@gt r%e rpp@ptﬁ%lgra%%eé cretor. The internal resistance R of
t he el ﬁﬁ&ﬂjc storage device 5 is maintained at the value Rp correspondi ng
to the predeterm ned voltage value Vp as descri bed above, and thereby the
m ni mum vol tRAGnNimentY Tl the PredehCirReREd, ithe SlebfRUR0MBY idefic® 5 cliedlai ned
with the predeterm ned margin Vm secured with respect to the m ni num _
al | owefehpetabilrt @gttrolbdr e cofigudsl ®hontrol @ tdmyeratdre of the electriogteragbatvice 5t hi s
enbodi ment, the predeterm ned voltage value Vp near the m ninmum al | owabl e
vol t agéurireg operdfionsf of e eklicler i castshowmyenddgi de Notmyphdseassdte temperataieue of ,
for exanple, 110 %to 120 %.of the m ninum all owabl e vol tage val ue VL.

[ 0033] controller 6, Aqr exssmnie.rFeepolipg fan or the {ike for domyering the derpppratugn ofithe glsgtric
accordi n% ta t.hi; engodi nt, when the m ni num vol tage val ue Vmm

cor r esHOREF AG 't FHECT Bi%€r nal resistance R of the electric storage device 5

reaches the Iﬂr@ﬁﬁ{)o r {ﬂ?g‘i’éitr‘{é)%t&ﬁg@dm&é*?hé@ Hﬁ%m@b%l%ﬁ%?g%%elﬁYMQ

vol t age val ue el ectri € storage device c storage

devi ceaR ihe einihig! et aBlcibliapatalub 8716128 a6 wWEb1s VeltBAgev et Gich 418S%ein
tenperature at which the m ni num vol tage val ue Vimm of the el ectric storage

devi ceadvanhee (¥a¢ Riga3hedTld eletteic toeaiet davive rfeid noohliawgel wadupply\powkinwehenemen i f
the voltage of the electric storage device 5 fluctuates greatly with the

i ncr eabgerbickingdunatioar(nat shoeai) staskcafter agfoltagrevalhe of theclering stgrgdalevice 55, t he
m ni mum vol tage val ue Vrnin of the el ectric storage device 5 i s_maintained
with teRItBReRRSY BaYS sidearyies bohvesadhs r@axwurrhalf Yolfa(setVﬁléler}?lﬁaﬂ%e

all Owagllinelm\{l(rjrl :Ell?og&?ab ea\lzoq&gglx‘lal%]; VtLhe electric storage

[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]



15 device 5. Accordingly, there is no possibility that the m nimum voltage
value Vrnin of the electric storage device 5 will be | ess than the m ni nrum
al | owabl e vol tage val ue VL, dependi ngl3on the use state or the environnent.
This nmakes it possible to use the electric storage device 5 within a range
bet ween the gl lLOWAY & ¥ethbader "é@hﬁ'@lﬁng\éefe_ QRO 4l BRcRRI §166gé iRNica
conventional device and to increase the |ife of the electric storage device
5. [ 00R4brdirpenantrsEshbadifeat bf the presentHeavaitioafwikibe deseritel dy referring it thel | i ng
a tenperature of an electric storage device according to a second
enbodidrewingsf Fige 2pises eraphi shownng errelatiohshife betasen iabdidtepneal rresigtan¢engnd 8 t he
drawings. Fig. 5is-a graPh showi ng a rel ationship between an inteynal

r esi stigmperating of e ¢legipie stasagecdearec the NeHde M theEADSPORAGR SYSEMeYERY g t he

t t ' trol_. hod ding t .h d enbodi - Fig. i

o aph BRSARAG St ol B bihEaDbarmBd s pheage e T de st |
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pr eseﬂé_ccbﬂi‘ﬁ?%ﬂté e fkQ03Modiment. Fig) 4 4 8 @afodiowang ,a Adlatidiehipt Bstivead a
operations of the vehicle 1, the tenperature controller 6 controls the

t enper adltape vafuetdnd thd aambércofsdlaysad) encehsi aféhdelsarit Isttragehde viderdt rtbatine| afage
val ue Vmn corresponding to the internal resistance R of the electric

st or agenpleventings theatenpseattret ¢rmtiol auethed wcepading 3t thg elirghlembodiment 61 thee

m ni rum al | owabl e vol tage value VL of the electric storage device 5, as
shown Prgsqmt gnvesliorspecifically, since the electric storage device 5 has not
been dﬁ)t gw’norat ed at the start of operations, the tenperature controller 6
sets tHPhternal resistance R of the electric storage device 5 at the

