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1 DESCRI PTI ON ELECTRI C RAI LWAY POVER- SUPPLY
SYSTEM Technical Field 5 The present invention
relates to an electric railmay pomer supply system
for supplying electric power
el ectric railway. Background JArt 10 GeneH,ﬁ "IM,l,”mm”m”lm
substation for electric railway converts
alternating-current power supplied froman eflectric
power conpany or alternating-current power supplied
froma power plant ownedPESERARTI@ ectric rail way
conpany into direct-current power, and su ies to
feeder |ines. B TdtriEeeur et s M ed to the
feeder lines 15 passes through aerial power |ines, and
is supplied into electric vehicles by way of
Teentiegl aplkid O the direct-current power is supplied
fromthe feeder lines to the electric vehicles by way
of a thi¥ee rﬁ¥¢se1¢heu'éfle§%%<?ﬂ crﬁﬁﬁeél é’-OSlﬁe’pI ¢lestrie railway
rOV|de electric Q ctlon mot or (rot ar
Ul SRaEr RS OP) Oy oy b S0 Ao Be 2P PE S oepes for
eg@aﬁﬁglngﬁyé§e nnunted on the vehicle, and the
electric energy is converted into a traction energy,
and the vehicle 1is driven. The anmount of energy
consunedégﬁ an electric vehicle varies with the
te of the vehicle. Specifically, the 25
el ectric &&{Hh y O8RS %Bé A gfora'%%@'cr of %ﬁ%{/' onverts
power in a's tlne at e tine of acce
adtéestlihg- ctmﬁenmlpbag;e sﬁppnéte ﬂi@meémél&etﬁc pBRet Mdngany or
rail, and further the voltage of the feeder line

aat@p@tmmmmu VOWEY supelisict Hreuch pewpordept volnedy an

grﬁfh ar faC|I|t rfgTronm)datlng el ectric
AR Y sy SCFvaSREAE P dR Tyt 1 Applies to
f&é@err L ALY MphLO rdl%cklcﬁfc@%ngwerf Qupplled to the feeder lines

passes through aerial power lines, and is supplied into electric

vehicles by way of pantographs. Or the direct-current power is
supplied from the feeder lines to the electric vehicles by way of a
third rail. The electric vehicle supplies the provided electric
power to a traction motor (rotary motor or linear motor) by way of
an electric power control device mounted on the vehicle, and the
electric energy is converted into a traction energy, and the vehicle
is driven.

The amount of energy consumed by an electric wvehicle
varies with the rumming state of the vehicle. Specifically, the
electric vehicle consumes a large amount of electric power in a
short time at the time of acceleration. As a result, the voltage of
the power line or the third rail, and further the voltage of the
feeder line drops temporarily. To cope with such temporary voltage
drop, a railway facility accommodating electric vehicles having a

regenerative function utilizes the rotary motor or linear motor for
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2 traction as a generator at the tine of

decel eration, and converts the running energy of the
electric vehicle into an el ectric energy 1in order to
recover an electric power. The recovered electric

power is utilized to cover up for the tenporary

vol tage drop of the supply 5 voltage. Patent docunent

1: JP 2000-341874 A Patent docunent 2: JP 2001-260719

A Patent docunent 3: JP 2002-2334 A 10 D scl osure of
tranidAni of FegdrAreaPr PRibbihem Jive oécdeerledatiant And converts

BRI Lp LD BP0l DE U S checeic enrsy
j.fx%@?r@é IMeTMNGH QlediS-1Er 308 ttod feR e QQMrlc power

ine or the 15 third rail to the feeder line by t
iehedll zed ponwesveaotpr br déei ‘Cenpcﬂ‘érjz heolehgetdriop of the supply
vehicle. At this tinme, if there is any other electric
voHkigel e running on the track, the regenerated power is

consuned g!%g% ic h Ep”p er, if there
B eraglng el ec E 58% ef

i'S no acce? trrc vehi éle on he track, the

regener at ggh &lreabsineng02 POWRr 2bG1 Ykbhized to
tenporarily elevate the voltage of the power |I|ine or

t he thirdPatart Bgcwepntod: t H@ 20@LLBB4€ Zpower wiring in
the electric vehicle. At this tine, there is no
problen1mhen t he voltage elevation is small, but if

gﬁ% Fﬁ$ Lon is large, troubles nay occur in
opera on o ectrlc power facilities in the 25

T@&mﬁbﬁlm{néﬁ| e or other electric facilities
installed in the railway facilities. In particular,
if the el &bt vé%t:cvgr@%g%le@%émdpowqm@emera@ana \tbetra@@r at

Bt Bibe SonSsralsreric nelel G r FLoSivE! Todle Hving

Qé”éﬂe%étn?é) ﬂh&ﬁ@nehg‘?%&éﬁsﬁe&&é&' er&RNERO! Sode? line or the

SuUppress occurrence of
third rail to the feeder l:Lne by the electric power control device

of the electric wvehicle. At this time, if there is any other
electric vehicle ruming on the track, the regenerated power is
consumed by this electric vehicle. However, if there i1s no
accelerating electric vehicle on the track, the regenerated electric
power is utilized to temporarily elevate the voltage of the power
line or the third rail by way of the electric power wiring in the
electric wvehicle. At this time, there is no problem when the
voltage elevation is small, but if the voltage elevation is large,
troubles may occur in operation of electric power facilities in the
electric vehicle or other electric facilities installed in the
railway facilities. 1In particular, if the elevated voltage exceeds
the withstand voltage of an electric facility, the facility may be
damaged.

To solve such problem, the electric power control device

of the electric wvehicle controls to suppress occurrence of
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regener ated power exceeding a specified voltage, that

is, tolimt the regeneration. Mreover, if the

vol tage of the power line or the line is extrenely

hi gh, the electric power control device controls to

suspend the regeneration of e ectric power. As a

result, the 5 regeneration-fails. However, in the

event of limtation or failure of regeneration, the-

electric vehicles utilizes a nmechanical brake for

regﬁhﬁxangitpﬁwespescba@;ngequSpeuLfiaﬂdV¢1uageuntﬁatgisnetgylimit
converted into a thernal ener and is spent

tR%é%%Fﬂ@¥%F“W% tereoese 1fi Hee W@}gﬁiﬁ dEhaﬁﬁmﬁﬁr¥ine or the
cast O
lgﬁ%vie%te’&éﬁélﬁg%ggﬁr etg%'n ég r %t F%%CS %we éﬁ%%en pr opos(,:‘iejgtrOlS
tb0 sUSerd rtﬁgeﬁf@djé{dxﬂﬁl&h%m%lefc@h@ Wt I NG\st B€ result, the
regenerated electric power into a thermal energy by a
regeieypbion |failes diovever opas dbet @vemts Pil linitat pore rarefailure

gaVI éﬁ Ca acéﬁ%aFi if%%gﬁ?%%%igﬁ }I% eg%rgééﬂg%lcal brake
féi‘b%éﬁéﬂ@v ! L0c00MET Lod10h COSAST BhLVEANNG LBy is

commer ¢i al frequency al ternatlng current power to
cbﬁtrenmdt tntdiea tleendY | enqroyer asysiemspenonwadteefully. At the
substation, or to use in the railway station
SpEe | imej éérakPaP@ﬁ a’cﬂ%dﬂ%ma@ &P@d?aé@égnad'lce cost is raised.
char gi ng- |sch 20 deV|ce E?r an_e lectric
ba

rai | way h v ng a orreg%%t gfe Ocor?ﬁ%%? ad:if% it has

e8stkeal itke xhs!é 0;,[ d%égériéﬂa@!@é @l%pﬁeBe ﬂoQaQ:cﬁfvertlng the
elec ric power. Further, patent docunents 2 and
rdgemdnaSGdasiaeterarpowerrzmﬂqmaytpewmai su¢mgyyb5ystxﬂalstor It
(power source faC|I|ty% installed at a _ 25 substation,
iFn atsPc PreRCeEcERi d7p &R o FYR Ry | AV iRgyihgeapacity of

cgﬁ&&%q_ﬂéy‘%ﬁegt Sedle: eg% ?&Hrﬁ éﬂ §b%£cflrﬂ¥€lngc BRAGH Obower in

I'S conn

achauggalisehange cent cehvalayvi ¢Be StfenasatdivebOgSIddinto a
and step-down chopper. However, in such nethod of

coguieryithe fﬁ@g@@@at&h@ﬂ%@r@h@w@mf cHOW@l;n\‘/:@r tietigrnhgo the

e erative power nto ener
e&e glc power system from the sd%statlon og o use in the railway

station facilities.

Patent document 1 discloses a charging-discharging
device for an electric railway having a lead storage battery
comnected to the feeder line in order to level out the load of
electric power.

Further, patent documents 2 and 3 disclose an electric
railway power-supply system (power source facility) installed at a
substation, in which an electric power storage device having a
secondary battery or electric double layer capacitor is comnected to
a feeder line by way of a charge-discharge control device, such as a
boosting and step-down chopper.

However, in such method of using the regenerative

chopper for converting the regenerative power into a thermal energy
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by a resistor, the regenerative power is spent

wastefully. In the nethod of returning the

regenerative power into the electric power system or

using in station facilities by using the inverter

installed at the substation, 4 ndeed, the regenerative

power is 5 utilized effectively, but an expensive

inverter is needed, and thus the facility cost is

hi gher. The | ead storage battery disclosed in patent
b?do@umwst@r, HewsegenerpsiyRPwRIt 08 $Reribe WBs qlﬂayan In the

| - t Th
mEU R o R E R B T TEhTce POehriaiies Fagsie pover
st opf L‘%J:Lﬁ§t e ROMSIon Ne&d 1iiRkLd albg/peuéﬁ‘@ Ofhe | iSverter

acceleratlon whereas an electric vehiCle having a
m@@anedatatvethd undistapigeneimiees, a dhar geeceiemdtivef power is
e enerative power in an initial period of its
eer GEFSLVaier EHBr &) PHENSHG dgUCHAL deyneedpdeand thus

tﬁé’”:%%ﬁaﬂ{ cgiéqhave trr' C power supply systemis

require sufficient chargi ng and

di schar gi MHe CRRACEENdR BaRRY Bhscizdddem akkat | @RSment 1,
of | oad. However, the 'l ead storage battery does not

htesmersudls soff boitsdt twhavyiwgpdanad dinscllergring cepjasyt power-
to cope wth sudden vari ations OL*Ioad Accordingly,
SEPIYt | TSEERt he 8a&€a§FbrﬁﬁeaBaF? Sin shibr GtfREtgRc” vehicle

RERFER, A B el TR et \J/'égfaharea , Befiod of

it@sdadel atdtioni, swiigdisr &f. eTE€ reh argh c Uk siehanhgea C@égeh@l:atwe
device used in the electric railway power-supply

fepcftiom (m@t%w céafgei Aoyt dpEclregemkrafivpapener in an
,document s. [ expensj.ve. _In addition

P PRl M cRaFLETRGE . ColarsE (s FLoit, battery
i n the d [ t

oreoRgRE 0" B AR BOAPASRL P ORRRLR ¥ Sequiren oo

héws t hepsuf filveeto osttamygnandndt épsatawyighoppeitgeto asope with
the charge- di scharge control device %g ener at e

YPELHG) 0@@ *hi ¥rSray Hoummr Fhenhée gragreiatgery does
A R s G R R e
ee er r om e su 0 c Yy
with sudden variations of load. Accordingly, to utilize the lead
storage battery in storage of regenerative power, a multiplicity of
lead storage batteries should be needed. Hence, a vast area for
installation is required.

The charge-discharge control device used in the electric
railway power-supply system (power source facility) disclosed in
patent documents 2 and 3 is very expensive. In addition, since the
charge-discharge control device 1is poor in response, the suddenly
increased regenerative power cannot be stored (charged) efficiently.
Further, the boosting and step-down chopper used as the charge-
discharge control device may generate harmonic noise which may
disturb the signal device. Still more, if the wvoltage to be

supplied to the feeder line from the substation for electric railway
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fluctuates due to variations of received voltage

supplied fromthe electric power conpany, nornal

operation of the charge-discharge control device

cannot be guaranteed. Besides, the feeder |ine, having

Its own resistance, is 5 aceonpanied by a |arge

vol tage drop as departing away fromthe substation

for electric railway. Therefore, when an electric

vehicle | ocated at a position renote fromthe electric
fladduanys Substcatvepiationac ol ecatiedd voltigagsafplilkd from the
vehicle may be disturbed by the voltage drop. 10 .
eFRFRHEr POUPS o CARRALT e JEABRRt PREFETEBL e oW AFBoTfigRNaTIe
ele%%yic yehicletg%?a Iocatiqp renote fromthe

C e

RIS PRI FRAYT STaTYBATHE |ine vol tage may be

el evat ed susiden| yrhy tdeicel echd,| GavReyeitd eganesatRence, is
froma decelerating electric vehicle, and limting of
aregereied i by er leape uveldger efyemerast | depamhyndcaway. I¥om the
The present invention is devised to solve the above .
SPPYAHR, RRd ‘?Jteci‘%l%eﬁéégﬁ%’-obj rFﬁ%FEeofWQ%l pfRs&tectric
. al_e [ racl way. =S S c .00

e e Tkl e e
sGBSiat 160t id efpdelbfgread, Vaginiaieaff @he Vetsicakl aay ate diksturbed
is also an object of the present invention to 20
byrewenplageefiEer ri c rail way power-supply system

capabl e o intaining a stable runnin er.f ormance

o "ol ot r PV c ALoR, B B arPo R P S S G Srom an
c3ubstat AR -ANda 0L YAtk g LRECEUNRESY tROCERtric railway
wastefully due to failure of regeneration or the IiKke.

s2atibe; hahe al irBolvul tare Tayabhi elerarkéssudiznegt sy tHee electric
electric railway power- supply system having a nickel
PRYRHF égeﬁn%?@rgrcm at feceEleiig elacenc sAnidEl uard lgmiting
i ckel g%dr ogen %atlareeryo S. 2 %i 5@%- current_ electric
DO FRTIT o BOLE” (e b oI B 1°"h " HSLHE on for 30
el ectric bl WausdaVi Neetid@nstoaplsdr td €681 Nehe above
electric power 6 froman alternating-current power

peoplamst |, anad rige tiist penge devicbgect thereof to present an electric
railway power-supply sSystem excellent in fast charging and

discharging capacity and low in cost, not requiring a vast area for

installation. It is also an object of the present invention to

present an electric railway power-supply sSystem capable of

maintaining a stable rumning performance of electric vehicle even at .
a location remote from a substation, and not spending the running

energy wastefully due to failure of regeneration or the like.

Technical Solution

To achieve these objects, the electric railway power-
supply system having a nickel hydrogen battery of the present
invention includes a nickel hydrogen battery as a direct-current
electric power facility, being installed in a substation for

electric railway having a transformer for receiving electric power
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connected to the transforner,
connected to the rectifying
ni ckel hydrogen battery is di
feeder liners. Herein, being

and feeder lines
device, in which the
rectly coupled to the
"directly coupled” 5

means that it is connected diérectly w thout using a

char ge-di scharge control devi

i nvention, preferably, a nick
used. The nickel hydrogen bat

ice. In the present
el hydrogen battery is
tery is small in internal

frEsi & aRdberTEY NG - W@@'th@@@eVarqla‘f—’tlbﬁws dugechifying device

t f SOC 1Q (stat
K0RFFabi 151 {or R Er gt

FEAn B0 Bl o the

ré&@@?ﬁj@e et LE Ctlny whfcH el 88ARL IHRSOY, BaLAGA is dlrectly

battery of a smaller capacity

as conpared w th - othe

caegtendaby thbatfeedyr andrst doesraial bednd r edvastl ar eaupled"

for installation. Besi des, t

he ni ckel hydrogen

TeRSt BR3C 11§ 3FEFIROPACSAD L ARRE Via P RPN 51T 2afBAYgRe discharge

&hgrgesdi;scharge control devi
sSpace ? installation of ch

ce i s not needed, and
ar ge-di scharge contro

device i Slrﬂ‘oéhen%@§é‘t§:r Vinvert W RcLXRBNG] V& nickel hydrogen

change- di schargée control devi

ce i s not uSed, the

baitery elequiedrenthe snichwl i hydosten hereayers staide inhénternal

ni ckel hydrogen batter is hi

igh in volune ener

r%%ﬁ%ﬁwaf (200 mn bl sy B I9RLNS, B (5 variations of SOC
LasLabh all0ge) f &Fébgﬁtsgnhsﬂea\%ﬁ%ﬂl{egg CRORR DAL Sk Sy, am

|ke t arge c

ontr evi ce,

h@:tter ati ean Bel ayhneanddi &irexeell ept thd fayded line by using a
charge-di scharge characteristic. Still nore, if the
bHIETY | @ aandsrgalétﬁrdcﬂma@ﬁdpp@ss GoaeRged zw@harc@éer secondary

di schar contr devi ce can,

be omtted, there s

bft Vot e o Aeh oot TFAMES | YoHbi eusin oy nFtAllation.

Bé&l%tegr bcﬁehﬁlé}t&n A aHICBatte

battery I1s snall in internal

Jhe ;1 pi gkah bydragene varlatlons,

fesi stance, and 3Smal in

an@lthageham@emiscmnsgd usnteol alavate oirs not wadedanthd @pa@e for

suited nore than other batteri

ies for suppr essi

inRteliaelont Qfol RgEe- By CHREEh FUIHEL f ﬁe*ﬁarqehewmr@%emecessary

dr o en battery if a lar C
A e S

urrent O iS needed.in

? TBRObIORRER 1] o s, che

eﬂ&"i’em btﬁ'ler‘i.’cl'191§| aelr i vekdicl e negesesat e§:mc@ndt'_he nickel

generates a large
hydrogen battery is high in volume

energy density, it does not need

vast area for installation. Further, the nickel hydrogen battery is,

unlike the charge-discharge control device, free from operation

delay, and is excellent in rapid

charge-discharge characteristic.

Still more, if the boosting and step-down chopper used as a charge-

discharge control device can be

omitted, there is no zrisk of

occurrence of harmonic noise which may disturb the signal device.

The nickel hydrogen battery is small in intermal resistance, and

small in voltage variations due to variations of SOC, and it is

suited more than other batteries for suppressing decline of voltage

by dischérging from the nickel hydrogen battery if a large current

is needed in a very short time

during acceleration of electric
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current in an extrenely short tinme, the nicke

hydrogen battery is nore suited than other batteries

for suppressing elevation of voltage by charging.

Therefore, the feeder line voltage can be 5

stabilized, and it contributés to efficiency of

operation of electric vehicle. Preferably, the nicke

hydrogen battery includes at |east one battery

nmodul e. Preferably, the battery nodule is structured
vehighetr hatf thebeistEsnc aobarte ofeasppticte aud (geperates a large

col | ector_pl ates lurali of _unit batteries havi .
T 8 B et T OTRE ALt aie G, DL CURFat SRFeY is
mPA t5hi QRedoiy, sepahat LS afiesStagked iResiddhat1dhRion of

positive el ectrode cell of one of the  "adjacent unit
vbHtsger ikgs cmdginde nBgatefuee gl elod r deteleeelllinef vbhteage can be

ot her of the adjacent unit 15 batteries are opposed,

sttiidendt hénddj Hee RPNURHONEDAL ther | 8SEicieparmedt cops@nion of

t . pLate serving as a dividing wall between
e%%%&gg§? |€ggélectrode cell of one unit battery and

the negat byeretpty odRe celikkel thareddier vatiiry, baidie¥s at
is provided, and 20 the common current collector has a

lezsmuone attabhepaswedideof héaeferatdysf efhenehttherradedolie is
as or lLiquid, According to this configuration, heat
sg@ﬁ%?ﬁ?@dﬁx%ﬁtnﬁ?ckel hydrogen battery can be
kgg&g@e sed: ef Q%&g Leterd o ] :
can eas g%blfeé‘ﬁe ) %%Y the %gtlf t%@%%re%gg%g%eé)%g@ghty of
ueit ensederfay t hatindy dostitivg tdlecbaddeer yellDdul #1d0Y negative
stacking up wunit batteries as described above, the
eteriirede errllsnpPariglionsce Sy s sepRy@tots et 8k3ckeddupb esc ghat the
be. suppressed .nmuch | ower. By nposi n he_ ni ckel
PR r Sger Bartary By 08 5 DAYt 6 AGHRES Ptls Pcteries and
tRONPASSG-RY SiRekbRg M 1Unb bARLt 8Ehes, of h%hié' Z8ih&nt unit

further reduced, 30 and the area for installation can

bberessdeetare8 opgdeedcommon current col l ector may be nmade
bg‘gweaenpot[h%usadj acent unit batteries, a common current collector
plate serving as a dividing wall between the positive electrode cell
of one unit battery and the negative electrode cell of the other
unit battery is provided, and

the common current collector has a communication passage of heat
transfer medium made of gas or liquid.

According to this configuration, heat generation of
nickel hydrogen battery can be suppressed effectively, deterioration
of the battery can be suppressed, and the battery life can be
extended.  Further, by forming the battery module by stacking up
unit batteries as described above, the equivalent internal
resistance of battery module can be suppressed much lower. By
composing the nickel hydrogen battery by using battery modules thus
composed by stacking up unit batteries, the size is further reduced,

and the area for installation can be saved.
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netal plate. The common current collector may be nade

of a netal plate provided with a plurality of

comuni cati on holes used as 5 comuni cation passage

of the heat transfer medium When an alum numplate is

used as netal plate, the conductivity is inproved, and

an excellent heat conduction is realized. Preferably,

the ni ckel hydrogen battery includes at |east one

battery nodul e, and 10 the battery nodul e includes a

pluralityThé aminon lattent esolismtchrumay bat hady of a porous

|ncludes pl at e- shaped positive and negative el ectrode
SR80l | ect ors which are provi ded oppositely to

cach o NCime acSERA! ALk SRATELDE! UBEN UNGRASILA Ve meta)

T ¢ current col

el ectrode ector and the‘negative
pehest pasladeir wetih eolgleehdity aBfl camf@sicht v ehslelr aded as
cell contacting the positive el ectrode current
coprdcabiorapassaase gat fhee hebectrasgéex aiddivont dbehnp Bhgmimm

PURCRr BT 161 (ESth B aokEl TGbOthd 150 s and an

eﬁeéil%‘éehéa{te%ﬁd%%l&?rfse%aff%édea or of one of the
adj acent unit batteries is opposed to the negative

el ect r odePeefarebly colthectmirckefl Hyjeogdérhebatterty includes at

battery, and a comunication passage of heat transfer

1R Lﬂ‘?‘?o]?até‘éy Y q @A i s provi ded between the
mut ual |'y a uni t b tterles 25 Acco di to .
this conf?%%ra E%ﬁ Y h Bt gEne Rt T8I Sof ni 8& Vi ogen Tt
phetdaey, can be suppressed effectively, deterioration

of the battery can be suppressed, and the battery life

can be extendedit Fbhettery, byclfudesi pjatdreshbptd epysitive and

nDduIe by stackin ﬁg unit batteries as descri bed
na% EhEES ?\&%@ L RRESTAPT30MHES; eFakeveeied cppositely

I I
by vty ol g

ctpthtltesol etk or and the negative electrode cuxrent collector, and

a positive electrode cell contacting the positive electrode current
collector and a negative electrode cell contacting the negative
electrode current collector,

the plurality of unit batteries are stacked up so that
the positive electrode current collector of one of the adjacent unit
batteries is opposed to the negative electrode. current collector of
the other'unit battery, and

a commmnication passage of heat transfer medium of gas
or liquid is provided between the mutually adjacent unit batteries.