L £ BT et A ot opante s ekt

the tenperature o ric Storage device 5 (see F

i nt er ng] tht eRLSIARGRodRIRhcet RilEbeEdstiibedtyaisagFigeni ce 5 is set at the val ue
Rp corresponding to the predeterm ned voltage value Vp as descri bed above,

and thereby Abeshoivai imuFRigv @, ttheeclatibnship/bétweerd theh énteingl resissanseoR aapel thevi ce 5
is set at the start of operations of vehicle.- 1 with the_ predetermne
mar gi ntenferaterecliie dhertlepiricesterage device Aeexibifs waeh alrelatienshy tht thgymteailue L,
as ShO\rAg?sisitarr]lcelzz iRg 1ov§érs a%E%he temperature T rises. In addition, as shown by the curve 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 storagcle device 5 increases.

Hence, in this embodiment, the temperature controller 6 maintains constant the
internal resistance R of the electric storage device 5 by controlling the temperature of the
electric storage device 5 on the basis of the relationship betweéﬁ 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 Vin



[ 0036] Then, the tenperature controller 6 controls the tenperature

of the electric storage device 5 so that the m ni num vol tage val ue Vimm of

the electric storage device 5 can be mintained at the predeterm ned

vol tage value Vp. Specifically, since the internal resistance R gradually

increases in the electric stor agge device 5 wth deterioration thereof (see
Fig. 2yorrespandinger eutderaahressitanse B phaither sleqlic plorags: deviss x d¥dcheaice R

f th | j deyd 5 | dir h
br edet AP RBRGH VP REE UM PRy it el e L aPtreE R PuiBerativatlsr ¢ ne
el ectry, ltaygosfa?t%eVﬂeé@F\;ﬁg feﬁetcﬁrzggtlogdgg 'rdegi)ce 5l %%Qngerature cghﬂoltléi“@c&ﬁfmﬁhe the

i nterna Sl st ance I cC storage device I's mal ntal ned from

the st gifpepftufehst BPR/ARACRSrRE dehRe sl Bhethd minithh® Wlage vRue OOl 8saRNdi ng
to the predeterm ned voltage value Vp as shown in Fig. 5, and thereby the

m ni muslevtdict aigeageatesdcd/mMmoah b emeinaidedi at seopaggietatennede vbltage velust dpt | vy

mai ntai ned fromthe start of the operations of the vehicle 1 with the

pr edet Sperifieallynsinesi the iitemelkigsistingg Rigradugiheincrensestip dhawla¢tio siomgesigsise &

vol t age ,val ue VL, Note. that in this enbodi nent, the .predetermn ned

vol t ag®ithafigieriapatione thereaf eseh ﬁ}gm}Sa the| %Wﬁﬁ?@%&?‘f%‘g@r \ﬁafnti'i‘élt?}’gs e rigmal

el ectric. storage. device. 5 .ma e.se t val f . e % to
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t he stglr)llt?a.gtg?%t%e 0 e?‘;at‘lﬁor@goi g?rhg veI%i cle 1, et he el egta:éi cestorgge d%vi ce 5

i's conn{iol | ed such that the electric storage device 5 has a tenperature at

whi ch the mnimum vol tage value Vm n corresponding to the internal

resi st @03€]R of the electric storage device 5 becones the predeterm ned

vol tage value Vp near.the mninum all owabl e voltage val ue VL of the

el ectric stofheginterasl regismnead oé Beelectrinsiorage daviccopisiatingined ¢ thepyalugdhi cl e
evice 5 is contrqlled,suc