According to this configuration, heat generation of
nickel hydrogen battery can be suppressed effectively, deterioration
of the battery can be suppressed, and the battery life can be
extended. Further, by forming the battery module by stacking up
unit batteries as described above, the equivalent internal

resistance of battery module can be suppressed much lower. By
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conposed by stacking up unit batteries, the size is
further reduced, and the area for installation can be
saved. Preferably, the nickel hydrogen battery

includes at 5 least one battery nodule, and the

battery nodule includes a pl@ality .of unit

batteries, each unit battery has a structure in which

a space between pl ate-shaped positive and negative

el ectrode current 10 collectors which are di sposed
COmMPSSNT cihe néckel fyerpasn betiely d wethg rtépec tmogiyese thus

sol uti.an lurality of the positjive el ectraqde
St B SRRl bR Y e N e (1 SSPEClY ffecher reduced,
afd Hhe N L0 kL e CliRl 21 1 QWRRd 4N @-negald ve' el ectrode

current collector and a plurality of the negative

el ect r odePsdietblyr e the spaskdl f tyirddien negatdrye iklrludes at

el ectrode current collector toward the positive
leasgc PRo dRtER¥Y EREWleol@Ect or so that a positive

el ect rodeqsheel, av) gy 2 ROST (LRl CCt T BHRAGLI Ve  mic
mat eri al and a negative el ectirode sheel having a
paegattye el ectrode active material may be assenbl ed
alternately, and a separator is interposed between
each posi¢adte ehidct paderghdes andst2@teaeh inegédtichea space

el ectrode sheet, the plurality of unit batteries are
betsERe PIRFSSEPEMRE  RIFETHGSI t%\% PRt Ede SLErOAE  current

S BEEOT i 0%%e°fdi|£-€§s £ jec%fpr%ggtééingﬁto hatbertfis, | 5 filled

opposed to the negat rent collector o

witte ot beectailitdaddietyon ard p2 bral iG9MBENtiEA e Dt PRS $A8€rode
of heat transfer mediumof gas or liquid is provided
shreatge @ifet Hespefedalirgm athe ceeritime t ebeatredfesurrent collector

Accarding to . this confiquration, heat generation_of
e Ry RO DS Y o8 o B s ol BSLEH B codiericy of
tHet SR Al 081 frohbe hakter Yax%andp%oéléﬁprﬁ%ﬁed%qeanﬂegative
the battery life can be 30 extended. Further, by
elartrbdg tiverdnat toel Yeatoatultewhyd Stiae kpag thipe 18ledttbie current
batteries as _descri bed above, the equivalent interna
collector so that a positive electrode sheet having a positive
electrode active material and a negative electrode sheet having a
negative electrode active material may be assembled alternately, and
a separator is interposed between each positive electrode sheet and
each negative electrode sheet,
the plurality of unit batteries are stacked up so that
the positive electrode current collector of one of the adjacent unit
batteries is opposed to the negative electrode current collector of
the other unit battery, and
a communication passage of heat transfer medium of gas
or liquid is provided between the mutually adjacent unit batteries.

According to this configuration, heat generation of

nickel hydrogen battery can be suppressed effectively, deterioration

of the battery can be suppressed, and the battery life can be

extended. Further, by forming the battery module by stacking up
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resi stance of battery nodul e can be suppressed nuch
| ower. By conposing the nickel hydrogen battery by
usi ng battery nodul es thus conposed by stacking up
unit batteries, the size is further reduced, S and the
area for installation can be lg¥aved. Alternatively, a
conductive heat transfer plate having comrunication
hol es in the comuni cati on passage of the heat
transfer nmedium may be inserted between one of the
upift uddtyenisaceast dgacrilbiedt t @bpes, anthe hegoivelentni ttintermal
battery, so that the heat transfer 10 plate contacts
reHSTABES t Phe PR it SELEr FERL colqué’EWﬁseéf “Hﬁ% GAvEr- By
R e T R AL s i
coRosea mya@a@hr@n Bl Wit et philee, tHéh%laé Lurg lﬁu:B‘ErlﬁHraE:@duced
is small in electric resistance, and is excellent 15
ang theatrssoAducirisgaliatinpr earp kef savs). y, by pl ati ng the
aIun1nun1AfIate wnth ni_ckel ,. the c gc% sta

decr eased™ FFEheYeT bef&@%ﬁ#%ﬁﬁ?%ﬁ Sﬁtp ﬁF? ' Faving
ALt erlesantoydhe;at hel Uidmbatiery, ?as@a%éald)ﬂt Y8f neat

conductive nmenbers may be inserted so that “each
teaxdet t medd umendge fbec indeatted hdmveposontd wE 26 eluectYlgdedjacent
current collector of one unit battery and the negative

Up}te SREBRIELCSURRG fhec BB B+ d?atttﬁéyotsﬁeizhacﬁw ithepgate Fyansfer

th e rue
o5 sPRtade SR T O BERNHY PPl FRE= R B e
bRElrer ¥ind Thee C Glé VeIdRIFBas e E%Blféd&&k NEM the other
pl ate having 25 the surface plated with nickel. The

waltudehtempl ate is small in electric resistance, and

by platlT% wi th nickel, the contact resistance is
further Geiead, tRNeter PR BRErFDIMEEsCh 78 alumimm plate.

’Ea[%ﬁﬁh)ﬁ? HEODElS s?nrglgg.ﬁsgygcﬂﬂé 2 fs%!ancé hgnglfsaegd:gllent

way po r-supply ystem of "t presen
mnh@eﬁlﬁl ethdurelvitgs a feedesrdicrabnhi quy l;Slal:lngCQy@ @i rum
to a substation for an electric vehicle and receives
piageepith nickel, the contact resistance is decreased.
Further, between one of the adjacent unit batteries and

the other unit battery, a plurality of conductive members may be

inserted so that each conductive member contacts the positive

electrode current collector of one unit battery and the negative

. electrode current collector of the other unit battery, and that a

commmication passage is formed between one of the adjacent unit
batteries and the other unit battery.

The conductive member may be an aluminum plate having
the surface plated with nickel. The alumimm plate is small in
electric resistance, and by plating with nickel, the contact
resistance is further Ilowered, and it 1is preferable as the
conductive member.

| To achieve the object, the electric railway power-supply

system of the present invention includes a feeder line which is
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current power fromthe substation, and an electric

power storage and supply device having a nicke

hydrogen battery, wherein the nickel hydrogen battery

is directly coupled to the feeder line, and the 5

el ectric power storage and supply device is installed

at a different place fromthe yard of the substation.

In particular, by constructing the electric power

storage and supply device by directly coupling a

coiplel thyaraipenativat fer yart elacteiedeehidleeand m@ceives direct-
| ocation renmote fromthe substation, 10 for exanple, a

CHEEdET pPY"%Te £X%r Chgn SHRTACAERT A6 BB ?Pfecfﬂfl% power storage and

S48 A UL LA L0, 80, OIS0 s

?Brdaglint |kﬁ_ltt@ﬂ,d of dikectlacksupial @o' Qﬁ‘at E@*liﬂﬁ:e'l‘ihg and the
romthe substation, |arge voltage drop of the feeder
eﬂem@m@am\b@: §up:m%sse@ suppdyt @evicenis nigispel st aane elidfferent

ctric vehlcle an be sufficiently exhibited,
ﬁﬁ? O@d%ﬁ?@?ﬁ?ﬁﬁ thars é@sv%ﬁ¥%be drop of the feeder
line, wastgf ubospepding t I&Sns{ﬂﬁ‘e&]?% ner g)él@étrtlge power

el ectric vehicle due to régeneration lure or
skboks#gec amdb esuppppr @sded. bbaewetly tdrwpeieet i ﬁlcp@we lhydrogen
storage and supply device having the nickel hydrogen
bphtsar 3F0d Pr éegdsy 20ne ciplaedocatigie remeter fnaunshe sSUbstathIl

i.nexpensive . With the _substati Her ei

tPh e‘geg?%e r@fe%%gg Ssi '8 of MHendiE ™ &H%F T of a
shB@:aQ@.bﬂt afd Hs&net §{J.‘§§Eartb_6ht Yor agd ahd ﬁfx%@oﬂsbf] Ja feeder
electricity. The yard also includes the regions

1pae tadrirespuhdiyg 2% henesyinbar endior ariviicade erchafingle track,
or the like, off-limts for_ others than the workers

abr 2y MR JeEIpre, f@ﬁld’%? rﬁtrbéﬁa‘ﬁgg} o&r¥e gipltage drop of the

I.C C h p ew. - Furt her
Qe PRER et b ot Thr Shndo Sl 001 Pl Bieclingne o e
ell&ctripl aeni€crl Il poweLrHieedhiny, F&&'zﬂ‘bl@d faghl b§'YS1l1:!i)ressmg
the 30 electric railway power-supply systen1 At such
lpoger védedengrepi of , the Ifepsiter aling, wearsfudr mpendinognain the

i nstalled, but secondary battery or,
runmtn tie eg t}i’lc vehicle due to regeneration failure

or the like can be suppressed. Moreover, the electric power storage
and supply device having the nickel hydrogen battery directly
coupled to the feeder line 1is inexpensive as compared with the
substation. ' 5

Herein, the ‘“yard” refers to the site o©of demand,
including the point of use of electricity, and all area using
electricity. The yard also includes the regions partitioned by
fence, barrier, barricade, chamnel or the 1like, off-limits for
others than the workers or related people, and similar regions from
geographical, social or other points of view.

Further, a “different place Zfrom the vyard of <the
substation” is a piace called power feeding point or facility in the

electric railway power-supply system. At such power feeding point,
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ot her electric power storage and supply facility is
install ed. Advantageous Effects 5 The present

i nvention provides an electric railway power-supply
system not requiring vast area for installation,

excellent in rapid chargi ng arel di schargi ng

characteristic, and inexpensive in manufacture. The

el ectric railway power-supply systemof the invention

is useful for saving energy, preventing 10 '

gerpgeridyat tomsfaiher ejs cudt i imgthhiededkyt @medondary battery or
suppressi ng power line voltage_drop. _Mreover, the
OFH#%ﬁ%F@H”ﬁr8?¢Hé§t9n§Fé€P@i%%¥%VI%ﬁyllEbWﬁ%l§%%ﬂﬂ§d-
system capable of extracting the running performance

of electric vehicle sufficiently at a |ocation renote
alramasBeud Ersedsd ati on, and suppressi ng wast ef ul

spendi ng of running energy of electric vehicle due to
regener at Tba fryigdsane omveheidr kerovidgsower alaghoic beailway

AREISILES e.to pover o Luke or /Ul o 8l Lhe i acicr

hesibstat | |3 e el eghrig .St :
e%u%%ldeé%iS%&gbntaln'n tﬁg Zggﬁlcégi y rod%ﬁéﬁgStuL and
ihatpeeryvar anutmdriufedtdre . dr i Vithet helecehicl eatbwady power-supply
nearest railway station wthout stopping the auxiliary

SHEEHE nels Bie iRENfeeR cle. UPeFihefor feRVIATSIEHETIY i ngveventing

t he ni%kelzgygro en %ptergheins alled at the . 13
*SABST AL 3h dha the Blect?i c pdwer stor ag&rang. Supply” ~€
Vggﬁﬁﬁpdgggjaining the ni ckel hydrogen battery may be

used in 25 place of the substation, and the

mai nt enandleremersertheci ngveasftithe proubddsat borelmayrbe railway
easy. Brief Description of Drawings Fig. 1 is an

PRt 1SHEPLY rUEtEPal CRRGPaRf of X RSBt FiT TBHLRQ Poighprmance

ower - suppl e I wi_th _a i h en
Bt a s Rt P R ol Bt "SR "o e
sUB¥EItHbAN. arkd GupBréssitgC Waste ffuldispeh@Mgs REWi6naR energy of
exenpl ary enbodi nent of the nickel hydrogen battery
elactiie fehgtlepded ey eggeneration failure or the like. If power

cammot be transmitted due to power failure or trouble at the
substation, the nickel hydrogen battery installed at the substation
and the electric power storage and supply device containing the
nickel hydrogen battery are utilized to drive the vehicle to a
nearest railway station without stopping the auxiliary machines of
the vehicle. Further, for a short time, the nickel hydrogen battery
installed at the substation and the electric power storage and
supply device containing the nickel hydrogen battery may be used in
place of the substation, and the maintenance and servicing of the

substation may be easy.

Brief Description of Drawings
Fig. 1 is an outline structural diagram of an electric

railway power-supply system provided with a nickel hydrogen battery
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enbodi nent of the invention. 5 Fig. 3 is a

characteristic diagramof SOC (state of charge)

showi ng vol tage changes in relation to SOC in various
batteries. Fig. 4 is a diagramshow ng the nickel

hydrogen battery and a substl&ion portion renoving

the nickel hydrogen battery 10 extracted fromFig. 1.
Figs. SA to 5D are di agranms showi ng denonstration test
results of the electric railway power-supply system
ingyitagst mrefaixsde Enpnadmene Pibhe eiyvenhiethe fir st _
preferred errbogi ment of the ..invention. 15 Fig. 6AisS 1
an out | i nE*%ecti ohdl 3t Futttrtal REGFRnPBTEI bt t &F§TPLATY

RSNt Noft £ihd Shi Gl Vel SERlereX@RESy BNdukd 0ri8B IReferred
per spective view showi ng a part of the battery nodudl e.
elbgiimdnt fanhe uiiveneigrer specti ve vi ew show ng a

partially cut-away view of a cylindrical battery. 20

Fig. 8 i sFeh obit FFné sECEPeriiSSEF uCiassm Jew gstate of

= .ery ] 9 . persp ' vi_.ew §.ng ,

Cé‘%%) gusllr%g)wﬁi (L\)’f3 it 5ol clﬂlr]%lg%? Zl'rga?%ea{rtégﬁo& ul eﬁl&g\l\%& virious
pseeaRds structural exanple, by a forced-cooling fan

and a wind tunnel. 25 Fig. 10A is a | ongitudinal

secti onal Figew dgfs ehdisgmamespowinglhe hickele hydoegert battery
structural .exanple. Fig. 10B.is a_ sectjonal view

| g
BP0 nFREERbHIUCPPY e FenbdP V188 s fike diydyogen  battery

j L] egigode plate and a negative el ectrode
eg?%gtctéé%%ﬁ\e%%ttery nodule. 30 Fig. 10Cis a

perspecti vegyi e oo &DCapduat ayenmie Bhewinkd deflbsdasion test
out side of the gosi tive electrode plate of a unit
rpslter yof Filge edettyig pJevidpRdt PPecyistwpdf §ygem having the

APPSRt o BLg 2208 210 orale 00| QRN RY o e
invention. :

Fig. 6A is an outline sectional structural diagram of a
battery module in a first structural example, and Fig. 6B is a
perspective view showing a part of the battery module.

Fig. 7 1is an outline perspective view showing a
partially cut-away view of a cylindrical battery. |

Fig. 8 1is an outline sectional structural view of a
square battery.

Fig. 9 is a perspective view showing a configuration of
cooling of a battery module in a second structural example, by a
forced-cooling fan and a wind tumel.

Fig. 10A is a longitudinal sectional view of the battery
module in the second structural example.

Fig. 10B is a sectional view showing a conductive member
disposed between a positive electrode plate and a negative electrode
plate of the battery module.

Fig. 10C is a perspective view of a conductive member
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in athird structural exanple. 5 Fig. 13 is a diagram
showing an air flowdirection in the heat transfer
plate in the battery nodule in Fig. 12. Fig. 14 is a
di agram showi ng a heat transmission direction in the
battery nodule in Fig. 12. Filg¢ 15 is an outline
sectional structural diagramof a 10 unit battery
enhanced in durability. Fig. 16 is an outline
structural diagramof an electric railway

dimpweed syysslige syfs thenpusavivdedlectinde plateelof hzydnngebattery
battery |n a _second preferred enbodinent of th

i nventi onF1%i g<. l%ﬂ%@@?élﬁ? e iGagF zih‘s’leét[‘ld'xﬁiaﬂﬁfer plate.
Mo tE -l b8l he GhPEEr L Cod Y oaue

power - supp system i n t s&cond

ienbedi Frecrofrihe boventi on. Expl anatl on of Reference
1 alternating-current power source 20 2

al t er nat i Aitg cu¥y eimt %&@@m nehdring aasf afpeflows direction in
recti eV| l.ine 7 turn_conductor 25

S Reek g r D gOR Bt £ IS C SR FOFIgl ddrr i ¢
railway Pgy 9h4substati ghdom 95&%15—1&_:;0 L airjaupy ssion
10b el ectriTt power storage "and supply device 11,

dirdoribh cireltbetbdttereiodhte 36 #figbatt.ery nodul e 15 41

unit battery 42 ion perneable separator 43 positive
el ect r odeFES! |15 43 pegaitilieeePeciiopgk enctural diagram of a

unit battery enhanced in durability.

Fig. 16 1is an outline structural diagram of an electric
railway power-supply system provided with a nickel hydrogen battery
in a second preferred embodiment of the invention.

Figs. 17A to 17D are diagrams showing demonstration test
results of the electric railway power-supply sSystem in the second

preferred embodiment of the invention.

Explanation of Reference

1 alternating-current power source
2 alternating-current power line

3 transformer

4 rectifying device

5 feeder line

7 return conductor

8 nickel hydrogen battery

9 substation for electric railway
%a, 9% substation for electric railway
10a, 10b electric power storage and supply device
11, 1la, 11b, 1lc electric vehicle

40 battery module
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5 45 positive electrode current collector 46 negative
el ectrode current collector 47 current collector
menber 48 oxygen cylinder 49 pressure regul ati ng val ve
10 50 path 5l1a, 51h, 51c, 51d, 51e, 51f valve 52a,
52b, 52c, 52d, 52e, 52f valveis53 fan 61 positive
el ectrode active material sheet 15 62 ion perneable
separator 63 negative el ectrode active material sheet
64 negative el ectrode term nal 65 positive el ectrode
4term nal 71 positivenet éetttege active material sheet
20 72 ion perneabl e separator_73 negative el ectrode
48ctive material shedPn FFAMEaBI¢ iSPRAEAEEt r ode t er mi nal

5 negative electro%§ tern1nfgcuig# {r.insulator 25 81

attery nodul e 82, S%ﬁ?mignnunicét?%ﬂ'space 83a,

483b intake fan 85 pﬂgjf{éti.]% el sebriade-shate  85S
positive electrode cell 30 86 negative el ectrode
4pl ate 16 86S negat peeiEivecteledsodel turBént arllector

ermeability separator 88 a&r cotrumani cati Qn passage
9 conductive merrbepegatlve electrode current collector

47 current collector member

48 oxygen cylinder

49 : pressure regulating valve

50 path

5la, 51b, 51c, 51d, 51e, 51f valve

52a, 52b, 52c¢, 52d, 52e, 52f valve

53 fan

61 positive electrode active material sheet
62 ion permeable separator

63 negative electrode active material sheet
64 negative electrode terminal

65 positive electrode terminal

71 positive electrode active material sheet
72 ion permeable separator

73 negative electrode active material sheet
74 positive electrode terminal

75 negative electrode terminal

76, 77 insulator

81 battery module

82, 84 alr communication space

83a, 83b intake fan

85 positive electrode plate

853 positive electrode cell

86 negative electrode plate
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5 90, 91, 92, 93 insulator 94 positive el ectrode
termnal 95 negative electrode termnal 96 heat
transfer plate 97 air conmunication passage 10 98
battery nodul e 99 positive el ectrode current collector
100 negative el ectrode currerit6 collector 101 ion
per neabl e separator 102 el ectrolyte solution 15 103
positive el ectrode sheet 104 negative el ectrode sheet
105 unifying positive el ectrode current collector 106
8eMi fyi ng negative elRgAtAivEcelagiredr cgdll ector 107,
108 insul ator 20 illlgositi e_el ectrode current

8Col l ector 112 negat?VEEFERITGGE SFERFRTRY col | ect or

sd13 Insul ator 114 igﬂm@aﬁi&?gﬁ%_@&% 115
positive electrode cell 25 116 negati el ectrode

ggel | 117 nonwoven ctaiduceivepaleypeopyl ene fiber 118
nol ded body of nickel foam 119 nonwoven cloth of

9%ol%tpr &pylPéne fi ber InIP@taHl ded body of nickel foam 30
7 Best Mbode for ryi.n t Lnvent i.on

2 reinafter, pref eC?(’rés el\rf%oelr%n?cgegfe € present

onvention are descrhkedispecidd-eakd tebMikaf erence to
the acconpanyi ng draw ngs.

96 heat transfer plate

97 alr communication passage

98 battery module

99 positive electrode current collector
100 negative electrode current collector
101 ion permeable separator

102 electrolyte solution

103 positive electrode sheet

104 negative electrode sheet

105 unifying positive electrode current collector
106 unifying negative electrode current collector
107, 108 insulator

111 positive electrode current collector
112 negative electrode current collector
113 insulator

114 ion permeable separator

115 positive electrode cell

116 ﬁegative electrode cell

117 nonwoven cloth of polypropylene fiber
118 molded body of nickel foam

119 norwoven cloth of polypropylene fiber
120 molded body of nickel foam
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5 First Preferred Enbodi nent 1. Configuration and
operation of electric railway power-supply system
Fig. 1 is an outline structural diagramof an electric
10 rail way power-supply system provided with a nickel
hydrogen battery in a first Igreferred enbodi nent of
the invention. As shown in Fig. 1, a substation for
electric railway (hereinafter called "substation") 9
includes a transfornmer 3 for receiving alternating-
Best Mede powearfyiom aQut dheekmesmtagrcurrent 15 povver

source 1 connected to an_electric paower system
of an al %?‘?Fé’ﬁfﬁﬁr'cu@%‘??pﬁ%er W‘L%ﬁ% % P&ct #‘9

Guliasnt copneeked hos ansf 20, 2,0 kel o
ﬂ%‘#ogen battery et @gg eg{’ %P' g connect ed ©
abBongahgd hee larbeiidee rectlfyi ng device 4. The

rectifying device 4 has its positive side term nal
connected to a 20 feeder |line 5, and negative side

termpal to .a_return conductor 7 by way of a wiring
FﬁSt,Rrﬁ% gfj%dg “battery 8 is directly coupled

to therfsedss rhl@ﬁﬁé&@ﬂﬂwn@é& DT, e

1 10 tqo lectri ilwa eY-S 1
specifically, the nickel hydrogen battery 8 h%spcl)v%s PRy
spetsant | ve el ectrode side external terminal connected

to the feeder line 5, and negative el ectrode SI de

external 259t et e c%’rtrﬁé‘ﬁ TR (BREFHN Qndlicdpctric

<hi Bt efyel- oKD oy e o A BLOBh, Sy Plceery

lhl Qqﬁ}sw ;sﬂé@@hé&%%bdm@na shamngerghemehas ge control
device for controlling charge-di scharge voltage or

charge- dRsckbhege burFiant 1,o0m csh@sg@tl@nstfhar geeaatitageilway
and char ge- dlschar e 30 current. In the electric

Pg‘rﬁf‘\ﬁﬁ§t%\/\%‘? lsep SYAH8M t hds lBWS’u& edanppmer 3 for
?Hﬂq ' ”Ql ‘i-}ﬂ}ﬁ gr— Ve t ghbernat Q&exﬁé{ﬂr?gmcunent
vol t ag anstf or me i nfo direct-curren

powet a@faxce andc@uienuécs t® é:rhealfeeeﬂ:&:l‘ pawae §yst'éh16by way of an
direct-current voltage out put
altemating-current power line 2, a rectifying device 4 connected to

resent

the transformer 3, and a nickel hydrogen battery (detail described
below) 8 comnected in parallel to the rectifying device 4. The
rectifying device 4 has its positive side terminal comnected to a
feeder line 5, and negative side terminal to a return conductor 7 by
way of a wiring 14. A nickel hydrogen battery 8 is directly coupled
to the feeder line 5 and a wiring 15. More specifically, the nickel
hydrogen battery 8 has its positive electrode side external terminal
connected to the feeder line 5, and negative electrode side external
terminal comnected to the return conductor (rail) 7 by way of the
wiring 15. In other words, the nickel hydrogen battery 8 is
connected to the feeder line 5 without resort to a charge-discharge
control device for controlling charge-discharge voltage or charge-
discharge current, or charge-discharge voltage and charge-discharge

current.
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5 fromthe rectifying device 4 is supplied into

electric vehicles lia and lib by way of electric car
wires, that is, power lines, via the feeder line 5.

In the electric vehicles lia and |ib, the supplied
direct-current power is convéfted into alternating

current by, for exanple, a power control device 12 on

a vehicle, and is supplied 10 into a notor 13 for

running and auxiliary nmachines. The regenerative

power gentt at'd® | FLeFHE S| eCBALEY e RURESUPAY andYFiey thus

c dro e 8
cor%StFHg@ef%éeder gf?%té&% H% gglfﬁgé/nl cke VJégélér ol&é% bkﬂ?%mg_
c8ledit Chartaed. rihe tak eetdristorROvey 13e6 uan#e@team@nt h@oltage

ni ckel hydrogen battery 8 is then supplied 15 into the

aml evutpits ehthd deefidra land 51 b Thdepiordt ngromnt heoltage output
voltage state of the feeder line 5. For _exanp

E¥qfe TBF cERGHLEY YRhIFEVECS 14 1Ps SHPPYEGe ﬁ’é?%tq:L@%t%‘l M?Pedreﬁ 11la
at{ 8kpdStakeor a@fécu.]fc eleclkilLs vehlhel & | lpgwe:r!’ Sll?igs, via the

accéleratiig vehicle in accelerated staté,
féepeneind ise 20 che rercrifomdtieleeganeaad| y:ea,vehecb@phed
i's supplled to the accelerating vehicle, and an
AsesEsSUEgEnBPERY 6 CEFYRIE LoWa Fheanating mu&@vt by, for

hydr ogen batter t.he ckel attery 8
ABIER oP B O PR D P R add, Sinen "EHEIBor AR G5y prpLisd
ivehi ol egotda ard £di bxﬁhﬁm‘g@?%&ﬁr akinhd 1 %8RI GlRBinddle  The

di scharge current fromthe 'nickel 25 hydriogen battery
ré&yanerstpa pewbﬁ|gEneidmedatmeﬂha'até¢u;1ve¢éhﬂcéesflmanandrmab is

feeder line 5 of electric wres. ThIS i's

=aRAat n"—hecﬁ’&f:b?]n FOEREIER SENEREY NG B¥ TRE AF kg feeder

d tt | it
VSCo0gs TL RON QA LRE s 00REAL 00 hefBl | DL fhcersc
phdrt g&&m&lla&eghﬁ{ %d e Blatdhenvehiege beiyrennt Beplied

feeder line 5 and the return conductor 7 19
lI(lttcertéimaﬂeetrxﬁaNeéldCldﬂe Ieeegelr Ulbnedepdrdage” pni she voltage
gher than the _electronotive force of the nicke

SFVﬁ?BﬁéHEbg??%?ylgmiﬁerelnafter called the "battery
vol tage” )Foﬁnldﬁéatﬁ:ﬁﬁésc%r g%em%@eéﬁ%'cs l\/@ﬂ@éln Ry is a

thi s manner 'ni ckel hydrogen battery 8
rédanrtr-htiy<c R@hgtY in braked state, and the electric vehicle 11b
is an accelerating vehicle in accelerated state, the regenerative
current from the regenerative vehicle is supplied to the
accelérating vehicle, and an excess regenerative current flows into
the nickel hydrogen battery 8, and the nickel hydrogen battery 8 is
charged. On the other hand, when the both electric vehicles 1lla and
11b are accelerating vehicles, the discharge current from the nickel
hydrogen battery 8 is supplied into the accelerating vehicles from
the feeder line 5 by way of electric wires. This is an operation in
charging and discharging of the nickel hydrogen battery 8, and the
operation is not limited to this example alone.

In short, the nickel hydrogen battery 8 is charged when

the voltage between the feeder l1ine 5 and the return conductor 7
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5 and floating discharge are executed. Herein, the

ni ckel hydrogen battery 8 is conposed so as to have a
battery voltage equivalent to the average of the
feeder line voltage. As described above, in the

el ectric railway power-suppl y® system of the preferred
enbodi nent, at the substation 9, the nickel 10 :
hydrogen battery 8 is directly coupled to the feeder

line 5 and the wiring 15. Hence, a gomgf supply system
(hgrcdRafeersicapled i Weentiepeer st tipleageicdls| éipheh than the

api d chargi.ng and. di.schargi ng haracteri sti nd .
o BRIt AR BE bU ¢ TREIREE POl rig ey e rginatter
caBeabensi gty Jo1vaye ) 12resti &l &hahedaldera@¥eis lower.
rectifier, or may be an electric power ~converter or
Iso:ldal machddC- DC denvecker hydrpose dabyensigng faczoimgr charging
el ement such as | CBT. The alternating- current power

| AR Feeting sAiSGEHEIY \ATe CXRFEFal HOWRR sBRR Jelkgst Brfrogen

8 o _ o cEctgs o
ohoE 2yt SELCR, 28 5 non Bt T o Sabet Sran SETRET ©

t6d efbtide WEhil Eebdeatind ivlltaget 0 an el ectric train
running on the ground, but may include a subway
train, sthedssaribsst abpye (ldrglthe elddtrieniadledy rriwer-supply

bst at.i 9 in Fig. 1. ided with th .
TS b e PSSCeHed BUTRYPRY: diviCE ARt The i BReFcHel
h 0, AL L £ %iré&?ig”t%uﬁfeda'téot}% Rebded WrkNsalhg the

I nvérter for returning 2 he regenerative power into
whringl ter nallemg, car perlr gopely |dyeeem orhigh is simple in entire
char ge-di scharge control device, such as boosting and
SEFESLEDWN %ﬁ@%ﬁ%‘t asifn araicuct GRarIidganpied of digeharging

rior _art. The nickel hydrogen battery 8 may be
c@%ﬁf%gﬁﬁﬁﬂf’éﬂmgﬁﬂﬁfglSé%%é%$'ﬁ%3ﬁFgEH§ving a battery
vol tage egid ValBt gt heev3Ee aver obet hei fiRedery1l -vave
line voltage. Alternatively, the nickel 20 hydrogen
réatitfeey ®rnehplfiewaenposddiasra ser ey dsnnact kedactofica power
plurality of battery nodules (hereinafter this _
CRYFEPHr & i %O‘Eﬁjrjre@d)ﬁg'ms%?fﬂv@éﬁﬁﬁt TIRPSHO IR eiSing o2 agontrol

LB SHBEChE P20 A BALL S YO Lgoe Al AL o
usually a commercial power source system, but it is not limited, and
it may be an electric power system such as a non-utility substatiomn.
The electric vehicle is not limited to an electric train running on
the ground, but may include a subway train, streetcar, or LRV (light
rail vehicle). The substation 9 shown in Fig. 1 is provided with
the transformer 3, the rectifying device 4, and the nickel hydrogen
battery 8, and may be also provided with an inverter for returning
the regenerative power into an altermating-current power line, or a
charge-discharge control device, such as boosting and step-down
chopper as in a structural example of the prior art.

The nickel hydrogen battery 8 may be composed of a
single battery module having a battery voltage equivalent to the

average of the feeder 1line wvoltage. Alternatively, the nickel
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5 Furthernore, the single battery nodule or the series
battery nodule may be connected in parallel. Wen
connected in parallel, the battery capacity is

i ncreased, but the equivalent internal resistance is

| onered. The battery nodul e i29 conposed by series
connection of a plurality of single unit batteries. 10
Fig. 2 is a diagramshowi ng an exairrple of structure

of the nickel hydrogen battery 8 in the preferred
hydstpgdin mbatteryn & heay conf tgmcsefoass Roierias Frgneztiomeot a

i ckel hydrogen batter is.c osed b aralle
o BGEY [n PO POt aEs B soaT e Srirpitge called a
wuni :5Fy, e ponposed, of -2l r oBi

%%tl:e%r 5@&15 m@du ees*?orsgsggi Eg Bgt(t:%ra%ﬁ%o(d)ﬁl g%lﬁlnﬁ %i Ba.lttery
v@ltdeghegpeedehtit efd Upites S aRbrags 2 arféed@r oviited @Sltage.
protective circuits in the event of short-circuiting
Fafthepmprer ths $8191€0RpUsitmgmedielauirt §he ssqrgeghatigsy module
hi gh-speed _interrupt 1 is gdisposed at .the feeder
"?YnEGSQQFléFegn ntﬁgrﬁiﬁﬁ“zo g%%%dc?néﬁﬁFﬁp er gﬁfl’ the
pétER9sedaddcithe Mkri Racddisshde s@nnegled dpiviletr internal
return conductor 7, while a reactor 23 is di sposed
roetatence t ie loweckél h{deobertdat rerdylsd dmdedripesed by series

hi gh- speed interrupter 21, Thus,. by disposing the
CPREECEAYD 23, 2 RRTRYLf LuridTie it FBCEFESof short -

circuiting;is er.a ; j

high-speegu%s |ngéﬁrgg?g%%gf%ﬁgﬁggggl2%§$%§Qﬁggﬁ%%3?UHe of
tBddh{dre] agrirdgah abat@eiyest in CaR Reesdittiedd eiiboEaett el Yin the
The reactor 23 may be al so di sposed between the
confieuspeied ishoenr dpt €ig222anghe heichegkdlydnpgrogeattery 8 is
battery 8. Inci tally, the high-speed . interrupters
TBR 5 SIS ¢ AETRSEESr 59 Ty Db freds . e
- j t a e b ghs d
14eRAROL N AR BE GASH ’rr!agsg)%g%rﬁogﬁg oflei g sﬁ‘%ﬁ%ybattery

Interrupters 21 and 22 di sconnect or
mb&ulepr oV isdetles Haeteihseoanbat.or has no capacity for
interrupting the |oad current, but is effective when
servi ci ngIby Kfeni Ag theh-mase r ivtarppigus, 21 and 22 are

provided as protective circuits in the event of short-circuiting of
batteries for composing the units 8A to 8D. The high-speed
interrupter 21 is disposed at the feeder line 5 side, and the high-
speed interrupter 22 is disposed at the wiring 15 side comnected to
the return conductor 7, while a reactor 23 is disposed between the
nickel hydrogen battery 8 and the high-speed interrupter 21. Thus,
by dispcsing the reactor 23, rising of current at the time of short-
circuiting is moderate, and the 1load applied to high-speed
interrupters 21 and 22 may be reduced, and the accidental current
can be shut down securely. The reactor 23 may be also disposed
between the high-speed interrupter 22 and the nickel hydrogen
battery 8.

Incidentally, the high-speed interrupters 21 and 22 and

the reactor 23 may be omitted depending on the case. Instead of the
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5 2. Characteristic of nickel hydrogen battery
Hereinafter, the characteristic of the nickel hydrogen
battery used in the electric railway power-supply
systemof the preferred enbodinment is explained in
conparison with other types 8t 10 secondary battery.
Fig. 3 is a characteristic diagramof SOC (state of
charge) showi ng voltage changes in relation to SOC in
various batteries. Curve (a) shows the voltage change
hi@ﬁl—ﬁmﬂdelinhymeﬁs Bhatansk 22, car ve-(aledhdiscanhector may be

p%q%'a 20 e o, i ERa e 1B LT (e o T « BFpEripng che
dr Vet | Shows | efeéétage changeof e Lg%c C Mﬁ& the

ayer capacitor. The voltage change (AVIAS
eleekai¢ airtaitSOC variations is about 0.1 in nlcke
hydrogen battery, about 1.5 in |ead storage battery,
about 2 in lithiumion battery, and about 3in 20

eI tric doubl e Laye qﬁ%ﬁl assum ng

saﬁg vo%Fgé%JE ﬁaﬁéﬂk“ t Cégﬁéfgﬁ 5¥ogen battery is

smal | er igeRabherat, cmamchyraétféaﬂsﬂicl%pftﬂee@gcﬁépr B@@ogen
battery, 1/20 of I|th|un1battery, and 1/ 30 of

bﬂkec?rmse@omblehéayéecm@pacﬁm@wayFE@@&‘smh@ybanﬁeay of the

Ssize can be reduced the corresponding rate. 25 As
PRATSRFET PRGNS S GRBFS DR VTt Hye S Bipes of

M? ( ' der in range S of variations of SOC in
Sé%%%..oﬁk$o r"X/\'ﬂoltage vari ations as conpared wth other
batteri esriglhal is, at Rarartesabtiyy datgpambaift e90r | &tate of

smal ler in variations in battery voltage in relation
cmaggearis@pwgm uplisoe. Byngont rlalstreliahlm hép B&Et el egarious

30 shown urve variation
%teréﬁ ot 6T B (e Bl lerat S 8 1 20e) Mryarogen
t| S e erai t (o
N T
catepos) rnjlot«vlaetha/cvbnm ohatdee ofet @ umal ere thotdrey, Vand curve

mhen it is used to keep the_ voltage variations with
(Fasgewsivihe voltegn Bengseef itearfss fodplie dfyer capacitor.

The voltage change (AV/ASOC) in relation to SOC
variations is about 0.1 in nickel hydrogen battery, about 1.5 in
lead storage battery, about 2 in lithium ion battery, and about 3 in
electric double layer capacitor. That is, assuming same voltage
changes, the nickel hydrogen battery is smaller in battery capacity
than 1/15 of lead storage battery, 1/20 of lithium battery, and 1/30
of electric double layer.capacitor. Hence, the battery size can be
reduced by the corresponding rate.

As shown in Fig. 3, the nickel hydrogen voltage shown by
curve (a) is wider in range S of variations of SOC in relation to
voltage variations as compared with other batteries. That is, the
nickel hydrogen battery is smaller in variations in battery voltage
in relation to variations of SOC. By contrast, in other batteries

shown by curves (b), (c¢), and (d), variations in battery voltage are
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5 range S of SOC, and the battery capacity can be

utilized effectively. By contrast, in the |ead

storage battery, supposing the voltage of the nedi an
value to be V2, when it is used to keep the voltage
variations wth range dV2, it2can be used only in a
narrow range of SOC, and the battery capacity cannot

be utilized effectively. 10 Simlarly, in the lithium

ion battery, supposing the voltage of the nedian
largdeuént rellae 183, toneniations @fs&@Ct o H@epxmevowra:@énmg the
variations wth range dV3, an,be used only in
ARG ST SBE Tndiehel 56TYy RRoIng the

vgﬁagyg HE Zgﬁe %te.dggﬁtll'\)ﬁki\é LO'_Bé gfg tude ef keep the

ge variation range is deflne as 15 fol | ows:
veMalg¥! var26N2 A tdVEhNGe danstdetdmn@ef noed tire almost all of
vi ewpoi nt of voltage variations, when the SOCis in a
rmgﬁdEeObeQCang@d s;hef b@tt@mnﬁ@cmhec?m ke Wodiped ofderbively.

8 CGRFBEH 1 CPnd T ar Pt By SHBHHCLR fig. "h a6 of
tﬂ\@eﬂe&%ﬁr %mge apd 20 dzscmérglﬁg of i noohieby the voltage

drogen battery 8 are repeated, variations o
v@aﬁtﬂbyswukhagax&adVBe Buppnebs agssinaily aéven HﬂﬂIMh@ﬂEﬁ of
state of charge is changed. On the ot her hand,

in
S%@rheﬁndbaﬁhﬁer%ef‘! orcaéﬁ‘éﬁsé’l e CaREN bifn MERLIFECY effectively.
Y r| i 0 0l QQEEE T ;
Eé hllgrkcqh rogen at};%a%%@/:& a?‘%l%r\lf/@lttabé of the
méaﬁalcl «L—éauéantcbebét ivhi, Zaghetf f BCt HY¥eliysedMaRNVIRRE, thd€voltage
variation allowable range of feeder Iline voltage is
vaniadipas gel thf ramgmtd\fpl UsE mannbﬁusseﬁowbsf imhe paRigwakange of

t t |t 750 V 0.\V).. W .
aggga@r" % r&e?%c?qé% WS Gl ke 8&%&@ iefectively.
f 1ne
HQP?%P nt of g Ve n\%lgaelh CHAU0I NI Gefined as

energy o e entire battery
£b31dwshi @eﬂ/vtxo tdve/vangeveyd cated by SCC
characteristic in relation to vari ations of feeder
| i ne vol t §gesideTiag f5om ¢ Hee eVth@@BWOM%Qﬁ nvarations,

R EEY o0 et AR R ' e Bhitpld) VAEn"B980c 1s
40 to 60 percent), by comnecting the nickel hydrogen_ battery 8
directly to the feeder line 5 as shown in Fig. 1, when charging and
discharging of the nickel hydrogen battery 8 are repeated,
variations of the battery voltage can be suppressed small even if
the state of charge is changed. On the other hand, in other
batteries (for example, lithium ion battery), variations of battery
voltage become large. That is, in the nickel hydrogen battery, the
battery capacity can be utilized effectively.

Mearnwhile, the variation allowable range of feeder line
voltage is in a range of about plus or minus 20% of the nominal
target voltage (for example, 750 V or 1500 V).

When the battery is directly coupled to the feeder line,
the range capable of charging and discharging within the amount of
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5 relation to variations of feeder line voltage. In
t he nickel hydrogen battery, since the majority of
SOC characteristic can be covered in the variation
al |l omabl e range of feeder |ine voltage, the capacity
within the battery can be utd3dized effectively. 10 As
conpared with the nickel hydrogen battery, in other
secondary batteries, the slope of voltage changes to
SOC is large, and the effective battery capacity is
epenct ofelle sertlire habterramgté dﬂmt'eﬂsﬁolxp rt;hasr@mgemlmdscated by
| owed in.the eder n o
Sé‘?ﬁg\al%%ttetréﬂ”e% 1Ph%.i‘ﬁI nn?% k‘@r A Er §7mes ME%“age
TR | gad I Séf”c‘%Q?cb%\L&r YwBAd o 1l LBQ"‘!:QPy batt ery BFL1ized
used by directly coupling to the feeder I1ne, as
ettmqrarvely vrilly time thec kahgdydnégeined bait SO@Z chagiceatigtic in
nunber of batteries and a vast area for installation
reReResd a?{flat&ﬁaswfe fegesy |1t1§led(5%3tt39§ hi gher. Fig. 4

oo 5510, AR AR D Aok S miercs o

s@@r@wxagtéﬂ@tmé ckl phydiegan hatther var{Habni 8114881e range
substation 9a and the nickel hydrogen battery 8 are

Of,oﬁﬁe@aredlm parigbgel tiee t frpaslisyt mithirehtlyd ebattieghcan be
the | pad. K Su 03|ng t he send-out voltage of the

u’f'Jelét?@Fl thietie 25 VI, the ternminal voltage of the

ni ckel hy t 0 $£§ nt.a; :
resistancgéo #ﬁg§%|§ﬁ¥1aﬁkhfgg§%?5§§ eﬁS :éﬂﬁg’Féf other
safshdabe bamedance wk theps Wistwalltafe Qﬂuahgeiaetd?soct he large,

current 12 flowing in the nickel hydro%en battery 8
ang téwepeblectdve rPathery faPrReWN G Sf setaliaelBeM@4l irp a=range of

/| R2.Th I
03 ST BIEn a0t T e e e Bt B3P, SR HEG PR,
ieusfet hhows eish chhe phekeloked ﬂy&r@gﬁnw@é&x@r Y s8ch 3 1ead

the larger is the electric quantity  capable
storage battery and lithium ion battery are used by directly

coupling to the feeder line, as compared with the nickel hydrogen
battery, a greater mumber of batteries and a vast area Ifor
installation is necessary, and the facility cost is higher.

Fig. 4 1is an extracted diagram showing the nickel
hydrogen battery 8 and a substation portion Sa removing the nickel
hydrogen battery.  That 1s, the substation 9a and the nickel
hydrogen battery 8 are commected in parallel to the electric vehicle
which is the load.

Supposing the send-out voltage of the feeder line to be
V1, the terminal voltage of the nickel hydrogen battery 8 to be V2,
the internal resistance of the nickel hydrogen battery 8 o be R2,
and the impedance of the substation %a to be R1l, the current I2
flowing in the nickel hydrogen battery 8 1is expressed in the
following formula.
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of charging and di schargi ng. For exanple, in the case
of nom nal target voltage of feeder |ine of 750 V,
the battery nodul e conposed of 30 unit batteries
connected in series is connected in series by 20
pi eces, 10 and one unit is c@Aposed, and one unit is
750 V and 200 Ah, and the internal resistance is 160
to 240 rr . Wien two units are connected in paralle
to conpose t he ni ckel hydrogen battery 8, the interna
I3 esi($k an¥e) i5R80 to 120 nt', and when four units are
connected in parallel to conpose t he ni ckel hydrogen
battery 8, the internal 15 resistance is 40 to 60 rm
and ther ey bRe-di clpl ddiegenndal hhna8 rebistaspBl bf the
internal resistance is conposed. On the other hand, as
nixtehahedragenh deheery ckel they dnage ncudyant e £youd; Jtthethe nickel
internal resistance of |ead storage battery of th

hERREeR AFAERYY § s 2RBotRe FETBRReSS df et ﬁ%e"rﬁréﬁeﬁuﬁ{ﬁ‘?&%g%ﬁi’able
y. 8 . i nternal resistance of the
of?%%?%%ﬁi%ﬁg%%%?er of the same capacity is about 2

times of pdie ddaeiksbd, hitdrogercdsat ber yoBinalAceeset ngdlrage of
the regenerative current by the electric vehicle is

feemiegerling tdfe TROCKEl hyelr b@éﬁ‘oﬁlb/at TefyeaSEDRRRE eef WP hunit
the | ead storg .batger¥ or_ t he |t€%I&|um|oneba}3H %% {eces
bATETIET £FOFCESE By SEETTY FuatPey s *eharued Preces,
accg]@d@{ﬂ: hat Eﬁgﬁbseéi%%daens'&%f ke yehhehBd 200 an, and the

erates, 'oad current for acceleration of
igde@ekl i zﬁés\ieharﬂdee ilss16harcedsdependivihgn otwd laits atrieo cafinected
the i edance of the substation 9a and the interna

in epfrel deve D fCOTReSS déen @afke b d0EEPgEn dRdtaehce ithet keternal

internal 30 resistapce,of the secaondar ttery -
o O i %amﬁwe elgrect T cﬁguantl Z@e%accu?m b%d an th‘%n cted in

p2ependaty baibedey &@nmtck@ whitdgeed utbigi ent ke iAfernal
a substation of 2500 kVVcIassy t he |npedaﬁ§e I's about

r&iBtafge drd40 con$ide®i rgdt Heerchy errnirksi diydnegenobattery 8
0.05 0 of the nlckel hydrogen battery, the
of adTaHarlPRETH. FREALEHSE S GABPSENd t he ni ckel 5

BZ‘?[ g?;n %‘;ﬁ:t&?ﬁr %tﬁei’ Sha@'ﬁgugs c&rpa&gdtvl@ﬁ:h %ﬁg ﬂc@{eﬁgﬁydrogen
battery 8’ the intermal resistance of lead storage battery of the
same capacity is about 10 times of the nickel hydrogen battery 8,
and the intermal resistance of the lithium ion battery of the same
capacity is about 2 times of the nickel hydrogen battery 8.

Accordingly, the regenerative current by the electric
vehicle is larger in the nickel hydrogen battery as compared with
the lead storage battery or the lithium ion battery, and a larger
electric quantity is charged in the secondary battery.