o eot parepondite ndhe e mEed il Vb Ny 5 dSifibed BRtven aRd e S e

value Vr.nin of the el ectrie stoyag Vi 1SR at.ai t

pr edet SFHTNEY Y/O(;{Atg%g‘éa%f/ealvd'é“ \9?f {Fguge&ﬁ es?o%aéel rcriléj%g%o tlggrgg@}a%eg rtr?l F\heof t he
el ectri %ﬁﬁ i i t | Rl RingdaldwdBid B8ltapk aatueof L he
oper at :pger?s%{eo tﬁﬁgﬁ?ngedﬁﬁ?ﬂﬁtrﬁg}%%&%% m ned margin Vnﬁ%secur ed with

r espechs kigovinhia Figr8.num al | owabl e vol tage value 17 VL of the electric
storage device 5. Accordingly, there is no possibility that the m ninum

vol t age val udovrimbin thisengioduneritcths pradatgenided iveléags vsluel Vpredr diesmitimum: he

m ni rum al | owabl e vol t age val ue VL, depending on the use state_or the

envi r ogHeveble Toltagariplag Vi obdhs elerwicr Yoragedevies 8l BRY Pret ebr dglicalyifte 5
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[0033]

As described above, in the temperature control method according to this embodiment,
when the minimum voltage value V,;, 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 Vpn of the electric storage device 5 1s 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 V, of the electric storage device 5 is maintained with the predetermined margin Vp,

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



Meanwhi | e, further specifically referring to the relationship between the
deterioration and the tenperature of the electric storage device 5, it has
been known that the |ower the tenperdfure is set for the electric storage
device 5, the slower the electric storage device 5 deteriorates. In
this epbodi epner at : LEE Wibitniih QRGR (Y &2, S0of the ST

| ow atdgt%r%g gf%?"%ﬁ%%e@ |f(§l'nds%)r g?sgi{bﬁgp\?%aﬁitg{e lff so that-the nininum vol t age

val-ue eYéE@Piffst ab@ed 14 Gvilll 65 368 HaNi B8 MirtAlm R6RaBlvddassl alaRieTVISd

vol t age val ue near the m nimum al | owabl e vol tage value VL of the

el ect rdepersdifg agahelaved s@tcbor Heusvirbnmentc eThigi makids e ppsitlodo (1se fer eledriant i |
the tenperature is raised) fromthe start of operations, the deterioration
of thestahgertevice St withigea dangecketves! Bwsalthomhle welthee orabuequait laylopger fimge of
the electric storage device 5 can _be ingcre; seﬂ. [83240] 'Thﬁ
enbodinesied shasra qonuenionabdevicanndrie insreasathe e ehthgeleciiqiteragndeidee hovever

t he prgag&t invention is not limted to the aforenenti oned enbodi nents.
Var i ou riations and nodi fications can be nade based on the technical

i dea h hnvention. [0041] I n many cases, a maxi num
volta Se&oq% ée}{lﬁr?g&teg the electric storage device 5 is generally exhibited

in.a set volfjag@afidr, bh@ethodefodfcofifidiiigy ROtemiper@yerof amekotie stamgs diejpendi ng
on an operational environnent of the vehicle (such as a case in which there
i s an idaeddineto 4 Sucord ampbaimernt bé theeprestuninventiomgeill/bd descithek byregietying to
exhibited at the tine of regeneration braking. _In_such an

oper atthedsdwiegs/i rfoprieista grapleshovtieg ¢ otletingship petwrsn apdrtemak resistangg andid§i ce 5
fluctuates greatly with the increase .of the i nttsrnal resi st anc

) of .t he
el ect raunksr plaglapsgdyenths atithe tHas of PITINHES W% RPN GPY aF’FS}‘OQ
appr oaches,.t he xi mum al | owabl |t age val ue VH, ly a
mor or et TRael FahtERES g b8 e SRR Stakhe, 2 rolin ARy BRET R ¥
volta i@l [ e te}
b ¢ oSl Vel RIROREADET dapstl S e clefiric sl SUARRTAUONRE of
vol t aggnplahbiRingihe t8Rgelafifte MRXIroMMEHO og@Rdinal toehd se¢ddid4cthbodiment 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 Vpin corresponding to the internal resistance R of the electric storage device 5
can reach the predetermined volfage 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 haé 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).- o |

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 predetermiriéd margin Vp, secured with respect to the minimum allowable

voltage value VL, as shown in Fig. 5.