When an electric vehicle accelerates, the load current
for acceleration of electric vehicle is shared depending on the
ratio of the impedance of the substation 9%a and the internal
resistance of the secondary battery, and hence 1if the intermal

resistance of the secondary battery is high, the electric quantity
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the other hand, since the internal resistance is about

0.5 Q the Iload-sharing is about 50:1, and as

conpared with the nickel hydrogen battery, the |ead

storage battery cannot utilize sufficiently the

el ectric quantity accunul ate®s n the battery. This is

the sane in 10 other secondary batteries. than the

| ead storage battery. Accordingly, the nickel hydrogen

battery 8 is smaller in internal resistance as
aconpaseet wint hhetdeerndasyohdisrvbaanert bs wiiligadesufficiently.

c%ggﬁkty,,and {Qﬁ&gfgre a nore current flows, and the .
Bel B SUPPEAtiqliaft 140 cHb ABRE° of ehAFRFIGCaN @Psehar-gify and

[ Se:ls wnkn i - case e 0 X
o e e e s b i
bafted®l | schar elcaneRatied iof pahal [Rbstatieon nd emndl the nickel

resi stance can be | owered, but a wider area is needed
hy@rogennbatiigrat Boas apritt Belequitpnelef lsost skerageghattery, on

Thus, f he_.vi ewpoi nt_of _vol hange to SOC
B0 F7 6 CRAY| el PEC o1 PR naTorBeTet A eooRE T o the

1684- BRAAd Q8! abur 8bIeNMBhates copphied Bech a3l 81QLA98 arogen
battery or the lithiumion battery directly to the

bigedy; Iheeledbcstivgega hateepdoasnotuniieiiod swiibseranlg the
a wder installation_area are needed, and the '

e RATPAeMATILEGY T AFRTHIdIRSY I Eheobaiferrone Rigc s the same in

oLIEODL B £NG0, oo, PLIGE3650NGBLY BRLLPELES ) 1 1S
arge-dr'sc

orced To use an expensive C arge cadritro

devi ce, thedtorddSngR,,be8SthitGedNHyStcREn dRWMEeNOPPRY shifller in
controlling the charge voltage in order to utilize a
intgrmabateerstargpass t 9or80eqd. widnoridieratseomdaayt batteries of

results 26 1In tg§ first preferred enbodi nent, a : _
SPTORERT HtY 0 AT e SHETRES S G BHEE edIGHRTE hel ¥ectyd dhe electric

2101 ARIRL ST L Mty 2 D! s,

thdovdsd o sd SAotagsbBDathein bhi sitlemmnsbhabhotertyeStvhen a
at a certain substation for electric railway in a

™Rl GipAkcifackE diosiif cBrPn Fapasted hénnirekellel, the internal

resistance can be lowered, but a wider area is needed for

installation, and the equipment cost is higher.

Thus, from the viewpoint of voltage change to SOC, or
from the viewpoint of intermal resistance, it is not practical to
attempt to couple the lead storage battery or the lithium ion
battery directly to the feeder line, because a tremendous number of
cells and a wider installation area are needed, and the egquipment
cost is higher.

To overcome such inconvenience, in other secondary
batteries, it is forcéd to use an expensive charge-discharge control
device, that is, a boosting and step-down chopper for controlling

the charge voltage in order to utilize a more battery capacity.

3. Demonstration test results
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hydrogen battery 8 was directly coupled to the feeder

line S. In this denonstration test, the voltage
specifications of the rectifying device 4 is 750 V,

and the specification of the nickel 10 hydrogen

battery 8 is 750 V and 800 ARé The rectifying device 4

and the nickel hydrogen battery 8 are connected to

the feeder lines connected to electric car lines for
up-vehi cl e and down-vehicle. Herein, the nickel

hydr ogen Bat tle yfigst sprefimpesddemifaiimeans alempystration test
connecC%JI four %%s 8A to 8D of 750 V and 200 Ah in

Ypar &t < 95 t§)f?o SFYFIE GRS ERIET YyuRY$ETg Rrovided

w'ieh SIQLélélC‘ﬁg@ﬂ%%ﬂ Bgt V batﬁ‘?er Yel ﬁ%l&i 'ggs r¥s@% are

00 Ah connected in series. Each attery nodule is
sﬁ@ﬁpdSﬁdl@y epnirecsbing 30 unit batteries in series.
Herein, the battery nodule is a third structural
ex anpl e shABwAhish dem@@%trarzom otat, Bhtaot¢idRint pueataragn for

be. used 2 5A..S t he
? a’?rlé:ntra\% ‘?{"—i‘ aglr) VTS er| S k Aa‘lsg e nl“J{:aFPaP the nickel
e RGe Babad by w§sf M@cl'@%o@o@eél tQOtH@ theedayif 5. 1
denonstration test. Fig. 5B shows the |-
tohar ad¢nenisstatcionf tast, nitdieel wwdagagerspbatfma}uéniromﬁ the
11: 00 to 12:00 on the day of _denonstration test. Fig.
TEECERGRE PREE- ¥ dfiar3t Br i ZG EU6f SPRRMBSARIRK &L the Tnickel

IR AR TS P800, 1300 O Bt «

tebBanagker | 1gtdregad E)d.'lﬂ;erpl ekelrehydhagardabaldt e &GebBOM lines
13:00 to 14:00 on the day of denonstration test.

cralem@tnzd é;on@g}acttzszie: c:@rrrelrmesalfae npavehichar ghwgdowranvghicle.

0Si ti ve v dISC 30 In Figs. 5A to 5D
HERRT . R R AL MAR R S
cbfecrand EJS\S: 2es é;{e)tot o By 35 PRBIOYLHBLE! 1 paTaliel as
.051 +7775. As nomn fromthe denonstration tes
shbmeslx( eyid.o 2.( h)Bachhen¥ abf atintits ofa bat tegr Vi sv alcinpge=d of 20
about 1 V, and the internal 5 resi stance i s about

bgtesyQmophéeacthial” -Gat'a BBt Z0Nedhf cormeFted in series.  Each
b%@?é’?ys%guieorist gc%polsgd by comnecting 30 unit batteries in series.

Herein, the battery module is a third structural example shown in
Figs. 12 to 14, but other structural examples may be used.

Fig. 5A shows the I-V (current-voltage) characteristic
of the nickel hydrogen battery 8 from 10:00 to 11:00 on the day of
demonstration test. Fig. 5B shows the I-V characteristic of the
nickel hydrogen battery 8 £from 11:00 to 12:00 on the day of
demonstration test. Fig. 5C shows the I-V characteristic of the
nickel hydrogen battery 8 from 12:00 to 13:00 on the day of
demonstration test. Fig. 5D shows the I-V characteristic of the
nickel hydrogen battery 8 from 13:00 to 14:00 on the day of
demonstration test. Herein, a negative current value means charging,
and a positive value is discharging.

In Figs. 5A to 5D, the I-V characteristic is shown in
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i ndi cated by black spots in Figs. S5Ato SD. These

bl ack spots show that charging and di scharging are
repeated nmany tines. Thus, when charging and

di scharging are repeated, the SOC varies, but the 10

vol tage variation can be suppgriessed on the whol e as

shown in curve (a) in Fig. 3, since the nickel

hydrogen battery is stable in voltage characteristic

in a wde range S of SOC, and is snmall in internal
lires deante. Mror 2k dis d1nGhetf)t ke ((Radist gPagacimately V = -
ob§5tlt grz,, instead of 15 the nickel hydrogen battery 8,
psdir cﬁ'ly coupled to the feeder |ine, since the

| ead st or ggechaht ei¥mi shi aBGRodRrAHES Akt ! e8h ST ARGE, (&) to
the |-V characteristic becones, for exanple, as shown
(by, ¢haivedibhion kif battdery. valaddhen dbdoet SOV, snd ittehénternal
vari ed, the voltage also changes largely as indicated
B EarvR 1Eb3UT B P B, and the 1-V 20 characteristic
varies fr [,09 1 | X I Ln.li :
k2. Even ?Iggt e%t%%tﬁall&b%%?%dt‘ g%gg ?ggﬁ Cgaeno O\A/e?é%iﬁggeSt s
16@TH3R 64 | Y bRacldrgats numtEigsof sA ead sst or agesebBli@y ispsts show
in parallel, the |-V characteristic varies due to
thatr i dereinofangOdi sghapghtd ored rebesdted migr eingse, Thes, when

ead storage . battery is not suited tq be used as a . 2S
RIS AP RAP ORI care) repre s o 4 hTeaeS, DT che
vaﬂ%r %msita%n_v@@p Heh @ 5Xeddabl 85, ch@Siondi £at @Ry in curve
curve (c) 1n Fig. 3, the voltage varies

(8) gahf iFegnt By. sThes etlos eniciai | lardrpgeh heattidryi um i syable in
battery is not suited to be used as charge-discharge .
VekiAdee chyraftestttif deud ivRget 5anB0 S Hef ﬁ@%deﬁnqii he.spgl in
ié‘ts?rgf—;ﬁ“ oned_above, since the nickel hydrogen battery

. QWSilﬁ Fiter nal resi stance and small in voltage
vari at i onpgtlesstgp1 SOGNET itdkl 9Badi bt&RABebBaEidr@Ct bstead of
coupled to the feeder line 5, and wused as a

thdangekedi dptarage devies, 8.n iheldipeetby resldaiodo nent |, feeder
the 5 battery_ capacity is set sqg as to be usable in a
Ling Isipghdeeotead SLPRAE PaFT of HRITS AR SEESTER Fesontance,

tﬂlé Of-\P’é%QPalc%er{é‘ﬁ%ebéc&Eéﬁ Gor example, as shown by chain line
k1l in Fig. 5A. When the SOC is further varied, the voltage also
changes largely as indicated by curve (b) in Fig. 3, and the I-V
characteristic varies from chain line k1 to, for example, chain line

k2. Even if the internal resistance can be lowered by cormecting a

‘great number of lead storage batteries in parallel, the I-V

characteristic varies due to variation of SOC as mentioned above.
Therefore, the lead storage battery is not suited to be used as a
charge-discharge device.

In the case of lithium battery, too, when the SOC varies,
as indicated by curve (c) in Fig. 3, the voltage varies
gsignificantly. Therefore, similarly,_ the lithium ion battery is not
suited to be used as charge-discharge device by directly coupling to

the feeder line.
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3). Inthe lead storage battery or lithiumion

battery, when the capacity is increased extrenely so

as to be coupled directly to 10 the feeder line, a

very vast area is needed for installation, and the

cost is very increased, thus2st is not suited to

practical use. The nickel hydrogen battery 8 is snal

ininternal resistance, and is also small in voltage

variation due to SOC variation. Therefore, when the

el ect ri ¢ Aehiepkeonsst elbevait esirard the 1B5idkel gbydmgernbattery 8
.heeded instant]y and the nickel hydrogen battery. .
15 aR G ST b PR S v O Eaghs S eSe e T iggion due to

n .~ Wh he.ebect ki eke n

Sﬁggééﬁ%%f?én?@igﬁbgﬁerate5i§i%s é%?l?gg%% ?ﬁ%&%ﬁ%é@?sﬂ and
wdsaleegeHaatd elipschhndegesyiel evahi te iefalcdagebrnette, the

suppressed. In this manner, the electric railway 20
bRy - SEIPRSIIFY S St &RFprevR8edowiteh ushblei tked Byalrlogemge of

ttery i.s,.capabl tabili.zing the feeder_line, . ,

voBrra g kel B, i e et B P e d B Ret® Ti9-
sdenmonstration test described above. 4. Structura

exanpl es of battery nodule 25 Hereinafter, this is to

expl ai n sIm utkeuiekd estanpie bagterpairt éighivpdibe Yagtery, when

conposi ng the nickel hydrogen battery 8 used in, t

he
the CSPAPY et &Fr SR8 FEFETSPh ST 6F1 B li’?g COHPIRG (Rapctly to

exannl f. the t | ¢ il :
t%ep?ﬁgl%ggét %%ﬂegn i\}c% I %%ty r %é en” gg%?cge%ysf’gg] %L %eéa}ilatlon’ and
t9d @6kt 11 Kalh) WalrBAuRY,- SHBPLY Sy HRMsilted 80 peeeiehl use.

preferred enbodi nent of the invention to be descri bed

| at er. 29Thel, wighelst hginogen ukaktexanpl esFi gralgA irs anternal

out line sectjonal struct al.diaggan1of the.batéery
TROFERES n 7 r 805t PlRYur 3 &RaTI%, VAT £y, I8 Fe 5C
. B.pers ' [ how t ; e tt
R ot L e R S S o
1atjeC rustentinid ndadiet et hesndly cand ettee chiicRe S elfyd@®gef Obattery
exanpl e, as shown in Fig. 6A. Each unit battery 41
digEhaiges.i rePnedi H0ECa8sr LS niderEisseal ypleopiementrary, when

the electric vehicle regenerates and a large current is generated'

instantly and the nickel hydrogen battery charges, elevation of
voltage can be suppressed. In this manner, the electric railway
power-supply system provided with the nickel hydrogen battery is
capable of stabilizing the feeder line voltage. These aanntages

could be confirmed by the demonstration test described above.

4. Structural examples of battery module

Hereinafter, this is to explain structural examples of
battery module for composing the nickel hydrogen battery 8 used in
the first preferred embodiment. The following structural examples
of the battery module may be similarly applied to the nickel
hydrogen battery of the electric railway power-supply system in a

second preferred embodiment of the invention to be described later.
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fi ber nonwoven cl oth capabl e of perneating ions but

not perneating 10 el ectrons, and has a positive

el ectrode cell 43 and a negative electrode cell 44

partitioned by a hydrophobi c separator 42 not

processed by hydrophilic treaPnent. The left end wal

of the positive electrode cell 43 of the unit battery

41 at the left end functions as a positive el ectrode

current collector 45, and the 15 right end wall of the

negative electrode cell 44 of the unit battery 41 at
4HheF££ hgtenq:f ctionf as a negative el ectrode

curren col T ector P The right side wall of the

negative glpectgnode Gl loddindf sdhecHm t shltary 4diRbam of
left side wall of the positive

the left end, and the [
tlel betrademodile 48 e tthesturdtrubattadr pxatdlat 4wk FigghdB is a

20 end are conposed of current coll ector nenbers 47
PILFREET 0% MELaISEEVEY adPdPhgthimpste 88d%&-ween f our

unit battgrie Lt 1-Qn ] t I e, .rent.

col | ect orrﬂ{r%esnggégser%t% unl%t iggnlll]%g aa%%ﬁf?%%nhn ci”511\/\/]!'}{:&%]'X vt
beaftertés pas ednnedted, i rmibde Y exBadlleer ¥s 4dhadh Lherig. 6a.

left end to the unit battery 41 at the right end, the
Edsdt et dsthew ddnhreticd 2E-drmegertiepaby made of ndigpropylene
gQUrrent colleﬁtga nenbséslg7. The positive electrode

| "G PR hegREPve ¥ SEEFOUe He PR 424 &9F PRERFating

ek Bond KM agueoys SOl L On1@8e AxeOHRA §he d0|a%’Lxgegative

solution. N ckel hydroxide powder Ais mxed In
eléCrradgpiectld sol updantidnddhesy pashydmghebaet s@seacet | 42 not

43, and hydrogen occlusion alloy powder B is 30 m xed
PRaseErRd KPH 5&{8{@@1%% GYEIAEBE - t heThreghtftvecd ev@dtlodef the

cell 44 . 3 he teri f the _current | | ector
porTc’éLt er selr?ﬁgr?%%lcl? e %rg cgkel&neetué}ltpﬁﬁ%?ry nlﬁgng i agieft end

f&%kﬁ@n@%@oﬁ @b@lt@bven!élgﬁjcrodél ahggdehf OBe1 kS| 4Bl abgd the
stainless steel, or nickel plated carbon, and any

righteendratéli af tmeyndmtiseklastiade aellt44 ofngte unit battery
corroded or 5 degenerated in an al kaline electrolyte

5Pt TR, TAALE | 85 oAU MBedfeabl BSTRIHISC GHEGEYIPe CuxTent
oSBAEL S8 Vol e Wiiocc 1, DRgALLC Pk 808 o
ofMdre ydf Ogete@@ClUSHtORhe left end, and the left side wall of
the positive electrode cell 43 of the unit battery 41 at the right
end are composed of current collector members 47 functioning also as
dividing walls. Also between four unit batteries 41 positioned in
the middle, current collector members 47 functioning as dividing
walls are disposed. Thus, from the unit battery 41 at the left end
to the unit battery 41 at the right end, the batteries are connected
in series by way of the current collector members 47. The positive
electrode cell 43 and the negative electrode cell 44 are filled with
a KOH aquecus solution as a common electrolyte solution.  Nickel
hydroxide powder A is mixed in the KOH aqueocus solution of the
positive electrode cell 43, and hydrogen occlusion alloy powder B is

mixed in the KOH aqueous solution of the negative electrode cell 44.
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all oy powder B as powder active material of negative

el ectrode, and 10 the positive electrode cell 43 is

filled with an electrolyte solution nmixed with nicke

hydr oxi de powder A as powder active material of

positive electrode. At this tB3ione, since the separator

42 is hydrophobic, when the negative el ectrode cell 44

and the positive electrode cell 43 are filled with an
electrolyte solution, 15 the inside of the battery is
evacuatedT%Qonﬁﬁerﬁﬁkrﬁéltﬁﬁ%s§U¥@ﬂ%ﬁ cablegtor 00®mPgrs Ay

R Sl S SLECTLOLYLE SOl on o PSS, D
pi&f‘ed B?&‘?t 'nl(@k@l %%Eé&’%t@i‘ﬂlégée sE’Qél I tioyenflieat ?Pé’_éd' €arbon,

for exanpl e, 0 conbi nation of hydrogen occl usi on
ard | afyaodhert mieebriaadmayl He.udwd exafg easofitt he tytdrcogesded or
occlusion alloy is LaO3 (Ce, Nd)0.15 ZrO 05 N 3.8
deFFoegamd. 5T &S %1K§léﬂéc?¥%ﬂ§ﬁpé | SRYUSACRf of xEpiE non-

m_aggge %gr(l)&ugtu@e elg@%{%gggous solution, or Li Q—I

aqueous solution The separator 42 is

nmade of_aAQy@rca@&pbaso«gat efhadl nBQitivBl QCIRSSLEHDY cell 44 is
hydrophilic treatnment. Since the separator 42 is

fallely svitibedni rlectgohvid | rlucont avtxialy withh ha@rcm‘elnalotqblsion

electrolg sol utjon, and the h%Sd hobi ¢ nate 0
b PO % Fe Bk RGE 0 e 6B R Jebeoctrots, and

e i e e,

spnliehemiiad f Iwbeﬂi m@{ﬁlynlimmbbuwl f)(bxdcﬁxf iDeks powder active
pol yfl uoroethyl ene fiber, and polyanm de fiber are
masesipl enf PeRiEhERi ClEctreds st afcdhianginey space the separator

refera sed as the separat.or 4 Fraomt e
5] Bor o A B Wk R ELETHIEe drc e = the
pHoouen; abbhe . caar a3l ase. flflhé& \ﬂt@l‘ gﬁdei&t&&bme %eﬂutlon,
other textile sheets tray be forned. Anmong them the

tVvisideadt | theamdttde, nﬂnmaemtfedbr(t@ &t eirftegiell bressure of
tensile strength, and _excellent in shaEe stablllt

R 889 StRRE 15 eBRAJBSdBIFGIgOLYte solution is pushied in by

force.

The combination of powder active materials of the
negative electrode and the positive electrode is, for example, a
combination of hydrogen occlusion ally and nickel hydroxide. An
example of the hydrogen occlusion alloy is 1a0.3 (Ce, Nd)0.15 Zr0.05
Ni3.8 Co0.8 Al0.5.

As the electrolyte solution, for example, KOH agueous
solution, NaCH agueous solution, or LiOH aqueous solution may be
used.

The separator 42 is made of a hydrophobic material not
processed by hydrophilic treatment. Since the separator 42 is
always used in a condition contacting with an alkaline electrolyte
solution, and the hydrophobic material to be used in the separator

42 is desired to be excellent in chemical resistance. For example,



battery assenbling process, and are hence preferable.

The woven 10 fabric nmay be forned by plain weaving,

satin weaving, or twill weaving. The nonwoven fabric

may be obtained by. using a fiber web forned by, for
exanpl e, card nethod, air-Ilay3zethod, spun-bond

nmet hod, or nelt-bl ow nethod, and bondi ng by needl e

punch or water stream heat treatnment of fiber web

contai ning heat-fusible fiber, 15 fusing nethod by
phepdthyiesd méiberandoqiyessplienengipeocesshewr pohiefimgLiber,

met hod of fiber web by using an adhesive agent. The ,
PRoYRIFYE aBrtElden o ibRE nBﬁW?géﬁrP%Ml@n%§%%o e polyamide

ff' : :%T?adrsetb yex%%g%ﬂtn%ﬁdh %%T%@léa;ih tl%% iQ &ry a%%?“%}r? 0% ggrl%%erably

ruc exa owm Thn Fg.

uB¥dr 8¢ e Yddoadatord & NackedmMthBsOXyaRRsgasor 28ble, woven
hi gh pressure, oxygen gas can be supplied into the

fpbsid,i mitlfebriodacowebverd Iabnit t ermelgaei velag] ptartedefabric,

cell 44 of each unit battery 41 by a pressur

SRR VAt eI S JNa b= o fOM Pt o S5 TRE: | e woven
Yo of e 5 0 [ a '

Y, B B dh e AT P et Y e, o

chearicht paiss agedee agtiang 1 25/t oasd X rpaisithhv e tel entepRae: during
cells 43, and valves 52a, 52b, 52c, 52d, 52e, and 52f
baEeRtvd eFsEoEiash thranpeh Fassaye |heage ngreferabie. The woven

negative .electrode.cells .44, oxygen s_can_be :
BERE B 1 DETTRr0ant | Do R Ve riPe F3vaRy oF bl
wagGald . Ve et egdheden CaIHS cAay Ue IdBtROSEd yeus AL El FRHSr web
cells 43 only or in negative electrode cells 44 only,
foom3D bhat fohe esayolen gesrdantetZmode X @ésslay dneged, gapun-bond

remaining in the 32 negative electrode cells 44 can
M5ENPG o e AR ICHNTE iR PRATEIE. PYTREEAS PURE OF water

sPEdr | red? hﬁf'ééoém%ﬁg LP bgor%gn%gét Eé’r&’ta%fﬁiirrge%%i-%‘iiti'ﬁze4§iber,

react’'s an excess hy gen gas reénm

Mg | veth®l eglr agaitCettsatrfdnt anshd SpeRveited | ptdress, or
wat er, and the oxygen gas 5 supplied in the positive
aghecindotetiz®l Io§ A8gragsbsoy sdoghen rehesefsargent. 4Zhe woven

and reacts with an excess hydrqge remai ni n
£ e T "R OBEoOE! T Ao PSRV L PR
\k/)\gt teze.r yl N thhenoodut &.9f laRsedot VPR NECKR! RYJFQE8R example

shown in Fig. 6A, from a hydrogen cylinder 48 packed with oxygen gas
at high pressure, oxygen gas can be supplied into the positive
electrode cell 43 and the negative electrode cell 44 of each unit
battery 41 by a pressure regulating valve 49, by way of a route 50.
That is, by way of the route 50, by opening and closing valves 5la,
51b, 5lc, 51d, 5le, and 51f provided in each branch passage leading
to six positive electrode cells 43, and valves 52a, 52b, 52c, 524,
52e, and 52f provided in each branch passage leading to six negative
electrode. cells 44, oxygen gas can be supplied in both positive
electrode ce.lls 43 and negative electrode cells 44, or in positive
electrode cells 43 only or in negative electrode cells 44 only, so

that the oxygen gas and an excess hydrogen gas remaining in the
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havi ng the configuration as shown in Fig. 6A, fromthe

hydrogen 10 cylinder 48 packed with oxygen gas at

hi gh pressure (20 kg/cnR), oxygen gas at 2 kg/cn2 was

supplied through the pressure regulating valve 49

into both positive electrode3eells 43 and negative

el ectrode cells 44 of six unit batteries 41, and an

experiment was conducted to evaluate the suppressing

effect of elevation of 15 internal pressure in the
neggave veleekeods ceélsedd saddye ardctdre andperaeirbed iisto water.

expl.ained below. In the experinent, the pos

Tttedfr obfe® FYPERtIRS SIPREEEr B IeERE e § {ac!;t(\ﬁ.%de cells 44
t | 46 . t.ed e
Sl &etrode CHLT gg%?gﬁh :ﬁf%na gdlf" BenfiORRECLE &&gﬂ%atm

i ncandescen oad not shown in

caWHRg, calng kd, el houforRbleed sirabt wiigerdi andatt@ Bgygen gas
the internal pressure of each negative el ectrode cel
suppldedt Hae sibe upistitiveat ekedtersdd ] cpats ek dRresRs otirough the

MPa. Herein, the volume of _the bl an ortion not . . .
SSoRREE R 1 GrRatt oo Bo P e i Yl Fereining in

£kl %559% ceblAdeWas 1Q. 9012, B: o 23nbbrddd $ntd NBrer.
oxygen gas at 2 kg/cnR was supplied from the oxygen

cylinder 48 ithéombétle poSidliasedeltgper adekale| ihgirdgeranidattery
negati ve electrode cells 44 of six unit_batteries 41

hayinga e ARE1gEREASHr @S r SRat FhoF gl VA& 4080 §he naydrogen

hour. | ater, the. internal r ur.e ,of atj.v 2
Frberodl TartSadnst Cheeh S e Al ey
okfyRr edst o O kdyB# wd3 sipanwhi Ligsoubat £88 Yoressure regulating
nmanuf acturers generally face problens of solving the
vhbat @eneirdi opowaupestitiye bagtestyodeacelbh. 4Bn and negative
articular, in a battery of closed structure, the .
ShPHBIPER B ife 4t ChePret é%ianb‘?tste\?é?? Ser iaé’és?na‘???eﬁment was
cl tructu i > des] t Qeh -
BRIERY, Ko CEPERGS LR bl Reapnd TREEE B0 W Beon of

i6ydiradr iiRlsstied t eny the s@uateve baléarpdesicates t he, and the
outside of the battery case is cooled, it is
ogeratiion| is egpexiect balddesi red cooling effect if the

ni ckel hyqtltlogte_lge experiment, the positive electrode current
collector 45 and the negative electrode current collector 46 were
conmnected to an incandescent lamp, which is a load not shown in the
drawing, and in one hour after starting discharging, the intermal
pressure of each negative electrode cell 44 of the six unit
batteries 41 was elevated to 1 MPa. Herein, the volume of the blank
portion not containing the electrolyte solution in each negative
electrode cell 44 was 0.0012 m’.

At this time, oxygen gas at 2 kg/cn® was supplied from
the oxygen cylinder 48 into both positive electrode cells 43 and
negative electrode cells 44 of six unit batteries 41 by way of the
pressure regulating valve 48, and one hour later, the intermal

pressure of  each negative electrode cell 44 of the six unit

batteries 41 was lowered to 0.1 MPa.
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battery is built in a structure of cylindrical battery

or square 10 battery. More specifically, in either

cylindrical battery or square battery, it is designed

to transfer heat in a direction at right angle to the

direction of arrangenent of s¥parator and active

material, f or exanple, in a direction of radius, in a

case of a <circular columar battery, and in other

words, it is designed to 15 transfer heat to outside

by way of Meammadee doddpay atansaghdreast gereraday efaed problems

Fig. . 7.is a diagram show ng an exanple of a ,

oy [SORUFTIE aFe piatate r%ﬁneﬁgtjé%omﬁ:ﬁ‘isﬁdiiihy. BAtterpokfaqeen: 1o
C e activ rial e [ I

SR IRET B AT U o R M R o e

gaReraatichOAsPoEARabh@oaepasiad 04 B Rfe Sequesdddldtyucture is
stacked wup, and taken up spirally, and a cylindrical
deatrest yoi kavsoappsmdr hday thnsieyl stchctuxe. battery, a

case 64 is_a npegative electrode - termnal, d _a ca

65 is ap it&} SIECEP o erﬁﬂ.lﬁr}g; bg‘%{;‘sryaorp square
bgl't@%ﬁ,ms%ﬁew P 20uEXABPLE @heapafiake DAkt QLY cobfed, it 1
sho in Fig. 2% 8, a positivg el ectrode activg ' =
darfsrnilal tehegiecila dasired EeErliegbtEfecsepr@dteonid@@l dydrogen
negative el ectrode active sheet 73, and an ion

bpEEsiEAbl® BERhr AhoR TRV Se@le AL HILCRT JeREE HpOr Square

a a square . i S .CO AN i

By MERE mRR R TR e I R ABES or sauare
phetdinalic and pihelegend Wehhsfd iead ABJAt BYLect3ln at right
el ectrode termnal. Side walls 76 and 77 are

ang3ell aborthe 3direrhidrheolt ruttngsseshowd i sepBirgtor7, amd active

i s necessary to transfer heat in a direction at right
TBRGT (1 dF AR St PBnf (BTSFHEIFedBfibE of B @ case of a

age (n.&(]__ i i t separ F S
c?c%lg’“r cunfrEngient [ a?%:trgg}(’:'t [ on; ﬂLuotﬁﬂlgt? ?’g?%qu fll%C &%t %te%%nvd =
raghseae Haaat te ondisesd sy fayobabl smiraredobepitht b @nd active
| ayers of stacked materials, and to the contrary,
mehesilsayers seemto play a role of a heat insulating

mat eri al . El.n p?rticul ar fib%(r?s.of | ow heat
of 1o

Conduct | VIS of ForbGRrEb BN & Seiee Oft AcRéindrical

HéEtéfyi As shown in Fig. 7, a positive electrode active material
sheet 61, an ion permeable separator 62, a negative electrode active
sheet 63, and an ion permeable separator 62 are sequentially stacked
up, and taken uwp spirally, and a cylindrical battery is composed.
In this cylindrical battery, a case 64 is a negative electrode
terminal, and a cap 65 1s a positive electrode terminal. Fig. 8 is
a diagram showing an example of a square battery. As shown in Fig.
8, a positive electrode active material sheet 71, an ion permeable
separator 72, a negative electrode active sheet 73, and an ion
permeable separator 72 are sequentially stacked up, and a square

battery is composed. In this square battery, one end wall 74 is a

‘positive electrode terminal, and other end wall 75 is a negative

electrode terminal. Side walls 76 and 77 are insulators.



10

15

20

30

separator, and the heat conductivity is particularly

| owered. 10 Simlarly, in the structure shown in Fig.

8, it is necessary to transfer heat in a direction at
right angle to the direction of arrangenent of active
materi al sheets and separat oB$ (horizontal

direction), but it is difficult to achi eve heat

conduction favorably through multiple |layers of

stacked materials, and to the contrary, 15 these

| ayers selm the FItayCEI| 19N dnhddg- | Asulht FAgnecessary to
material . What _is.nore, as _the battery size, increases,
= RETRbabeay rionar S araier Ar dagBe TR (e Fonon) to
thd (Br3deRPVens of sthggeh@pacidey, sand,d hgaheatait r apsd®r ana
di stance beconmes longer. As a result, in the battery
saleyanors KegrocufarshtEeal). Brerctiddie aultsi de dbk 2@ififheult to
case is cooled, the inside of the battery is not

agysvedneas sonEsiee FAVeRpRA i eSS E B ey L§yessh of hetacked

- u in H t t.ure.o
m%:ﬁééﬁ%%%,r 23%1 E%H}%c? or ne e?ﬁ%&f gé\%’?ﬁstn%%gﬁ s%y%sl Ei%haé fole o
adihgh€li AgswRklndreyatee-160r medin feirtexardd e, ridsrd RBEr Ads heat

material to 25 increase the heat transfer area, and
cerdust portyus or umoepts c @lasttor marembels 4 2renystackedplay the
the rol e of hf‘fg’tF transfer mher, and the  heat

SFEABFat ed By Bt ePPT e SOPFETTIRATY be Ss upFTrBITY lowered.
sifh1e@sed ff ofe LS Soumoliheqtigr genber

res%??f t{ﬁrg det eri o(r:gltﬁlron of tlhe%ggttgfggﬁaisﬁéegessm £
cfdpFeeshest On 4 heixichesn handrigsi dendleofbushsgadteddien of
current collector nenber 47 as heat releasing -
apmeement % aehives maperilsoshepsy #99hsgparasapy dhorizontal

T is, if. t ted . b (g
SRS b PR A SR T G T (o SCBSF o b P Re P favorably
tIStddat HiBipdet BfjeRbabl 08 i athelyid1s, PEH UL tneaBentrary,

it i's not “desired, but on the other hand, for snooth
tlexec Wbyens ofert e hiEit er yore ofagthean, indulasintesarerial .

that the battery conponent. materials be in a certain

t enper at UFY AfgE@FEhoBT 28T BIF5HY) SitentErepiRieddie heat

SreE: Bl i ol 1R HhOB IR B B PR g7 e

ceeP tiyheakat tes yhepponeRifefBliestalc® becomes longer. As a

result, in the battery shown in Fig. 7 and Fig. 8, if the outside of
the case is cooled, the inside of the battery is not cooled to a
desired temperature.

Accordingly, in the battery structure shown in Fig. 63,
the structure of the current collector member 47 serving also as the
dividing wall may be formed, for example, as a porous material to
increase the heat transfer area, and this porous current collector
member 47 may also play the role of heat transfer member, and the
heat generated by battery reaction may be sufficiently released from
this current collector member. As a result, the deterioration of
the battery may be suppressed. On the other hand, aside from using

the current collector member 47 as heat releasing material, it can
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above a certain tenperature, for exanple, about 25C or

hi gher, a 10 heat insulating material may be adhered

to the outside of a part of the porous current

col |l ector nenber 47 so as to suppress heat release.
Simlarly, in a structure foB5cooling the heat rel ease
plate by force by using a fan, if the battery '
conmponent materials are |ower than a specific
tenperature, heat release can be 15 suppressed by not

b@) @éﬁ@t’-ﬁﬂ@@ ah PN re R Vehehst-er "‘57harts ipncresbedngat generated
ivag the. surface area _increa a d onl §8000I|

HPRacETiy o BT t EROFREGEFRC | Bht FX hgt closed

sﬁﬁz%‘cgf‘e of sddag- Baldiehy - orACERRAIDal ), g?z%mét@:ym af Fig: is not
6A, when the battery is conposed by stacking up a

d¢mined) idur ofr time totPer hadrtder fes, snpthoatdduyitieofc ithe et tery
col | ector nenber 47, that is, the dividi ng wal | for

TR PR r}ét ilﬁgj‘itﬂ%e@ AHEthBRY SIFCESTY (OB MaEeEaLE ke in a
ceroca(j:.lqole ec px: ﬁen_& ga5ggét oefo %Eff I Veﬂi&icn-rhgnstead of

curTent e i Vi di ng”wal'l

r@?@é@h‘@%atrby GoRdd Ctiof tie gﬂﬁ@uélscx.&&aﬂ@ dd116bbr §15mber 47,
the current collector nenber 25 47 conposed of porous

azltiei caen phytles, iandrdsyetq rketepbahe éwatEsrwlcorrmmrrtgmterials
ositive electrode cells negati ve el ectrode cel]

Bt Pt ICERERI - TRe 324 a %"F ¢Bnn¥Ed ‘dehset ymgl'ler a
o
h%?‘lﬁ%%l%%ﬁ%ﬁg ﬁtee ‘g%cr{g HAe G 82%0 d SOE O REDE part of

on but e heat can be
the aporust eflrebhit Celldator 3Sthefberxper isterds ofo suppress heat
installing the fan 53 at a lower 36 position in order
rekeasgppl ﬁlmiﬂ@réwol LRgaaPErucrure| dasecheking dhtebeayefglease

o HhradE SR O SCAPEKR] THydrgeR-bBRr vy FORE Tnme i ol

afON LG att'hQ.H &S shewaid ne htgﬂra@ﬁrése%e%}tg rOBhse can be
First, in a stopped state of the 5 fan 53, when

sqyeeshat gedndty cb20&cialy rearfehenperature, the
thernoneter installed inside the battery showed a
t enper at e thadtadssed 19 HFEesSI90er i ildto theusyrface area

1&919 %sgé,n%n& ortllh ]:Dgfm%?’t_‘ﬁ@ Mcé% %Qd &%91' J_%L[ff%fent to
cool the inside of the battery. Accordingly, as shown in Fig. 63,
when the battery is composed by stacking up a plurality of unit
batteries, by cooling the current collector member 47; that is, the
dividing wall for participating the unit batteries, it seems
effective to cool the inside of the battery effectively. The current
collector member 47 as the dividing wall is excellent in
conductivity, and as shown in Fig. 6B, the current collector member
47 composed of porous aluminum plates, and the unit batteries 41
having positive electrode cells and negative electrode cells
partitioned by the separator are comnected densely. Accordingly, by
way of the current collector member 47, not only the eleétron but
also the heat can be transmitted efficiently.

In experiment of installing the fan 53 at a lower
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supplied toward the battery nodul e conposed of six

unit batteries, 10 and two hours later after 1206
overchargi ng, the thernoneter installed in the battery
showed a tenperature increased only about 10C from

the roomtenperature (25C). Assthe current collector
menber 47, instead of using porous alum num pl ates,

for exanple, alum numplates or other nmetal 15 plates
having a nmultiplicity of comuni cation holes for

ppafisiong I pedfer geoarsupply t tuheverddldag diirecid opelmge heat
be used. In this battery nodule 40, for exanple, in

et frCtRvVe Y ebﬁf th?hé%@@% i gelip@err gwEbetr Adnteffectively was

f 0S| eelectrode term nal_.for
con(%uc% é conne i on é()‘(r B0t eI B P IpRton
abesHBwRakn 9 st hQMV” éeét Bfg .| @BF' 0.ril@c ey, BescQpRacieie of the
and in the "mdd EIne negative electrodé current

fenl | ¥ct owhé6, O\&mh@meldvebyel 820% ode t eoom ndkmperature, the
ext ernal caonne on simlar to ne ive e]ectrode
CRErHREFY 95I’§ﬁ%£3r?dl at®ii%en B9 %fﬁ %@9 550V RdelfmpeBature
lﬂcfeggﬁoggi SLiUctigeal s exagnle Eig. 9 is a perspective

view show ng a confirguration o cooling of a battery

nmodul e 81latfoiisgTpndoisd ridel WialwaeX afphead, b¥nd cool air was
forced-cooling fan and a wind tunnel (air passage
SspRice). toRrd et BRitarydupduba dmposer aifr sésnppit batteries,

Fherebr PIRG aH DucRERS oDy | FETHERS Fan Baa Somomerer
:A0datbe iatake RR-83hhencheasad Loualitskdealn WYy avouc

the air comunication space I'n the | ower part
1Dme ﬂrexattﬁeramerﬁe:ren@emmren (239® .battery nodul e 81, and
an air conmuni cation space 84 in the wupper part. The
ar rows i nAEi 9 CeRERRYt HOLAPFLeY oWW‘?&rdl‘lﬁecthéﬁ%ad f using

. Ais_a lon tdlnalsctl V|e
B ie ) CHBLPLET  ¢ e SR st FLREAAIE BRaRpT e, o, meral
iQt%é $12%164 08 SmuBeSLiONgl of %ﬁ@rﬁnﬁafi@&gl&%le\ée f%?nggésmg a
p03| ti oned between the positive electrode plate and
refelgeegat iivethe evrtodel piateigh nie bebasedsry nodul es
as seen fromthe direction of arrow x in F|g 10A.

In this battery module 40, for example,” in the middle of
the positive electrode current collector 45, a positive electrode
terminal for external connection similar to a positive electrode
terminal 94 shown later in Fig. 10 may be comnected, and in the
middle of the negative electrode current collector 106, a negative

electrode terminal for extermal comnection similar to a negative

electrode terminal 95 shown later in Fig. 10 may be provided.

4.2 Second structural example
Fig. 9 is a perspective view showing a configuration of

cooling of a battery module 81 in a second structural example, by a

forced-cooling fan and a wind tunnel (air passage space). The

battery module 81 has an air communication space 82 for passing air

in the lower part thereof. The air sucked in by the intake fan 82a
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10 Fig. 10C is a perspective view of a conductive
nmenber di sposed outside of the positive el ectrode
plate of the unit battery for conposing the battery
nodul e in the second structural exanple (to be
expl ai ned below) . In Fig. 18A other arrows than
arrow x show the air flowing directions. 15 This
battery nodul e 81, for exanple, is conposed by

stacking up six unit batteries. Each unit battery is
arphcihed inteke afan d3bctisolrpleasss) (id cvtbedswlan wave of the air

ositive electro 5 as _the t|v el trode
R o PR it B SR prS SPRCiA Er e Se i
138 M&e?gg%am ehecihadanculik-eRbmeelil-aci | sp'a@é 84 in the
between 20 the positive el ectrode cell 85S and the
umeEgapave ellbetarodes cel F1@6$ shew sépaaat (fﬂoﬁﬁlg’]dn.rections
corroded or de enerated in alkaline electroly

sol uti on Eif BRBsi@ LEASIBIHNAbISIEITHHg vaPbTT e Pattery
mc!x{]utlgr %[ = s%ggn B@ﬁi&tﬁgl % de %Cl.ge?/ Ogaé.%rlaal CYQOsSs-

IS I NS e positive e trode

sécdiegat i wqeﬁl %‘ﬂ r gdecatuby Brel 5 mambar | dbsitSionBgt aldt@den the
in the negative electrode cell 86S. Between the two

porittdat | plediredenrlans tatishtther inggatire sglectondribleaei @ the

assage is provid for i ng, the_air sucked
T oRRLSSt 35 P SAER LS EERG PRt o8I A RE FLS. 10
rtigal jdi pectl i &y COPTHNI LAl AN RASEAZEr 881 spo
F}f n%tf@p%%v%dgg %Br%cttggg 30 “éntl re sc‘&?f%ce confronti ngs
ot dposift ithe ebettivedelptat®ic8land oifie th8 unegabaveery for
el ectrode plate 86, but is provided in the vertica
CRmOSEng dibel RaktrEYnTeiille por e seapnd ﬁér‘p@yrtaﬂv@mle {to be

el ect rgﬁ%%?lw n Fﬁg Fl%gglé&d %?%at ive eI 8%% I at %how the

aig ﬁggguigglgggﬁyﬁgcatlon passage 88, conductlve 5
9 are disposed, and the positive el ectrode

pI at e 85 dnik t bettempgabivie eBact fode ephmble, 86isar eomposed by

connected by nmeans of the conductive_ nenbers 89. For
SEK1Sg PR &isr THE, PREFeTeREnp| BBl iy SRTFERT 6 BRcked with an

ei‘ag%""%#ﬁ@T eng{ﬂ:forffbegwg&‘l e bgéft%.f\/!e UQ{é %o&g S;Bl%.’te 85 as the

positive electrode current collector and the negative electrode
plate 86 as the negative electrode current collector, and between
the positive electrode cell 855 and the negative electrode cell 86S,
a separator 87 not corroded or degenerated in alkaline electrolyte
solution and passing ions but not passing electrons is interposed,
and. a positive electrode active material is installed in the
positive electrode cell 85S, and a negative electrode active
material is installed in the negative electrode cell 86S. Between
the two mutually adjacent unit batteries, an air commmication
passage 88 1s provided for passing the air sucked from the intake
fan 83a and the intake fan 83b in the vertical direction.

The air communication passage 88 is not provided on the

entire surface confronting the positive electrode plate 85 and the
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10 or polypropylene, or a nenbrane filter may be used.
For the conductive nenber 89, nickel plated al um num
plate or other nickel nmetal plated, nickel netal

foil, carbon plate, nickel plated iron, nickel plated
stainl ess steel, nickel plate® carbon, or simlar
material, and any other material not. corroded or
degenerated in 15 al kaline electrol yte solution, and
not passing ions, and having an electric _conductivity

negarive (HledtrEschplatier Batt Sy 1S cpEvgsled By the vertical

Insul.ator plates and, .92 bove and bel ow._ The
S i S POt S5 Gn B bor Ene ke paiee 3
2B O HN G 1BEF 1 RAH ec@F el BIRECTdY/ QY £RGHOSEOrRY 208 and Fig.
I nsul atof plates 90 and 91 at bel ow and above.
16@r t rer boes sibewwof rcheFeagr d&Bpunicatiennpakiage pdd t iconductive

of the gositiye el ectrode plate 85 at the left end, a
TR §2 BleettTRAFE IR REF RRFifdYe SFEFFHle plate 85 and the

ti e Drovi i el . ¢ .
ARG LRSI LD LA LS N 0 Ol (Bccive
m&hekrsl®s. a negative 25 electrode termnal 95 for

external connection is provided. In Fig. 10A, instead

of the baFoertheroekpeeagdr 8he I¢atexampleapdal eoyen fabric or

havi n e .porous.current col] ectqr nenber_47 _shown
ARG, SR, O S b dsi T HEE At B En P yREee B TYLon
| 50 Wi arbbene 39: Al GRTUBL CALLON  cor
Oggg?g%%§§§?&§¥heat trang%ereila%e 56 shown in Fig. Sgr ©
cddaddtaye beenbee dso Thel dreat plataasas fadtmphat @196 | & nether ofiickel

al um num and lated with nickel, and a nmultiplicity

metalainlagedminictat | BrrBadeafe scatPPnapEats oV EkRlL intafR@ iron,

' i cal_ di tan. _The h f | 96 )
S O A R ML

nbkfSSRh ed Jhet WBEN LRS- PRSidri¥e abectheaRill alre BaeAbfhted in
the negative ‘®electrode plate 86, so that the air

askckied ehedtrodytdiesdlntake, fead n88apaswingheonsit @od haning an
83b may be_ passes through the communi cati on passage
eYFCLIrERCHREFT Vs FRY 5 HPe2 906 al so serves as a menber

fggt ﬁg;la? rg‘_%geidl tLPL‘LE hﬁaipc%%t !Lé/ een%lgg&{ %@e i%ﬂa%o?spﬂgs 93 and
92 at above and below. The air communication spaces 82 and 84, in
the lower part and the upper part, are respectively enclosed by
insulator plates 90 and 91 at below and above. Further, as shown in
Fig. 10, in the middle portion of the positive electrode plate 85 at
the left end, a positive electrode terminal 94 for external
connection is provided. In the middle portion of the negative
electrode plate 86 at the right end shown in Fig. 10, & negative
electrode terminal 95 for external comnection is provided.
In Fig. 10A, instead of the battery module 81, the
battery module 40 having the porous current collector member 47
shown in Fig. 6 may also bes used.

Instead of the conductive member 89 provided with the

air communication passage 88, a heat transfer plate 96 shown in Fig.
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10 el ectrode plate 86, for connecting the positive
el ectrode plate 85 and the negative el ectrode plate
86 electrically, and it has electrical conductivity.
In this respect, alumnumis relatively lowin
el ectric resistance and is rél%atively high in heat
conductivity, and is preferable as a nmaterial for the
heat transfer 15 plate 96, but it is likely to
oxi di ze. Wien the alum numplate is plated with
1lhimglyebe wseddat Tl hegtsunﬁmségge@llatanaﬂi% n@dﬁt@%talwninm and
§§|st ce.is also.lower ce it is furth

Sorin Bl S SE L ShE briot it {pessages

9’96ar° 0r-8ridedhif dirpd et iral sexambg, Fi ﬁiﬁ }Rat Stnsfer plate
cross-sectional view of a battery nodule in a third

96t maict oy ahseXainmitead Fof. thd tenducdiegr amk&hrowfmg aadr may be
flowng directions in a heat transfer plate in the

inred yoroEeRe tha PRgive2eleriaorasalatortplagde $hg opegative
gébcirége @Lé%“sls” E&gn }2 . gLe 2 &J@é;%&eg ELg; t%‘e‘ E_ﬁtaa;ce fan

ram OW ng’ heat ransm SsSion directions

si@ta*rfar ihémﬂ'bﬂakel Rafrl €bb dy DoephaiebetdrdRAuLse 9<§3rr|m§n1catlon
conposed by stacking up a= plurality of unit
pPawEEger Pés. [Mheebedt umansher t piate st vwden wateRd (35 a member

@g{osln Q&é!tloned os|t| e el ectrode current ,

ERRDIVES dhE 395hkY CEFG rRiFSc GPr @ptt the negative
Oggbetl ons;

Bt il i

25D thé omegatinitk pabsitigde OMSadad 880t e pag sl Ol 1§, ecirfdonst  has

are disposed alternately and adjacently to both
elaftreerl colidegE Bty . r urlthdhis| nesrRsly Rl Hmirken tisr yelatively

the .spac vi ded by .the belloms ik s 101

190 50 REeItr | VR ATBRR oREbuRs ert o BOTTen ofige. I hest
c&%b&i\)/ﬁcye' gh&rod %re?@ﬁﬁ:tle 103 SoRkaLMNGRNtne heat transfer
el ectrolyte solution 102 and a positive electrode

pEEﬂe ve, natteriitalisi $ikklypasedyidind. i nwhére thpaabndinuh delhte is
t he bell ows-1i ke separators 101 and the negative

pat@ét reee cot et %Maéé%r lfoosuaorﬁég%@q vang| éder ogntact
recg]%%gnéeodisc gﬂg@' #HVJ% e&m ﬁ rl%' Eef‘%%-‘&t_f ;S)I%f%]ggble as a
an e e acC

negative € rod TVe rmat er
material for the heat transfer plate 96.