Note that the tenperature controller 6 can also control a maxi mum vol tage
val ue Vmax in the sane nmanner as for the mninmmvoltage value Vim In
ot her words, the tenperature control 1% 6 controls the tenperature of the
electric storage device 5 on the basis of the aforenentioned relationship
bet we Oﬁ(ge internal resistance R and the tenperature T-in the electric
st orage device 5. As an enbodi nent, for exanple, the tenperature
control | er 6rHgmy theorhipetatid ecohaoPar Giicoiteol o thet tempetaturerafcths tebocade seagece 5
when the maxi mum vol t age val ue Vmax corresponding to the internal
resi stdavice Rsoftheththeaheimpin veltage axpdued¥mi of the rebestrirestoragordeyioee? whmdd
vol tage val ue (second predeterm ned voltage Vlglpégf) near. the Xi num

e

al | owalbriatairadtaidee predefermymed roktags valuscYr i OPst sueg thegintemar gesisteeer ol i s
f d that the. maxi qum.vol t al ye Vm.of .the electr
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oper at ong108 RY&BHE SndingOtot théprddBfridhrel %rfa%eobﬂaaw B geadMIBXraising the
correspondi ng fo the internal resistance R of the electric storage device 5

can r egfipernpt of gealgttniestotagt dagee § &dea®ignénr t he maxi num al | owabl e vol t age
value VH of the electric storage device 5, and the tenperature controller 6
may f ufO0OBe&F control the tenperature of the electric storage device 5 during

the operations of the vehjcle 1 so that e xj mum vol t age, val ue, Vmax of
the el ectri dndhismaygwer s ’é‘éer‘?)alG%Stﬁé’e%a?ftﬁg%reﬁg@lcﬁorﬁ%depvﬂ lSerP?Hll‘?é%’%
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vol t age _varue Mkt BiRhanddvicens af conkantRemaineisal Momehakatt fQBd bperdtiatsi cl e
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 Vp 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 th¢ electric storage device 5 has a temperature at which the minimum voltage value Vyin
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 Vi, of the electric storage device 5 is maintained at the.
predetermined voltage value V. Thus, the minimum voltage value Vg, of the electric

storage device 5 is constantly maintained from the start of the operations of the vehicle 1 with

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



2track 3truck.3aside surface of truck 4collection contactor 5electric
storage device 6tenperature controller 7supporting franme 8power feeding
contactor VLm ni nrum al | owabl e vol t agelval ue VHraxi mum al | owabl e vol t age
val ue Vmmmi ni nrum vol t age val ue of electric storage device

VL of the electric storage device 5. Accordingly, there is no possibility that the minimum
voltage value Vi, 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 temperafure of the electric storage device 5, it has been known that the lower the
témperéture 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 Vpin of the electric
storage device 5 can reach the predetermined voltage value Vp 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 elei:tric. storage device 5 can be
increased.

[0040]

The embodiments of the present invention have been descfibed 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 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

' iricline, for example), the maximum voltage value V. 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 5,

the maximum voltage value V. gradually approaches the maximum allowable voltage value



Vmm maxi num vol t age val ue of electric storage device Vnmargi n bet ween

m ni mum vol t age val ue and m ni nrum al | owabl e vol tage value in electric
storage device Vppredeternined vol tag® value internal resistance of

el ectric storage device Rplnternal resistance value corresponding to Vp 20

0o L A b 8o ot I it ool i 1o
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environment, the temperature controller 6 may control both the minimum voltage value Vy;p
and the maximum voltage value V. |
[0042]

Note that the temperature controller 6 can also control a maximum voltage value
Vimax in the same manner as for the minimum voltage value V. In other words, the
temperature controller 6 controls the temperature of the electric storage device 5 on the basis
of the aforementioned relationship between the internal resistance R and the temperature T in
the electric storage device 5. |

As an embodiment, for example, the temperature controller 6 may control the
temperature of the electric storage device 5 when the maximum voltage value V max
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 voltage vélue VH of the electric storage device 5. The control is performed so that
the maximum voltage value V. of the electric storage device 5 can be maintained at the
predetermined voltage value.