4.3 Third structural example

Fig. 12 is a cross-sectional view of a battery module in
a third structural example. Fig. 13 1is a diagram showing air
flowing directions in a heat transfer plate in the battery module in
Fig. 12, and insulator plates 107 and 108 shown in Fig. 12 are
omitted. Fig. 14 is a diagram showing heat transmission directions
in the battery module in Fig. 12.

The battery module 98 1is composed by stacking up a
plurality of unit batteries. In each unit battery, between mutually
opposing positioned positive electrode current collector 99 and

negative electrode current collector 100, bellows-like separators
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di sposed, and the positive electrode sheet 103 and the
negative electrode sheet 104 are nutually assenbl ed
at both sides of the separators 101. The positive
el ectrode sheet 103 contacts with the positive
el ectrode current collector 29 and the negative
el ectrode 15 sheet 104 contacts with the negative
el ectrode current collector 100. Between the two
nmutual |y adjacent unit batteries, the heat transfer
1@l aboe 8Gridednor nleBegeratédi s iams etta@dnsoe s trolymnsatytion,
with the p05|t|ve el ectrode current collector 99 of
a%éaa@ﬁﬁlg bsEe)d Batd PRRELNG &g8ETRESe RER tHSRES U eRTTATe LY

! lc? a.tcg_ntf thf ‘fﬂec%%: lcl:gh.iec{?: Egery"urzton P]eln each unit

€ al'r corrinunica passage 9770

béﬂfu'e&yheﬁi thel amfeeel@i@aew&r@bam&%swm @egaafators 101 and
vertical direction of the positive el ectrode sheet

Ux@&xanﬁlmheehggapdaem@n@©trGdél@ﬂe%t9204a pP8ettveen el etrode

t | trod t th
B le Cackrbch FBFoRpiT cor F00i0% HE b pRcRosiEive

el &3yl dg 'v@t Raferdd] POSI cﬁiéﬁ%s@!ie%ﬂdo% esél emded by
P

negative el ectrode cell by the Sseparator
the gbealil odts Vi idked sbyatdrerseper sdroy thel nagatllvla e el@ﬂsaotie Veurrent
el ectrode current collector 99 and having the positive
cellectpbdel ¥heet 1WEFALEVE hels65Tdey e SBERict ABfle @@IRININg an

e re i b th e 101, and the
fhibivet Satfiotiate i B RSP R Phad GhatlE mErian oo
diék%sgag aghye tﬁ!a eghbsadees @@Etﬂ&i@ i shebhe 1643 aﬂ@ gaht Veegative

el’ectrode cel or exanmple, in Fig. 9, instead of the
ebattiredy sbeked el(&l aren muteasbcoasbegbiedt ar abotdx agrples, of the
u3|n the battery nodule 98 of this structura

PES ¥n coBF RIFETHR (LHFRRfUILESY8.105 A SREnwiH the
2 : X
Pg%% Re M Yo BT SRE | SR BT o EAT| B aPoToT eracerode

skadPadedegfrat-he Wﬂhathélaiégﬁglﬁ‘éﬁé&@ﬁfd_e&@&*eht Ccollector 100.
conductivity and heat conductivity respectively

Beorseac theli fvae rugusl vh adircamss bl v éoatébrids, otbe shradt transfer
103 and the negative el ectrode sheet 104, and the 10

plEhs eth LOIPectof$9 99t ant 19HCERT T 3t 998 Acar v2th the
p&éﬂl%eélégt@{ﬁe current collector 99 of one unit battery, and the

negative electrode current collector 100 of the other unit battery.
The direction of the air communication passage 97 of this heat
transfer plate 96 coincides with the vertical direction of the
positive electrode sheet 103 and the negative electrode sheet 104.
Between the positive electrode current collector 99 and the negative
electrode current collector 100, the space is divided into a
positi*\}e electrode cell and a negative electrode cell by the
separator 101, and the region divided by the separator 101 and the
positive electrode current collector 99 and having the pesitive
electrode sheet 103 is the positive electrode cell, and the region
divided by the separator 101 and the negative electrode current

collector 100 and having the negative electrode sheet 104 is the
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96, which plays the role of Iinking the positive

el ectrode current collector 99 and the negative

el ectrode current collector 100 electrically.
Accordingly, while the air passes through the air

cot u. ani cati on passage 97 of 4lhe heat transfer plate
96 along the 15 direction shown by the arrows in Fig.
13, the heat generated as a result of battery
reaction is efficiently transmtted along the
nelatdyei otectiradl ¢aled by the arrows in Fig. 14 and is

rel eased {o outsjde. Ip, this nmanner, the t erat ur
in the ba%?léreﬁca%%%l én9glg‘i s W&P‘?ﬁeﬁdl@%l '1%}? EQEF%% ule 81
ihapge sa-drhatschiapat t efimieactison; Mk b0y exsauteds of
snmoot hly. As shown in Fig.” 12, a unifying positive
thl € citi-adeirat uetaapl e € alahecdalr th85cdtsepy onvidded 2. t he
end portion of the positive electrode, and a unifying
negative 8Fe&PPWieltufignt 1ol [t68t APSIBHE | 2lG5E97]]efirrent
the e p [ 0 ..negat i e
Blidcte "5 [Rah e T RebnSr ey Bl odi o "SRR Pipigter 200
cBhgiR8 H37 t28d méOSl RAELNRr @¥cdetent relleberid debRiuctivity and
portion of the unifying positive electrode current
heat | eiduct 105y aeppsdttivesy erFentaatdealiresriyvnadithsitisg| ppsitive

to the positive_electrode termnal 94, for exanple,

e Lfigniop h Sy L08R, BB a St e S| 05, and the
O ugd fjan Of)ﬁ&?‘:‘ci l.ect &%ﬁﬁ

(o]} é:c?g?iel%c ?saﬂne%{gt ?3@ electro gtlng%t glrggnéna 28 plate

98| mithiath blaydehaegeld wsf alierindthd eppitiale 2bectr@be current

exanmple, shown in Fig. 10 is {)r ovi ded. The positive

cellratosde®shaed D3 NegabirvifedeledhirodRamgplreent pyohkkfitay 100

sol.ve to ositive electrode active material .
dedtifteiive R M TP B pdaraian e atx
c&%@ﬂ%b&i&{‘,pa%@%é’ |10 O @heSURSET alendQ.f QNALL NS Rong the

pl ate, and hardeni ng. The negative electrode sheet
dilbd-disnf ehowed byf ohe excanpise inbFiadding thesbéatergentoated as a
ne&ftive el ectrode active material, a conductive

refitterOf aRRFRIY e SPACTIR ek eCE iFaSPeI Y oS Pt along the
appl.yin N S t .Ln a 10 plat.e,
dﬁg%)%%r?flgggni‘:%ra %%Ii)eﬁ%g%l?et ia\%gfog'%gé‘? rgg% ac ia\p/néi r%%t grglma ,ed
outside. In this mammer, the temperature in the battery module 98

r

O

is maintained in a proper range so that the battery reaction may be
executed smoothly.

As shown in Fig. 12, a unifying positive electrode
current collector 105 is provided at the end portion of the positive
electrode, and a unifying negative electrode current collector 106
is provided at the end portion of the negative electrode. At the
side portion of the battery module 98, insulator plates 107 and 108
are provided. In the middle portion of the unifying positive
electrode current collector 105, a positive electrode terminal
similar to the positive electrode terminal 94, for example, shown in
Fig. 10 is provided, and in the middle portion of the unifying

negative electrode current collector 106, a negative electrode
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t he negative el ectrode active material, or any known
active material my be used. For the conductive
filler, carbon fiber, nickel plated carbon fiber,
carbon particle, nickel plated carbon particle, nicke
pl ated organic fiber, fibrougtanickel, nickel particle,
or nickel 15 foil may be used either alone or in
combi nation. For the resin, a thernoplastic resin of
softening tenperature of up to 120C, a resin of
texminag senpar ammﬁeeomegatévehaelgecpecn@ﬁert@mt@lt §5120¢, example,
§e3|n JSS éved i n %¥%$Ivent of evaporation
Bfberat e B =5156¢ ess, a resin dissolved in a

sol vent sl elttk,éf@le&trcsare AnL&Siin320s diss QEV%E BxAmple,

sol vent soluble in alcohol nmay be used. For
bgubstiia ea sohietkeltoplat poditiotheleet@ekr igalily material, a
conductive netal plate may be used. 5. Exanpl e of

candusive thi léahaf@dnentesn Fatekeya ZRsse 'éfamqé?gtaon, applying

apa onpoqe t he er rg| ang "

gl gcl%arsg:lrﬁ%e ar %&—écéeeoa c% g'ﬁd %‘% negative

eteétsfodéamettm clerrpeﬁe@t, fdhexsher 9;2 @ea%&i@éﬁg to a
by the battery, and consequently the attery

ndgatabel lertrade Betivdh amtedialvbrecozprtive cfll ﬂyr, andce resin

the internal resistance he capacitaqor 30 conpanent
EPsTRhFaR BFSHEn SRR Pﬂ?eﬁﬁéﬂ&ﬂ%&%ﬁ& anEdPBfatpeto fom into a

p?g‘E Cla¥g ﬁérde\mﬁ Chlgc;rg Q:‘tixe ?ﬁsﬁﬁr‘éh%&&?&oﬁ gcpi\%h materlal

eed and in a short tine, capacitor conp

tﬁal gt Chagestidd gtsicRanges:iaan Obxt Iazeybmctmr &cti'i}%r fh¥erial
charges and discharges. To obtain this effect, a
meEtles uged of Fou ther gendugsave t Brlleapatsiropni Sihemsentdgl plated

bet ween the separator, and th ve el ectrod .
By S et o PR A bRl Tie DO aEr o gerrasLe, mickel
ﬂ&@é’&'éﬁaﬁl@‘?f{&%ﬁ ELEOLAI ni 21, CXATE, pdBE M tor nickel
battery may be conposed in a conflguratlon as shown
fonl Fay. bdSusdd efihkemirlonbadt eiry cobimmtinnFi grord Thet hesin, a
ositive electrode side is surrounded by a positive
PR Bgfelcc iRpFEheL 3OfteHineg iperaturet R Wedat L3¥°C, a resin

oL SR PR ¢ 4RO BISUELLY 6! PH8IE0S e
dissolved in a solvent of evaporation temperature of 120°C or less,
a resin dissolved in a solvent soluble in water, or a resin
dissolved in a solvent soluble in alcohol may be used. For the
substrate, a nickel plate or other electrically conductive metal

plate may be used.

5. Example of durability enhancement of battery

By adding a capacitor component to the battery, and
charging and discharging at a high speed and in a short time by this
capacitor component, the shortage may be covered by the hattery, and
consequently the battery durability can be enhanced. More
specifically, since the internal resistance of the capacitor

component is smaller than the internal resistance of the battery,



10

15

20

25

30

surrounded by an insulator 113. The inside of the cel
surrounded by themis fully packed with an

el ectrolyte solution. The cell is separated into a
positive el ectrode cell 115 and a negative 15

el ectrode cell 116, by an ioA3perneabl e bellows-Iike
separator 114 not corroded or degenerated in an

al kaline electrolyte solution, and not passing

el ectrons butcﬁ§55|ng ions. In the inside of the
witRss Fhangede bt tHggeagsd a1 15 hlahbm@/\ani i e anehpity EHve, the

cloth 117 of propyl.ene fibe s co tainin
TR P & BPRRT TR YRR e BtTeryl the battery
%/ sV\éﬂcf' dtlggha&%ggr atry oﬂb%élﬂ %h_df.'s %@9; a"‘ﬂﬁterlal of
further ~a bellows-1|iKe nolded body 118 of nickel foam
a cittyai cepagi sopasbhtity iel bcfaradé lsetiverr thet eepartator and the
entirely contacting with the nonwoven cloth 117 and

PRELVRlI G pCEEiasEr R WRERiFHe aﬁ@sb%q“venetﬁﬁcﬁ?%@tor and the
n%e}éleﬁ%‘t Gl L& Qﬁaté% 1S dishased.;d ”t ) Vﬁ&&;ﬁﬂﬁi%y may be

ne a i ve rode cel

chgRuey em 6l aidtidlfaion 89lyBLAPM @ﬁ? fisb.e_rs cont ai ni ng
a negative electrode active material entirely
cont act i nef wikhdr thét sbpereavorsiow i dFsposyd, Bl positive

further a bel | ows-11i ke | ded body 120 of nickel. foam
SHhi 15398 Héga??%?’é’un@g% ol AT pEdETGode  Cutrent

cc?ﬂ'éEE y1gpnt agLi @1@8&&% the.neguovens30 sel ol ddhaand,, o

partrally contacting with the negative el ectrode 44

néfitive ahieibat dldehs dobpesed. 11p, tdel corf isgts apdiion is
shown in Fig. 15, the bellows-1ike nonwoven cloth 117
SWOEE@%Mpy‘mehéS@aE@Fsl%d Thire 1paideows- rthﬁecerlénmmun@d

0 0 ene corr ond tg the
O S8 L1 St SRS SLER T (FAEEFOSEE oPe RRr t ol oLl is
é@%@&dt herSond | gHEAL AN afectshgun demFl G5 18nd WR€Npegative
the bell ows-1i ke nonwoven cloth 117 of polypropylene
eledietde arul 1t hee pebyt cus -iohk permalieeheTlish1 KD sebarator 114

pol y proPerne fibers were elimnated as shown in _Fig
nq% © <y eF edegeneraiiss in, %@15%% elBEEratkEs %QJré‘tlon and

sl e e A ub el p el o
pB&lcY P& OpYd@RBaE | BETIS MBT € aC Bt Bbwiedikd NBosyRte tid® 117 of
was nore than

polypropylene fibers containing a positive electrode active material
entirely contacting with the separator 114 is disposed, and further
a bellows-like molded body 118 of nickel foam containing a positive
electrode active material entirely contacting with the nonwoven
cloth 117 and partially contacting with the positive electrode
current collector 111 is disposed. In the inside of the negative
electrode cell 116, a Dbellows-like nonwoven cloth 119 of
polypropylene fibers containing a negative electrode active material‘
entirely contacting with the separator 114 is disposed, and further
a bellows-like molded body 120 of nickel foam containing a negative

electrode active material entirely contacting with the nonwoven

cloth 119 and partially contacting with the negative electrode
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10, 000 cycles. A battery nodul e can be constructed by

stacking up a plurality of the unit batteries having

the configuration as shown in 15 Fig. 15. For

exanpl e, same as in the foregoing second and third

structural exanples, a plurakitty of the unit batteries

having the configuration as shown in Fig. 15 may be

connected in series by way of the conductive menber

89 shown in Fig. 10, or the heat transfer plate 96
ABHYINMATEIERY. ll 115 i spAsekch 1Y %t%#%ﬁém eshown in Fig.

ai SO a batter onstruct e
15 BER RO A BrUP AP T or 1ORS i £F BRDEBrPaErs s and
the HROShid —‘i@k@ | egdriegen cedilotand 1t e freggihysropylene fibers
el ectrode cell are disposed so as to be arrangéd in a

cearBpoiid eot tlmn capscithe strgokengsdi rection (arrangi ng
direction) of the unit 25 batteries, and a current

col I ect or Ip| e Heaet e‘fﬁpec&aitéﬁ%rhf’ﬁ’éﬁﬁeime 4GPHATETRfion as
ti-“lgﬁ Fi?‘:t‘rilg&e é‘tﬁefﬁ h! gﬁ‘zﬁ Mbeft! @e5000817 of
S5 ate ec

positive e current

p&%b'*’@ﬁ}t'l%eggzlbaﬂs Begathy epel Bsig-0des CHEmRRENCRILbEST 019 of
100 in Fig. 12, and others) is disposed between the
pc@opr@pwleenel éeb&rr@d@emelallmrw &b ﬁmvaallnymm aéj, atlmtcycle

it batteries,. and _the _neg |ve | ect e cell of
P 3b ST P B B EBE Mt el iy POREveR cloth 117

%3&!1?‘#}%5 viehBeronienhy ol '&Q_tl%s MepRehoALvel Eidn Gho of

a porous material, a refrigerant passage Is
pdIaprey idngi &&béfEEWEiéreﬁhtaxﬂddeCthé cfle lHEéweaf more than
current collectors (positive electrode plate 85 and
1hé§at F¥les - el ect rode plate 86 in Fig. 10, and positive
el ectrode _current ¢ ect or 99 and ne at ve el ectrode

current col %’i(ﬁy % FY. 2 15 TR S0 U ct e W @

pleahery 8% taeaulticUratkQy1EOriEagt iR abhri RLEFIHH Gat ERRn in
passage 88 in the mddle, or the heat transfer plate

FB6 (See HMcy. ekdjpleavisage passagethwol fegegsirg rsecond and third
commruni cati on passage 10.97 is inserted. In this

SEORIHERY APPBRLSY he HOAEaheierah ddeoy EhePatbigrt8f yhaving the
cz%xf%&&k&‘&o%aﬁs b G Le A | Y5t kel BLQdREST & dSLANYy vay
of the conductive member 89 shown in Fig. 10, or the heat transfer
plate 96 shown in Fig. 11.

In each structural example explained so far, a battery
module is constructed by stacking up a plurality of the unit
batteries, where the positive electrode cell and the negative
electrode cell are disposed so as to be arranged in a same direction
as the stacking direction (arranging direction) of the unit
batteries, and a current collector plate (current collector member
47 in Fig. 6, positive electrode plate 85 and negative electrode
plate 86 in Fig. 10, positive electrode current collector 99 and
negative electrode current collector 100 in Fig. 12, and others) is
disposed between the positive electrode cell of one of mutually

adjacent unit batteries, and the negative electrode cell of other
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exanpl e, air) fromthe current collector, and can be

released to outside, so that the cooling effect is

enhanced. In this exanple, air is used as refrigerant

(heat 15 transfer nmediun), but water, oil, or other

liquid may be used. Not |imétsed to these exanpl es,

any heat transfer nmedium nade of gas or liquid

general ly known as heat transfer nmedi um nay be used.

Still nore, a battery nodule is constructed by
umttackitftpryup aBpl hcaiing dhet haruant lsetlectioys, (Hwd agrrent

this tinme, the £03|t|ve 20 el ectrode cell and the

?Féﬁ‘&??@em@% r iRelft9ar €)diBpoePdh P aBofGhdmaterial, a
d t Jde on
anglndﬂm%a €2$?oﬁ§ﬁﬁ%i eaénlgﬁ a%?é%#g gii%ﬁik o,

b@Werean&uﬁ@ht egdlaecpbad §pob e alembaecpmww‘@ﬁ Adgative
in Fig. 6, positive electrode plate 85 and negative
ebﬂe@mﬂ@d@lpt%t 86 861 nFig.g. lQLo aa%dps%sﬁwevee@éé@deod@ﬂrent

rre col | ector. 99 .an ative eIe e c ent
SRFERE o 150 IR SR orheres Teartaoely o Fig.
1Det wern taaﬁdmakfm\ﬁ%n@leﬁcts@od@séeel Fig Of 1@ﬂe f%hung the air
nutual [y adj acent unit batteries, and the negative
celrect cadienc ebtsagle 88hén tmRtnmddﬂeEr@r thed heae tTuansfet plate

col | ector gﬁate (current collector nenber 47 in Fig.
9¢) (5e¢ E%@d t UABHIY RESS3ISONCHRST St aé’éICF%E%%C%Pnt RrPsage

dj ac t tterie t
92u#$e % ec?%r tehIlat ésn'?%’%%?llé\g e ec eg’l a eedggy the
b@i&rynegﬁdmg @A:eqder edei pleatey 8faKken Fhits tlﬁ réfii gerant (for

positive electrode current collector 99 and negative
egdrgder oderic ubraenttheolclieremr dflertor, Fiagd Tah bayrbéeased to

on ect ed a.wde conta area by way. of the 5
ct%@éhﬁﬁﬁﬁﬁr gﬁﬂ d¥¥%FC at transfer
pl ate 96 {g ie agﬂrt her efoLe sLnNGesdy erant (heat
plurality of unlt at eries are connected in serie
ttdefegunaddhn butt eatal, rdsi stangteof 1idied hat ter )dsed Not

nmodul e may be further suppressed. As described herein,
1§§}'lt@§n§€>r‘e@tﬁen@x@mfé@§at?@f yreRsdGrenstey medsmowade nof gas or

LS00 S 2o, A0S S0 €009,
suppressedyill more, a battery module is constructed by stacking
up a plurality of the unit batteries, and at this time, the positive
electrode cell and the negative electrode cell are disposed so as to
be arranged in a same direction as the stacking direction (arranging
direction) of the unit batteries, and a current collector plate
(current collector member 47 in Fig. 6, positive electrode plate 85
and negative electrode plate 86 in Fig. 10, and positive electrode
current collector 99 and negative electrode current collector 100 in
Fig. 12, and others) is disposed between the positive electrode cell
of one of mutually adjacent unit batteries, and the negative
electrode cell of other unit battery, and one current collector
plate (current collector member 47 in Fig. 6) is used commonly as a

current collector for two adjacent unit batteries, or two mutually
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and deterioration of battery is suppressed, and the
battery life can be extended. Moreover, the

equi val ent internal resistance of the battery nodul e

can be suppressed further. Hence, the nickel 15

hydrogen battery 8 is extendessin life, and the

equi valent internal resistance may be further

smaller. 6. Summary As descri bed herein, according to

the electric railway 20 power-supply systemin the

afij acsntprefiente dotbyodirnphdtesf (Hdoeitivey erlerciormdeaplate 85 and
substation 9, the nickel hydrogen battery 8 is

nRPFETFl PLEBkitE) RIGhE S cBlef Fi ned5 and PREIGIVRI fgectrode
e.rltn c!) 'e%tofoég I@Hr gécﬁa%gve V@l@ét?écﬁee %%ﬁt collector 100 in

charge-di'scharge contr evi ce su oosting and
FSiy € P1.2h0 Wiy C P petnnkest Dt tdeedribie tduigatheatsd ke vy of the
device is sinplified in structure and the

copdisftare urdmipgrc 68t (bee Higduded. oBektate Sranditare pletea 96 (see

del ay_in operatiop due to charge- djscharge .control

gy tH A | PSR PR A PREBHR N ge e g o
er:iStdb,: sand e [ g

e ey e S e ST o, G eRemmer”

busettyasoddie 88y dealfgectdirsshangesedntrol device i s
omtted, it is free from47 _occurrence of harnonic
noi se whi &8h FRSFTaPed UrSraiRe BY gFrIIStaeGiiEw. timpebattery module

el ectric.railway_power-suppl stem.in_the. firs .
28, Efeln ok’ crpeh RRE LRIt FE R UEn: FoR dBEEReES T B PO
sehai@ee, dhafhasgrraoitd Ay davees, ARdthihe a5t | AldoPBssed,

space for the device 5 is not needed. Generally, the
and cleglerhyditoge o bt eeny iis digdresaed v andnehe et gyry anfe can

-vast space for installation is_not needed even in the

bRaSE et he NPERHEThy GPD g AL ERY yLF 5T hi HIrichpRRs (§F the

10 pld.c Uﬂiﬁ] tter] As :

bégo%ﬁ int é gctéﬁjuc%r a: iHe(%lxsg%]toil es egg'ri be%&gﬁ“)e(‘)vei_jhebymck“a'l
hotiteesi berdeie 81 tkedxthydedden 1baé t ema 8hd Cediy vaBdrtg internal

the battery nodule formed by stacking up unit
rpaistenrediay phcfwither ismafigxther reduced, and the space

for installation my be snaller. For exarrple, the

ni ckel hydrogen battery 8 of 750 V and
6. Sumary

' As described herein, according to the electric railway

power-supply system in the first preferred embodiment of the

invention, at the substation 9, the nickel hydrogen battery 8 is

directly coupled to the feeder line 5 and the wiring 15. 1In this
configuration, very expensive charge-discharge control device such
as boosting and step-down chopper is not needed, thus the entire
device 1is simplified in structure and the manufacturing cost is
reduced. Besides, there is no delay in operation due to charge-
discharge control device, and it 1is excellent in rapid charge-
discharge characteristic, and the feeder 1line voltage can be
stabilized. And if the boosting and step-down chopper used as the

charge-discharge control device 1is omitted, it 1is free £from
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800 Ah used in the denonstration test is 18 nB inits
volunme. Since the nickel hydrogen battery 8 is snal
in internal 15 resistance, the anobunt of heat
generation in the battery is smaller, the heat |oss
I's reduced, and the heat rel @&sing device of the
battery may be decreased. In the electric vehicle of
rail way, sudden changes in current and vol tage occur
due to instantaneous on/off of a large 20 current,
ooeraehdan gt ofizyonér ndise dWhndhpmay cistpth the slianaill dawgce.
of third rail and current collector shoe. Since the

ni ckel hyBrogRIPCTBAT t 7Y R¥s RYVERpREPLYr SEFFELiD anl Eirst
pfél”e el e&éﬁﬂ%ddﬁfemﬁu%‘%e e S \anti&ql k898, nBt 'x@gﬁ.ﬂ% c e~
e Su 0]

vent ~of en release of [arge current, as npar e

dMdhBred henhtbal tanties, 4drie thel bagelchangespate BI0OhE device
on the 25 whole as the battery. Wien the unit

ipanatemieededf tPrnayitkel theyddeleh ysreesy Witaew g fegh in
it batt [ h [ Fig. .1 I f .