[0043]

In addition, as another embodiment, the temperature controller 6 fnay control the
temperature of the electric storage device 5 at the start of operations of vehicle 1 so that the
maximum voltage value Vpax 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 Vi, the
predetermined voltage value near the maximum allowable voltagc'value VH of the electric

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



when a m ni num vol tage val ue corresponding to an internal resistance of the
el ectric storage device reaches a first predeterm ned vol tage val ue near a
m ni rum al | owabl e vol tage val ue of the el ectric storage device, controlling
the electric storage device such that the electric storage device has a
tenperature at whic tQ/ m ni mum vol t age val ue of the electric storage

devi ceallowvabis ypltagsugjug ?'{'he first predetermined voltage value. [ aim 2] The
tenper% e _contr.ol t hod rding to claim1, further conprising:

when a Iﬁ“ﬁ%‘?ﬂ%@?ggger?/naclet}g‘ﬁ%%@r sponding to the internal resistance of

t he elﬁ)@hgi c storage device reaches a second predeterm ned vol tage val ue
near a max]i mum al | onabl e vol tage val ue of the electric storage device,
controj ling ydagle!l ectric storage device such that the electric storage
device has a tenperature at which the maxi mum voltage value of the electric
" storage deviteeki s mai ntained at the second predetermn ned vol tage val ue.
[Caim3]A tenperature control nethod for controlling a tenperature of an
el ectr3c stdresfe device nounted on a vehicle when the vehicle runs on a
track, _the rreéhod conpri §i ng: at the start of operations of the

vehi cl# cont %?Waﬁﬁg?mc l ectric storage device such that the electric
storagg deyiézo e@t?o% &ngag&g}er ature at which a mninumvoltage value
corresponding to an 1nternal resistance of the electric storage device
becorreg equalledifc stofdgeHeviReedet erm ned vol tage val ue near a m ni num

al l owabl e vol tage val'ue of the electric storage device; and during the
oper at gons oferdpbratirebomttdlercontrol 1ing the electric storage device such
thatthe electric storage device has a tenperature at which the m ni num

vol t agé val usippbrtingdrameect ri ¢ storage device is maintained at the first
predeterm ned vol tage value. [Cl aim4] The tenperature control nethod -
accor dfng t oPXVHifRsBNE $ANARYT conpri si ng: at the start of operations

of theV ehi cl e,. cont{ol Ibi]ngoléhe Iuectri c storage device such that the
el ectr e st oPHRURLAHOYEOIRTIREF ¥Er at ure at whi ch - a maxi mum vol t age val ue

21 VH maximum allowable voltage value
Vmin | minimum voltage value of electric storage devipe
Vmax  maximum voltage value of electric storage device
Vi margin between minimum voltage value and minimum allowable voltage value in
electric storage device
Vo predetermined voltage value
R internal resistance of electric storage device

R, Internal resistance value corresponding to V,



corresponding to the internal resistance of the electric storage device
becones equal to a second predeterm ned voltage val ue near a nmaxi num

al l owabl e vol tage val ue of the electri28 storage device; and during
the operations of the vehicle, controlling the electric storage device such

that t | ectri Tx:i] Vi h t t t which th i

v_o?t a£59§wﬁe§ﬁé¥a§qqﬁ§%r aeg& ewsg'?orZZeadeSinESr?su:]gi ﬁt ai niag at '?hga)s(le(r:rgnmd
det i | t i i it
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bei ng RioPaedRUicMntdunedll &t £64Hid16 wheR HRORIER\HisEon MREAEHE hbBo&k8nbfilife:
storage device includes a tenperature controller, and when t he

m ni mum vol t a@en wahinénaarvoltsgeoveduaepriespadingnd an irdérnaleekistanccef the eldagic
el ectric storage device reaches the first predeterm ned vol tage val ue near
t he mi §iomagn dgviceweashes g dirstagedeteaminedafoltagsevabileatear & miginpim glowable yeltagehe

t enper at ure c&gtrol |.er controls the electric_storage device such that the

el ect r iValug: r g eSlBRITF SETASK davice ngaairailing dhe: eloghicc fOTage davifiensnehyvibrt Hise

| h | ect,ri. t devi i i nt.ai ned the, fi .
br edet SlFicrCoEy HayEe BaTt BMmebqbier ol TR PURERET v Bhacki VA dChe slegtioai ng
to cl a'sf@rafg;: JRE S MalidEnd EARE ﬁx‘gﬁ{)ﬁd&@ﬂﬁiﬁé&'%ﬂﬁ%&%ﬁém s the electric

storage devi ce such that the e ric storage device has a tenperature at
whi ch a maxi mum vol t age val ue corresponding to the internal resistance of
the electric storage device is maintained at a second predeterm ned vol t age
val ue (€RimR] maxi nifhe EnEwideconpblragbod mbtordingfto chatmdl, athrer commpnsiage devi ce
when t he maxinum vol tage val ue of the electric storage device beconmes equal
to the secon®heped@maximimetolaget wdee varreseonding i rher jimemeh fesidancet plothesy st em