RO PRy i o e hd (S Ry e RS aefofven in

rief feet Of e nﬁzéﬂs&elngeycsgeag%at@atg QI ¥t %@ﬁé CQ%&W R&fposed

enhanced. 30 Second Preferred Enbodi nent 4
ofoafigurial icityargt ometrabatierdesel eabr sbowrai drwehe structural
power -supply systemFig. 16 is an outline structura

SXATR PR AT ACRISOOVE I Y FATRIRENS potie P Spp Iy IESase RRFIETY 8

n r d di of t > [-QnN. :
bb?hées rs gpf&f’éﬁe{ eg&g%eoﬁg‘%?, %hggarﬁk g&%%ﬁ%’% ggéoﬁlzgenes’
chatdieryi§ wWasrenstahied, adnd Nees upstatien i9stDNation may be

electric railway. By contrast, in the electric
sralileway Bowmer:aspppl ytizy stickel ninrdregen gegntdrpr @f eff rsd vV and
enmbodi nent, of the invention, electric power S%&@%%ﬁ

SAhdDSuRpt ydERT CESCIBEAAHE T66Ti I LEdT ngR t1e HPLRE
hydr ogen Q%%éee%e%%eﬁgﬁédﬁ%%ﬁ'%ﬂe%@ti'%ersm&’ﬂs'ﬂf Pernal

than the substation I nterhedi ate points
réeistBare A thbshdintosf ardt Ofdiedras s tiat the Yalkery is smaller,

electric railway. The battery nodul e for conposing the
the chedt hafisogien reduced, and the heat releasing device of the
battery may be decreased.

In the electric vehicle of railway, sudden changes in
current and voltage occur due to instantaneocus on/off of a large
current, derailing of power line and pantograph, or derailing of
third rail and current collector shoe. Since the nickel hydrogen
battery has a capacitor effect, and in the event of sudden rise of
voltage, or in the event of sudden release of large current, as
compared with other batteries, the voltage changes are smooth on the
whole as the battery. When the unit batteries of the nickel
hydrogen battery 8 are formed as unit batteries shown in Fig. 15 as

an example of durability enhancement described above, the capacitor
effect of the nickel hydrogen battery 8 may be further enhanced.

Second Preferred Embodiment
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battery 8 to be used in the electric railway

power - supply systemin 15 the second preferred

enbodi ment of the invention may be the sanme as the

battery nodul e for conposing the nickel hydrogen

battery 8 used in the first ¢4eferred enbodinent. In

the electric railway power-supply system shown in Fig.

16, the electric power storage and supply devices |0Oa

and | ob have a 20 structure in which the nicke
lhydregdngbettiony agdi spatiatéonl yicelpteadc astiheay epoer-supply
line 5. Herein, the structure in which the nicke

SHYegen battery 8 is directly coupled to the feeder

line 5 is_nga . a | ' I red | R
enbodi rrentF,gSf E%et l|Ss,§mt e@lnllhgktgpgu %%g%r?%%téﬁy% e|l§ctrlc
rei TRgt bywe Bty testhe freedejecbhdere ittt hbd®iment of the

resort to a charge-discharge control device. The
ipverdlonhydingere fast epyef@riad emxdposit.i vaeehidtalodgdrogen

i d t I, t i I ted to the f I )
oR e Y R dpA T e are B s e ab T S far LRGP ey
BGORRRELEG t 0 he\of ehubn-conductg hga%é)s@p#ggg%steh&m the

a pair of external termnals of ni cke gen
sbadrice pyeBedfedaedbinasc tcfdthe irtvent fedeelédtdcSpand storage
the return conductor 7. As 49 nentioned in the first

P37 FBPLE OSHISEaT Hsnand t 1P Apekedingyheo gapkebespien sattery
small . [ta variatio in | ati.on to the SOC,
SRR EROT| SerdTGE BTt PO EOT L e HoT feshod: S =

i8PEiddi 668 Beirkaupbetbendid @fidsYat Rnt Reaf eeder &ideabion for
and the return conductor 7. 5 The electric power

ededragerandaguppl y devices 10a and lob are installed

at a different Elace fromthe yard of the_ substations
for el ect FP® PEFFSHRY TSUBSt &OF0FSTPRFLNG| ed¥er jickel hydrogen

b%@%%xq) %) togge %@dgﬂﬁ @Edeg.g&ﬂicc@ilﬁ%ﬂ%&%g@l&i%&/géem in

the electric power storage an

th@asairthd 1 fbe Rfreedi dreobl tertowpl etk tiondht R8F tkhpnse ahet Bone as
feeder line 5 different fromthe connection position
th¢ patdesybseaticoRer SATRARILIGH thadnidkelf bedegehi rtt8ry 8 used

e, cepectibsally glolherelectric poter storage anc

directly goupt &t berid@af 8R4I EPEIDPly system shown in Fig.
16, the electric power storage and supply devices 10a and 10b have a
structure in which the nickel hydrogen battery 8 is directly coupled
to the feeder line 5. Herein, the structure in which the nickel
hydrogen battery 8 is directly coupled to the feeder line 5 is meant,
as same in the first preferred embodiment, that is, the nickel
hydrogen battery 8 is directly coupled to the feeder line 5 without
resort to a charge-discharge control device. The nickel hydrogen
battery 8 has its positive electrode side extermz2l terminal
connected to the feeder line 5, and its negative electrode side
external terminal connected to the return conductor (rail) 7. That
is, a pair of externmal terminals of the nickel hydrogen battery 8

are connected to the feeder line 5 and the return conductor 7. As
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5 at an internedi ate point of the substation 9a for

electric railway 15 and the substation 9b for electric

railway. As for the electric power storage and supply

devi ce 10a, the nickel hydrogen battery 8 is directly

coupled to the feeder line 5 @4 a position closer to

an end portion 5e of the feeder line 5 fromthe

cl osest substation 9a for electric railway to the end

portion 5e of the feeder line 5 or 20 at the end

mpotidmed Se afhet Merbeegdesfdrirnd Burbddinkhe, ekRet hidkel hydrogen

rai |l way power-supply systemof the present enbodi nent

hﬁﬁ?@?ﬁ;%?u@ﬁa%knﬁﬂ gﬁi%ﬂﬂﬁbﬁeﬂﬁﬁﬁiqnégéﬁer%&abJ@ﬂp%mwﬁhe Soc, and
Sener e in the el ri.c_vehicles

PR R 1 Ot h e ek o rh‘i’id%g‘%ew% b§{1$ e“rfy Cén '8 couplea

dipséall ed e Eheisl echd i aReWele 250 8L0FERERRE BUPP! Y
devices | 0a and | ob. The electric power accunul ated

in the nldheleh@mﬁn@ge@obattetqma§e|ansuppppkgioev1c=s 10a and
pgaprlatel to the elg%ﬁrlc vehicles Ila, |ib, and
1IOB GepBRAPHYS ofit t Re fleﬁ’@% SPARRE of TPPe theegaFd of the
[ t
HEN st AR b i Age £l Wificre

gbhendnisek ekndytae ogiikeb abhyd@iogeh Goat8et-ed ke oel t&ﬁ é&éctrlc power
power storage and supply devices 10a and 10b, the

spovRIe | andd| SERAY g8gvieasm 10ve andkElb hamh o@EreréYt eoyplgd to
into the,. feede decllge of the feeder

PP ot dgE ?ge%cpg Sodite B e £PBGFL jpsition
oEun&léﬁgsm%stfahsoﬂéﬂdbé{' dual &l esh&l Cch\éehf%d§§ 5.dde 40 yore

decline of the feeder Iine voltage can be prevent ed,
spadifitelly urni nhepetédantianpevef stbeadd ecly istpyBhiddvese 10b,
I s guaranteed, and inconvenience in operation of the

tBRt ke | BripRen \Fé'ﬁtemsfS dgndieectiy grypded A therfeeger line

t tlne 0 eratlo ege era ive po

= 8E i Thr@imnSReL SO0 & LSS BOHRE sttt iy
288 the debsrheksl dy Cﬁ&g@le@@fﬁcerfélgwé}n thgs ef%tt{kiec electric
power supply and storage devices 10a and 10b, the

pnwe:katdwgecg@ slugp];}erc;evace sleharthedniched hetiexgh battery 8
of the feeder _|ine voltage S suppressed As a result,

lFeﬁe??&t&Yl%iﬁlpﬂﬁ‘iilttﬁé:hGr Lerdeer LiRo b PEsacapsifdon closer ' to an
eﬂaeﬁf&.@l%g 5@% tt‘_l?lg feeder line 5 from the closest substation %9a

for electric railway to the end portion 5e of the feeder line 5, or
at the end portion 5e of the feeder line 5.

In the electric railway power-supply system of the
present embodiment having such configuration, the regeﬁerative power
generated in the electric vehicles 1la, 11lb, and 1llc is accumilated
in the nickel hydrogen battery 8 mstalled in the electric power
storage and supply devices 10a and 10b. The electric power
accumulated in the nickel hydrogen battery 8 is supplied
appropriately to the electric vehicles 1la, 11b, and llc, depending
on the voltage state of the feeder line S.

In this configuration, when the voltage of the feeder

line 5 becomes lower than the voltage of the nickel hydrogen battery
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runni ng energy of the electric vehicles is not spent
wastefully. 15 Herein, the feeder line 5 itself has
its own resistance, as when beconing nore renote from

t he subst at
In other wo

i on,
rds,

the voltage decline becones |arger.
when the el edtOric vehicle running at

a point renote fromthe substation accel erates and
consunes a | arge anount of electric power, the voltage
decline 20 increases, and running of the electric
8vihitheeclmpfrive piverusbeigeTandt flordgndevicgs Wre@ndhelb, the
el ectric_ vehicl

PP & sé‘H'SS

ler at f eed | t
By EFed T BiohcPART VB BTRETYAD (e Che

fééd@?c 18 194 RRci fel Yrapee ﬁed&?el:frée%kégbn?s SuphPEssed.

vol tage el évation of the feeder line near
aeleaesult,vehbdblesgénearainting ¢h ehéSmchg:edeataluetmv@émcles

tends to be

| ar

dpedgeferiime af

red w

T eRe AT T o

gsr than the voltage el evation of the
Epé@?@@@ﬁ£@?o§@¥uﬁﬁ the RUBFSEERIteH agnd the

(H185ch 58 gy g mnd Ty SS )

1 RESHES dridel %abp@fath@)nt 6@ Eﬁél éﬁ@%e Qbcthe Blifredefan be
line 5, and the distance fromthe substation to the

aebigletlr i chEthevetitcltbe thmd i geveratipnede rneedneratlve power,
enbodi ment of the invention, in particular,

lEl €& (fPEIPoveresTOTEgE BRITSUSH FioR\VAREE TR V&tlr&ag?—o?ﬁ the

d b
20R1, BohALA0DELIC] LACLWOSIOLLOD SARNdIE and scorage
dé*ﬁidelsah.0£rﬁi1@ﬁ.0bhetﬁé’ agkke Ashyirogee st dtery he 1H dhangel, and

between the el ectric power storage and supply devices
elemtand ¢birhendeefier eliowt rﬂfpét@%iies BRESESed. sehs a result,

relativel
rEYRITR R

degflvrvleee %c%’lmbesét ?Lglargoenrs. asf %gHI L evgdrdgndwl'?fne t%e electric vehicle

effective to redu

orter, a
S0 TS0 e B e T R e and the
rliho8kndAe bt r&eoéléa&ge%%egeé rl%&@%peat Cvtfa%ltefuny
hydrggen batter

f eeder 10u¢taie, vehd dgedat ltile 6i Mesedff bharigisngwofreshetance,

nickel hydrogen battery 8. The el ectric power storage
agndhsn p|§|e9OTEH]é"sSH ¥ e frsp nﬁ? bESESEH edthe Voltage

y 8, or the voltage elevation of the

running at a point remote from the substation accelerates and

consumes a large amount of electric power, the wvoltage decline

increases, and rumning of the electric vehicle may be disturbed. To

the contrary, when the electric vehicle decelerates, the feeder line

voltage is raised by the generated regenerative power. At this time,

due to the resistance of the feeder line 5, the voltage elevation of

the feeder

line

near the electric wvehicle generating the

regenerative power tends to be larger than the voltage elevation of

the feeder line at a position closer to the substation as compared

with the electric vehicle, and may result in regeneration failure or

other problems.

This problem occurs in relation to the resistance of the

feeder line 5,

and

the distance from the substation to the electric
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required at all sections between substations. For

exanple, if the 15 distance between the substations is

short, it is not necessary to install in this

section. At the end portion of the feeder line, it

may be installed as requiredsiand it is not necessary

if the distance between the end portion of the feeder

line and the substation is short. 20 As far as the

el ectric power storage and supply devices |loa and |ob
vearielenst ahl eoe sdcopdwerefiearbedr emogtimest dofe e anvention, in

trouble at a nearby substation, the electric vehicles
PRy CHERTr | 8N SLECEICh @AreES t SEORoANB Y SYPRLYs GPL§eSfl0a and

ower. f.rom-th tric power t or age _and _suppl . 3

1 e%&:’ e%n%o%lgﬁd ob. rééosvv%s,ta? or' g'c%s I%?t 5% r%,b\é]i%tlon 90,

o heea@l ekl ke PRWAT B 0FAJENENTHSUBP! ¥ndeyt cag 1acRNd as o
|l ob may be wutilized in place of the substation, so
reshdt, t hiee slilsgbate dretwagn behe gigetrimipmivenasiomagy and supply

st.oppi ng the functioon of .the substation tenporarily. .
d le %\‘% %alu?a?ew FESVSFECERES STBEELET THower {rorggrrively

s%cg?eysﬂ aéiapgkyig%\fkg@agg@% %qitu%gbtﬂaﬂmf?éi%g% %&egﬂe voltage

ween substati ons, Interva
dedlbaé abif otsie MEpetier exfrendad, ciendeine suddieha®ding from the
substations may be curtailed. As conpared with the
niggkeét PY@rodsowedrt st 8ge Canfhs upplipdge ¢lees ipDacinghe ofseder

conmposed of the ni.ckel . hydrogen batteries.8 he
LEBNTBTERE 6 COR(IOF Phe BURTR T on o S R oHeHigEe battery
gFurther, by abandoning the existing substation of the

track, electric power storage and supply devices 10a

and | b neye beledcnst apdved, sandagdeavhcatpdy| dedidmy doe and

utilized effectively. Thus, the electric power

16k grxg&carBSRUPSHy PHelARe SUPERERIS| 85 Regliped, vzl g not
SARELA A S8 O LIS SMIRAL] o] S BOOUEL, 16 <o
I RSHES SpAWIRADRASS I alsBt iest @f dHBec el ectid GidtanbMdysary to
power - supply systemin the second preferred
ingthodi pertisf sedfdonnveiit itha end portion of the feeder line, it
may be installed as required, and it is not necessary if the
distance between the end portion of the feeder line and the
substation is short.

As far as the electric power storage and supply devices
10a and 10b are installed, if power failure occurs due.to a trouble
at a nearby substation, the electric vehicles may be driven to a
nearest station by the supply of power from the electric powex
storage and supply devices 10a and 10b. Moreover, for a short time,
the electric power storage and supply devices 10a and 10b may be
utilized in place of the substation, so that the substation may be
under maintenance by stopping the Zfunction of the substation
temporarily.

When laying a track newly, the electric power storage

and supply devices 1Ca and 10b may be installed between substations,
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15 was conducted. Figs. 17A to 17D are di agrans
showi ng the denonstration test results. In this
denonstration result, at a substation for electric
railway in a certain double track section in Japan,
for exanple, the nickel hydrszgen battery 8 is
connected between the 20 feeder line 5 and the return
conductor 7 so as to be connected in parallel to the
rectifying device 4, and by stopping the function of
abd eehsu bhstatvad npetiveen eduictat torpowey st exageisaln dasd plkey nurber
devices | 0a and | ob having_the nickel hydrogen

OBaFPJ%T’L;P‘-E}OT% RedoasCEfeitedt @i CompmEd hethaphei eyectric
rt @%83‘?%%0%50?%%@ ddéx'} cre%g?to%er e liBBl é( 22 dgvu_c %g’fi nickel

a an i'ns n an val

hydmeagear dhbadiesNer vak ebnsuhstabh 0&§sd Soft aﬁiae%ubg’aatlon is
this demonstration test, the vol t age specification of

trémerfioesier HUnmbﬂrsliéeﬂxﬁrﬂmuﬁqImhesgmaBGMDQasmbﬁuatmén of the
th kel . en batter [ 12.5 V and 800
e R et e G Sy sawsqe&t 308 b may be
Qg%dhyaﬂ{dogﬁ@ %&g&h& veBONES g 4 %f?eg tmﬁ Thus,
er {ine connected to e Yri'c Vehicle cabl OF

théeelgrtric apcmeandstbh@;éicamm}tg@pmy a'ét&cﬁtkaeé aydr 0gennay be
battery 8 used in this test is conposed, for exanple
uged sﬁ%mﬁul@&ﬁ:lwees 2f01bytr@ebnﬁ@aq‘qaﬁgon,f owriainiiss BAved §p the

aral l el e the units 8Ato 8Dis 5
b PSP dp i thodul es of 375 v and 200 An
connected in series. Each battery nodule is conposed
of 30 unit batteries connected in series. Fig. 17Ais

2a (eagnstmashowitegt | xaéulcar rent - vol t age)

characteristic of the nickel hydrogen battery 8 from
5:00 to 6ROGEPARSHBLiPR &BFRI 1§ OF°t Helagayief rRhbway power-

gLl on tsst éég tam.sh
%&2@3&%“ StTC o tsﬁgé3 ﬁ%eflgrﬁéo "ébr?%ﬁgﬁter ?/IW é:h%f F‘g‘r{?ntlon
w8 0Qchaudtdd) of #ik@ . saimn day EVIQ a%ZC dﬁg@aﬂé atdrAfing the
showing |- V characteristic of the nickel hydrogen
deeanseryt®rf resh 7e0@ltso 8: 00 of the sanme day. Fig. 17D
s a dlagranuiupmnégkl -V characteristic ,
onstration result, at a substation for
electric railway in a certain double track section in Japan, for
example, the nickel hydrogen battery 8 is comnected between the
feeder line 5 and the return conductor 7 so as to be commected in
parallel to the rectifying device 4, and by stopping the function of
the substation, the electric power storage and supply devices 10a
and 10b having the nickel hydrogen battery 8 is used as the test
unit, and the capacity of the electric power storage and supply
devices 10a and 10b installed in an interval of two times of the
ordinary interval of substations is tested.
In this demonstration test, the voltage specification of
the feeder line is 750 V, and the specifications of the nickel
hydrogen battery 8 is 712.5 V and 800 Ah. The rectifying device 4

in stopped state and the nickel hydrogen battery 8 are connected to
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15 of the nickel hydrogen battery 8 from8:00 to 9:00

of the sane day. Herein, a negative tialue of current

i ndi cates charging, and a positive value indicates

di scharging. In Figs. 17A to 17D, the I-V

characteristics are shown byp3straight lines (e) to

(h) , and the straight lines (e) to (h) are 20

approximately V = -0.051 + 752. As known fromthe

denonstration test results, on the straight lines (e)
the fawdert hind mameated eyt stlaweic svaltole Gabbe forThHée up-

hi ghest. vol tage was, 815 V, and the_ | owest yo|tage was .
SR IR TR e (g e i g Ko e g SRR

lin g 5 reafian :
o BRGNP 0L RS 25 YA g gpecins
fand uht td saheaced conbaramelt hakadthenpovereHeeanimg 8a to 8D is

facility by nickel hydrogen battery g;% be used in ,
ceinpsed obf al uprittary oredwes| ofy 3735 Buapar3P3@hTigernected in
electric_rail ower -.suppl.y systemin the.s d,. 54 .
SEH6di rreﬁ?cé}’ofg\%\gcee n\I/ng%liJ%nllgs cO %%dedo%yggoﬁ%??nggttenes

cdhe-nbgkel sediydrogen battery 8 directly to the feeder
[tTne 5 as sane in the first preferred enbodi nent.

Accor di ngFig. alveer ys expedsioremc herogeng diIs¥halcgerent -voltage)
control device such as_bpoosting and step-down_chopper

Caras L ABiStHE cdfe Aot RLRESL BYShRITie DR Gt fir @O 5700 €0 6:00 in
o5t MREELE AN ey IBNURACLUIL NG, 608, I8t duged. 1A 1o &
addi T ron de ay é:ueto

ion; ere is‘no opera

achsgesghaelar 9 Gerhedrigeveces adnt Be1quyekodhabgerery 8
di'scharge characteristic is excellent, and the feeder
fromeé : 001 tcae00 cdn the ssmebiihy zedigsSt11d imopr eliagfan sdowing I-

boosti ng and step-down .1 h er used as
VcHhgrget 'J§€ﬁ‘ér%€ t@&nﬁ%}fe%dgvgg&e@aﬁ%%e%’mst fEd" 7:CRet 8:00
ES.,00 LisSk OGGUrr . Of ' ' Ay N
ohPoll gheedl Dol SR PEAEM bplee M SBtpriacic
ohytheo getkdlatarygeh batthmest Eyom coupl ed $:@0t be fleedeare day.

line 5 at a position renmote fromthe 15 substati on,
Hexrinex ehphegatdvearvalie eqfe drarenpoiiwdicites supdPaRyonand a

positive value indicates discharging.