W thout a contact wire conprisin l e running on a track, the

: a vehi
vehi cl E6EIS FORESV IR FFahesan R S L I A e
el ectr LfioRARE %gﬁa&eﬂl&g of Hl%l e"l'&%%c ﬁo%a%g%%\;iget, %Brel'\trglﬁrqé El%l (l,leeéti'ic aspo(i!age 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.

[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, the method comprising:

at the start of operations of the vehicle, controlling the electric storage device such
that the electric storage device has a temperature at which a minimum voltage value
corresponding to an 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 _

during the operations of the vehicle, 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.

[Claim 4] " The temperature control method according to claim 3, further comprising:
at the start of operations of the vehicle, controlling the electric storage device such

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



at start of operations of the vehicle, the tenperature controller controls
.the electric 22 storage device such that the electric storage device has a
tenperature at which a mninumvol tagé val ue corresponding to an interna
resi stance of the electric storage device becomes equal to a first

det er mi ned: n cs :
2{ g Cfrc:agr@sp{&ﬁgm Ql,Jot ﬁg %‘}é?rllag ﬁ‘gﬁ&%ceaomé]g :’e::ﬂ%]&gﬂufa h{g?%%b&&lééot)éc%gﬁs \L b He tOO£ t he

or age devi ce, erations of the vehicle,

the t eERSIFitdRerRRidd PolkRe VARt At & xﬁﬁﬁn@h%bwhslem%g Galdevf R e@hct hat
the electric storage device has a tenperature at which the m ni num voltage

val ue sifragddevidegaid i ¢ storage device is maintained at the first

predeterm ned voltage value. [C aim8] The transportati on system accordi ng
to clai m7, dateg dienoperatidne oftta vehigle,ontreliing ke electrinstoyagsi davice suple that
tenperature controller controls the electric storage device such(%ﬁgt t he

el ect rthe elecicagjarage deviserhns o tempepinrgtal vehigh g maxmimKoltaesvelde g8 val ue

corresponding to,the interpal resistance of the electric,storage device
beco ecg%ggraggdgwgeegdﬂgnﬁpgg@? g’rﬁrﬁe?‘loé’ p{ﬁﬂefe@glesavlo 8PS 4 naxi mum

al  onabl e voltage val ue of the electric storage device, and during
the operations of the vehicle, the tenperature controller controls the

el ect rictaifif 9r age %&&%ﬁoﬁﬁi‘dh dyb@in Witlkouh e6tadtavisd eonagisintevi ce has a
tenperature "at which the maxi nrum voltage value of the electric storage
device is na nihiclaednsihg tdrea sechntheprebitiet being rpedvided matpear glegtric storage
| device, wherein
the electric storage device includes a temperature controller, and
when the minimum voltage value corresponding to an internal resistance of the
electric storage device reaches the first predetermined voltage value near the minimum
alloWaBle voltage valué of the electric storage device, the temperature controller controls the
electric étorage 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.

[Claim 6] The transportation system according to claim 5, wherein the temperature
controller controls 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 secbnd predetermined voltage value near a
méximum 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.

[Claim 7] A transportation system without a contact wire comprising:

a vehicle running on a track, the vehicle being provided with an electric storage
device, wherein

the electric storage device includes a temperature controller, and

at start of operations of the vehicle, the temperature controller controls the electric
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storage device such that the electric storage device has a temperature at which a minimum
voltage value corresponding to an 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

during the operations of the vehicle, the temperature controller controls 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.

[Claim 8] The transportation system according to claim 7, wherein at the start of
operations of the vehicle, the temperature controller controls 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 |

during the operations of the vehicle, the temperature controller controls 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.