In Figs. 17A to 17D, the I-V characteristics are shown
by straight lines (e) to (h), and the straight lines (e) to (h) are
approximately V = -0.05I + 752.

As known from the demonstration test results, on the
straight lines (e) to (h), the intermal resistance is about 0.05 Q.
The highest voltage was 815 V, and the lowest voltage was 637 V, and
even in the morming rush hours, at the feeder line voltage of 750 V,
the variations settled within an allowable range of 900 V to 600 V,
and it is hence confirmed that the power feeding facility by nickel

hydrogen battery may be used in place of a substation facility.

3. Sumary

The electric railway power-supply system in the second
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and anot her substation, or at the end portion of the
feeder line 5e corresponding to the term nal end or
the initial end of the track, and the electric power
storage and supply devices 10a and | ob can be
constructed. As a result, at>54 position renpte from
the substation, 20 it is effective to suppress
significant voltage declines of the feeder line

caused by the resistance of the feeder line itself or
e“&?@@lév@tatqfontléﬁ eretipe Qéhlcé,q“@@%dan}éﬂ REVRLifgi e nickel

grlor g 9f recggect: gﬁ es ¢80 D€ o e dn the
Sg%t Wt%o C Fef]ff' ?n Tu I%’?ﬁl fl
fﬁlsecyéf:e&sal &g mAhe | heAc%mﬂ 1B, abYeSYPRERSSIAY dRirge-

significant voltage elevations of the feeder |ine 5 by
dirseparmer atnveol piEvere geust aise dhoabtirye andneted-down chopDer is

decel eration of electric vehicles, wasteful_ spending
N PERTISOng EREY gfNef SBEEER r SETVERIE oS diéphitied and the

ma[n%@g&‘?&%% OE‘?Jta':hs“ &%g?ésetdoé'pg%he% gﬂgﬁ ??b gﬂ‘&eb%so po, gperation

suppr esse i ment

adiayeatd o, chArgs3QliblgRjeeebhtioll Akl ey, ROMEFnsS WRREY charge-
system the nickel hydrogen 55 battery is installed

digchatee shbseatddstiorielecelient.aidndayhe | feades lseedrmdtage
fer .enbodi ment . the i nvention n the electric
%% P ppl S iy (BRE e KRy iR Stas donn
r n ghéygger [ a
sfa%i?éé(% %r%g%%efgiﬁg rail Coglg%il'hg?&l% ﬂ:a%}"eoe omiteed,
tl{eﬁ“éali.$Qﬁb afiskhef no@diﬁirehcyéjrmeﬁrhaﬁcemlsé wtdich may disturb

particularly specified. For exanple, one nicke
theydiggdndgataery may be installed at the substation

or electyleotalluay, and ober - ALokel DO cirecery

c&g@eé ubst athonsEQlerel ectd i 6 rad | wayposlgl&md 'ﬂ‘éﬁl&ﬂ&al from the
Applicability The electric railway power-supply system
susvatigprt, h€ornieghrgblehy ditogen ibadtredyand p:hatl pfZent Eulpstation
IS preferably used as an electric rai

anih REPLRETp SHYS ¥4 eBm Fadth §ha ?‘Fch[P@Ft%%Péggpﬁ fpmder line Se
c&%g%%ﬁéﬁg bs istabledAtnd SUPSLALIOD; IO Rl 66t LAL track,

and the electric power storage and supply devices 10a and 10b can be
constructed. As a result, at a position remote from the substatiomn,
it is effective to suppress significant voltage declines of the
feeder line caused by the resistance of the feeder line itself or
acceleration of electric vehicles, and the running performance of
the electric vehicles can be guaranteed without causing any problem
in ruming of electric vehicles.. At the same time, by suppressing
significant voltage elevations of the feeder line 5 by regenerative
power generated at the time of deceleration of electric wvehicles,
wasteful spending of running energy of electric wvehicles due to
regeneration failure or other troubles can be suppressed.

In the £first preferred embodiment of the invention, in

the electric railway power-supply system, the nickel hydrogen
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Moreover, the electric railway power-supply system

havi ng the nickel hydrogen battery of the invention is

preferably used as an electric railway power-supply

system having a nickel hydrogen battery to be

installed at a position renotsé froma 20 substation

for electric railway. 56 ClIA= 1. An electric railway

power - supply system having a feeder |ine connected to

a substation for an electric vehicle for supplying 5
battgiryets -icgrakbiad povige fuoghathensidseaedwric railway. In the

conprising: a, nickel hydrogen battery, as a. ' _
SRRFECIRIEHFFET & Fet ﬁ%vve\‘-h? acPYFiy nhileh F¥ electric

; ed. djt.e o] eeder. || 2. ect {i -
ey e e S et em Te be Tet al oo 0 PRy is
irgathst ad i ot her elogtt idnC thath | MRy stisstafion fAora8sd @Rl railway.

for receiving power froman alternating-current power
Theity ciift , the riesarign ngf déhec entdgpedtsigogen t hattery is not

transforner, and a feeder |in connected tq the
oA Py ReS TR ot SRS Bk drhs fyginoen batcery
mBRAeL Vst @B & AT e6d -Gt M e lrect £l &orykis POM&Ey, and other
ffacility, which is coupled directly to the feeder
nidkeé. hdrddee ehewdnies may [heayinstoableds wopbyhay gositions than
according to_ claim 2, wherein the nickel hydrogen
thea FHRFAGT AR I §18FCYEa%t 1 18Re - battery nodul e, and 20
the battery nodule is structured such that between a
pair of opposite current collector plates a plurality

Tfustuinhl Bptieiestypavi ng positive el ectrode cells and
negative electrode cells partitioned by separators

are st ack@ uplsc-tihatrailsay pgsivelk vappllgctaysten célalving the
one_of the adjacent unit batteries and 25 the negative

DERELt YRR PabFSh&Tother 18T HE adf abetit it used as an
AL S s, HRgRE i vema e Ahage MLy s
batketydty ibdi Ngstsal bd ket weamstthei ook | acele€ aaleaeel |
Moreover, the electric railway power-supply system
having the nickel hydrogen battery of the invention is preferably
used as an electric railway power-supply System having a nickel
hydrogen battery to be installed at a position remote from a

substation for electric railway.
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of one unit battery and the negative el ectrode cell of
the other 30 unit battery is provided, and 57 the
common current collector has a communi cati on passage
of heat transfer nedium nade of gas or liquid. 4. The
el ectric railway power-suppl yésystem according to 5
claim 3, wherein the comon current collector includes
a porous netal plate. 5. The electric railway
power - supply system according to claim3, wherein the
common current collector iAetd@es a netal plate 10
provided with a plurality of comrmunication hol es used
as comuni cati on passage of the heat transfer nedi um
6. The el gctriy i = i g
o ol ai m her ol e R RO Soen e cargy Rdrecaer
lime ladbasctaid teastsubseatith bat tzer glemaikevetardet frr supplying
battery nodul e includes a plurality of unit
a prditresE r egreph APVEhi Fropathe rehtt inie sCPEatEiRFraped
positive and. .negative el r ode rrent._col | IS .
whi ch ar eap%%kle e %Oﬁoe%i ?%#%/e 20%# oaeg%: ecgt ﬁg%,te%g electric
At ori i, spesedi » %ﬂﬁﬁéﬁ theeposi tbVenelkesdd0dene.
current collector and the negative el ectrode current
collector, and a positive electrode cell contacting
the positive electrode _current <collector and a

2negat i ve 8T eRt§0HEC CEHIESNPATT TgR e WEGER i o Do installed
iﬁl %ft LQ4e cuLl ent, C@géﬁ&tigr ’r%%.wé}heﬁﬂjvﬂéi! LU QEHAEr  for
at & that * the p

efies are stack up so itive
r@&ﬁe;tihgdep@é&r eftonC Obheciierpht ORpe catrdrite gopa@cer’ircuit, a
uni t atteries is opposed to the negative el ectrode
recrifanng caviget sprmgcteghgoother tipmistopmn. empd andegden line

nmuni cati on passaqge_of heat, transfer, nedi umof gas 30
COIHSERE G 00 preou LR D Be i CHETHSEt® |y adj scent
unit batter h?é{el5%ydrogen battery, as a direct-current electric

power facility, which is coupled directly to the feeder line.

3. The electric railway power-supply system according to
claim 2, wherein the nickel hydrogen battery includes at least one
battery module, and

the battery module is structured such that

between a pair of opposite current collector plates a plurality of

‘unit batteries having positive electrode cells and negative

electrode cells partitioned by separators are stacked up so that the
positive electrode cell of one of the adjacent unit batteries and
the negative electrode cell of the other of the adjacent unit
batteries are opposed,

between the adjacent unit batteries, a common current collector
plate serving as a dividing wall between the positive electrode cell
of one unit battery and the negative electrode cell of the other

unit battery is provided, and
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7. The electric railway power-supply system accordi ng
to claim2, wherein the nickel hydrogen battery
i ncludes at |east one battery nodule, and 5 the
battery nodule includes a plurality of unit
batteries, each unit batteryShHas a structure in which
a space between pl ate-shaped positive and negative
el ectrode current collectors which are di sposed
oppositely to each other is filled 10 with an
the eermony FergFitutdodAecPpIhasald t§omBENi¢RE1ppsPapsAge of heat
tele%trod .. Sheet s €re dis§S§ed fromthe positive
iR ind {edd t O ¢ FHett or'TtBmar d t he negati ve
el ectrode current collector and a plurality of the
negative el ectrode sheets are disposed fromthe
anegati ve Tied eclaantéc cutt bty quiweeesplyyoveysdert haccording to
ositive electrode current 15 collector so that_ a
c t}vedhsredtr R SHERN HAVIRGT a cpOIAYe ingldesr gdeporous
mgﬁiﬂé?a terial and a negative el ectrode sheet having
a negafive electrode active material nmay be assenbl ed
alternately, and a separator is interposed between
each positive el ectrode sheet and each negative
Sel ect r odeT=heelsct2ict eiplayr apiwey-sfonlyi tsylshen epfewding to
are stacked, up.so that the osii've el ectrade currgft
plate

CLoH et BIFTEH O GPEHE CHEf Fe P HTCT HATLERT & S
pPRRRRAM L he, heg ;&f' O 1 0GBl LANL, COLLRAL! Oyl a5

e other unit battery, 'and a corrrrunication passage
cofmbreait ichapsd e el it Béatgagansferomhedivgui d i S
provi ded between the nutually adjacent unit batteries.
8. The electric railway power-supply system accordi ng
to claim,6 or ereir a conductive heat transfer..

7., Wh
plate havity StSHRUN CRETEN HEMEE PR Ke YShAINFCAT BRI t°
: ' ¢ : o g _
Passage pirdibe cheat; 3Q1t K o aggﬁt%ékg‘g'ﬁciﬁlﬁe%r Ledieast one

et ween one of the nutual unit
bhatdrer ne®ilandcaridhe ot her unit battery, so that the heat
transfer plate contacts the positive electrode _
current cH edBSEeBf JMEUA| t includes a  plurality of unit

batteries,

each unit battery includes plate-shaped positive and
negative electrode current collectors which are provided oppositely
to each other, a separator disposed between the positive electrode
current collector and the negative electrode current collector, and
a positive electrode cell contacting the positive electrode current
collector and a negative electrode cell contacting the negative
electrode current collector,

the plurality of unit batteries are stacked up so that
the positive electrode current collector of one of the adjacent unit
batteries is opposed to the negative electrode current collector of
the other unit battery, and

a communication passage of heat transfer medium of gas

or liquid is provided between the mutually adjacent unit batteries.
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battery and the negative el ectrode current collector
of the other wunit battery. 5 9. The electric railway
power - supply system according to claim8, wherein the
heat transfer plate is nade of an alum num plate. 10
10. The electric railway poweB-supply system accordi ng
to claim6 or 7, wherein between one of the adjacent
unit batteries and the other unit battery, a
plurality of conductive nmenbers are inserted so that
each conductive nenber contacts the positive

el ectrode_current collector of one uniit battery and

7the negatiffe TELFLTCt FOUERURNRT TEPLECSFETR ~ ffPrding to
-her upi t Yond j?ﬁ:tcgé gggggy}i-' pass

C%%ﬁ%gfng%£§§?ME§%Igﬁgggfﬁ he agjacent u%?%i gt?gr%%%t one
baitdr{ hedatserandnit battery. 11. An electric railway

power - supply system conprising: 20 a feeder |ine which

i s coupl et o LRTEERSt ACFBHE f oFiNdes ecd r i RLUrReREXE| 0 unit
bﬁpdrrgceives a direct-current power fromthe

supstation; and an electric power storage and supply

devi ce hayjdpg @it CkfherPydrooen batielye WHCKBEALt BE space
ni ckel hydrogen battery 1s directly coupled to the 25

béteeder piate-shmebd heoelteicker i engoweegedtive agelaridode pptyrrent
device is_npstalled at a different place fromthe

CAPACTES tHE CEUBSE af - BrPSeH2 CPRRE ¥ ttPi E3FA| Pl 1s filled

- I t ccor di . cl aj 1 rein
WP SO R B AGEDL S Bllich B pofELE Brpprrode
stk ebye Btk edafido® Ochd hphatiterydameble tsrent collector

structured such that between a pair of opposite
toardehte cudasiveorelgcared upirentl ¢ahlegtor amdt 2 plurality of

batteries hay&gg ggsit'xe el ectrogde cg%#sfand negative .
Y ePEFBIEC T PR | 16T ByCsé For s T&PB ck@gparive
eﬂa%.t:?@dé hal e BoPRsichiv ‘on%ﬂt RAGLEH vOf e N8 8 thGrent

adjacent unit batteries an
collector so that a positive electrode sheet having a positive
electrode active material and a negative electrode sheet having a
negative electrode active material may be assembled altermately, and
a separator is interposed between each positive electrode sheet and
each negative electrode sheet,

the plurality of unit batteries are stacked up so that
the positive electrode current collector of one of the adjacent unit
batteries is opposed to the negative electrode current collector of
the other unit battery, and

a communication passage of heat transfer medium of gas

or liquid is provided between the mutually adjacent unit batteries.

8. The electric railway power-supply system according to
claim 6 or 7, wherein a conductive heat transfer plate having
communication holes in the communication passage of the heat

transfer medium is inserted between one of the mutually adjacent
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the negative electrode cell of the other of the

adj acent unit Dbatteries are opposed, between the

adj acent unit batteries, a conmon current collector

plate serving as a dividing wall between the positive

el ectrode cell 10 of one unbB® battery and the

negati ve el ectrode cell of the other wunit battery is

provi ded, and the conmon current collector has a

communi cati on passage of heat transfer nedi um nade of
urgasb@trtqual@nd the 1FheThanidl decreny r &0 Wp the heat transfer

t d | 1
D E R e i BTk O G1ehr et i il fbiage wnit
bt BLE - ardd oD ena ‘é‘EJJ 'éleE@Hx‘i@ymE‘%\éﬁ{ SUPRLYoSYSE ee other

acco dlng to claim 12, wherein the common current
wrcial beedeaty . |ncludes a netal plate provided wwth a

plurality of comuni cation hol es used as

communi cation passage of the heat transfer medium 15.

The el ectric -S _ tem dj
925 claim TE RETETS PRERYcial byt tn et ter brting <o
cldgl L@de%;hét»eir@a@te ket Q@Eﬁ@fék rpduke i sapgdsd her bétlt §11)fnlnum
nmodul e includes a plurality of unit batteries, each

platet battery includes plate-shaped positive and 30
negati ve el ectrode cu=ent collectors which are
provi ded oppositely 61 to each other, a separator

1 4li sposed het ween. the posjtiv eQC%,gJ%(igr rsggﬁxn%‘ngccordmg to

col l ector "and the negative~el'ectro

cXhl ec0r;, aRskeia pasickhvenelFcthodgijaedht eant asitdtagies and
the positive electrode current collector and a
theegathare aiidct pyderzel B cor@ditng of heeonggeitivee megbers  are

elect ode current collecto t he uralit f unit Lo
(50 it AT e T haeoe FOSiAGe e positive
eféc%%&%d&ﬁ*é&e%lfﬁétbﬁ%ﬁr b QRS Obaddy Q{n&cﬁﬂé negative
unit atteries I1s opposed to the negativ ectrode
epdtti-edd cahrkact osllettor of the other unit battery, and that a
communication passage is formed between one of the adjacent unit

batteries and the other unit battery.

11. An electric railway power-supply system comprising:
a feeder line which is coupled to a substation for an electric
vehicle and receives a direct-current power from the substation; and
an electric power storage and supply device having a nickel
hydrogen battery,
wherein the nickel hydrogen battery is directly coupled to the
feeder line, and the electric power storage and supply device is

installed at a different place from the yard of the substation.

12. The electric railway power-supply system according to
claim 11, wherein the nickel hydrogen battery includes at least one

battery module, and
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the other unit battery, and 10 a communi cati on passage
of heat transfer nediumof gas or liquid is provided
between the nutual |y adjacent unit batteries. 16. The
el ectric railway power-supply system according to
claim11, wherein the nickel doydrogen battery includes
at |l east one 15 battery nodule, and the battery
nodul e includes a plurality of unit batteries, each
unit battery has a structure in which a space between
pl at e- shaﬁgdhpogﬁnimeddhdiﬁegankmerﬁiewchddewcurrent

20 coll ectors which are di sposed_op 03|tel to eac
betiReR BsPRHY 196d SRPPH-Sn c@Pé%%trcﬂ 9 g aapluralltﬁ/' of

r fo t ct he r
oA s S eceilrg%?feo%ur LLELET S, parecive

elawabde tded 1B egati vV eortle el I sttraubre RireC std@etonp @a;d that the
plurality of the negative el ectrode sheets are

p@ﬁi@é@gealeﬁqtmﬁ@ heelHeqdt ione 25 &hecadirdenturhigntbatteries and
col | ectar towar It el ect.rode cur ent

&) PR SRR R (b s cPrife Sheshehnasiagmy it
b99§&gé¥quee&§ggggde actlve naterlal and a negative

el ecirode sheet having a negative electrode active

bamtseni alhet ralyadentasgeinth| st takies nad ekprmandewarent  collector

separator is interposed between each positive
p@f@cts%@élgsﬁée% BNgdinsh Ve PHUEER| W epettivsdelatieetde cell

o h%rt1e l lf)ag%él{‘% a%dec e é;egééf%fe' - QE t%%lj(L?d the other

€ posi curren ector O one

uﬁ&tmﬁgt@ﬁgagqﬁkwuagi sbatteries is opposed to the
negati ve el ectrode current collector of the other

thni oyt enyrerdnd-cB lacopnmias cat¢omupasssHge Ehssmm of heat
transfer medium of _gas or_liquid is provided between
EYISLRHTRGY Retackr®Suft t1 iR teri es.  17. The

el ectric railway power-supply system according to
claim15 or 16, wherein a conductive heat transfer

1p] ate havihg d-R@HBURRERIE NpdwireSubdlyt /stem according to
comruni cati on passage of the heat
claim 12, wherein the common current collector includes a porous

metal plate.

14. The electric railway power-supply system according to
claim 12, wherein the comon current collector includes a metal
plate provided with a plurality of comunication holes used as

commmuriication passage of the heat transfer medium.

15. The electric railway power-supply system according to
claim 11, wherein the nickel hydrogen battery includes at least one
battery module, and
- the battery module includes a plurality of unit
batterieé,
each unit battery includes plate-shaped positive and

negative electrode current collectors wb_i_ch are provided oppositely
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transfer mediumis inserted between one of the

mutual |y adjacent unit batteries and the other unit

battery, so that the heat transfer plate contacts the

positive electrode current collector of one unit

battery and the negative el e&irode current collector

of the other 15 unit battery. 18. The electric

rail way power-supply system according to claim 17,

wherein the heat transfer plate is nmade of an al um num
tplepcd open.9.a Hepachewt dispesdd wepweawerhes ppplyivey sfleprrode

accordin clajm15 or 16, wherein between one of

%\%@ﬁ?% A9 5Ret 8?$%§Veaﬁ%eqtl¥én%t RErethi ?Olle‘:to’-" and

b}%gstl%ﬁ*ye éﬁe@c#at 'ée\ﬂ. Ogoﬁn%azg E’?E‘{v% %ﬁgctr ecurrent

erted so eac er contacts t
cpOsctbveard el esnote CQIécﬁﬂ'bd§0bleBBt ebnfctong Whét negative
battery and the negative electrode current collector
epictrhde sternusiol lgeiarery, and that a connunication

passage igs_for.ned. bet e, of the ad nt uni t
batteri es" %c?%uﬁgho?%v%e E B’%ﬁ acked up so that

ti6d Qekit S ené&@bdeoee&eaup@&me%xee eip Iaﬁgl o9 t@le6§dj acent unit
substation for electric railway and an el ectric power

bstuepiys ared cppbsrdde dbei agatiler €lavtirbée subyseat iarllector of
conprises: a transfornmer for receiving power from an
the CEPRAIPAG- h%1€EVréﬁFipomer line, a rectifying device

connect ed tg LLansf gyag'g%%& a, eee g tl ' “ropngg_l&r? of gas

to the rectiT ylng evic rogen

oPalib@iy i@SploiideBChetiitichettie nﬂ@M@IlyS Hafédénﬁe&rhﬁ:ebattenes
which is dlrectly coupled to the feeder line, 10 and

the el ectric power supply and storage device includes

second_ni ckel ngro en battery, and the second
*19" ckel hyﬁ?eog% ject ilway power-supply system according to

claim 11, wherein the nickel hydrogen battery includes at least one
battery module, and

the battery module includes a plurality of unit
batteries,

each unit battery has a structure in which a space
between plate-shaped positive and negative electrode current
collectors which are disposed oppositely to each other is filled
with an electrolyte solution, a plurality of the positive electrode
sheets are disposed from the positive electrode current collector
toward the negative electrode current collector and a plurality of
the negative electrode sheets are disposed £from the negative
electrode current collector toward the positive electrode current
collector so that a positive electrode sheet having a positive
electrode active material and a negative electrode sheet having a
negative electrode active material may be assembled alternmately, and
a separator is interposed between each positive electrode sheet and

each negative electrode sheet,
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battery is directly connected to the feeder |ine, and
the electric power storage and supply device is
installed in a place different 15 fromthe yard of
t he substation

62

the plurality of unit batteries are stacked up so that
the positive electrode current collector of one of the adjacent unit
batteries is opposed to the negative electrode current collector of
the other unit battery, and

a communication passage of heat transfer medium of gas

or liquid is provided between the mutually adjacent unit batteries.

17. The electric railway power-supply system according to
claim 15 or 16, wherein a conductive heat transfer plate having
comunication holes in the commmication passage of the heat
transfer medium is inserted between one of the mutually adjacent
unit batteries and the other unit battery, so that the heat transfer
plate contacts the positive electrode current collector of one unit
battery and the negative electrode current collector of the' other

unit battery.

18. The electric railway power-supply system according to
claim 17, wherein the heat transfer plate is made of an aluminum

plate.

19. The electric railway power-supply system according to
claim 15 or 16, wherein between one of the adjacent unit batteries
and the other unit battery, a plurality of conductive members are
inserted so that each conductive member contacts the positive
electrode current collector of one unit battery and the negative
electrode current collector of the other unit battery, and that a
commuriication passage is formed between one of the adjacent unit

batteries and the other unit battery.

20. An electric railway power-supply sSystem having a
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substation for electric railway and an electric power supply and
storage device,

wherein the substation comprises:

a transformer for receiving power from an alternating-
current power line,

a rectifying device connected to the transformer,

a feeder line commected to the rectifying device, and

a first nickel hydrogen battery as a direct-current
power supply device, which is directly coupled to the feeder line,
and

the electric power supply and storage device includes a
second nickel hydrogen battery, and the second nickel hydrogen
battery is.directly connected to the feeder line, and the electric
power storage and supply device is installed in a place different

from the yard of the substation.



