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1 DESCRI PTI ON ELECTRI C RAI LWAY POVER- SUPPLY SYSTEM

Technical Field 5 The present invention relates to a

el ectric railway power-supply system for supplMW‘“'““‘“||“Il|“||||

el ectric power to power lines for electric ra

Background Art 10 Generally, 1a substation for el ect#¥¢°

rail way converts alternating-current power supptted- — —

froman electric power conpany or alternating-current

power supplied froma power plant owned by an

el ectric railway conpanyHSORDPTIIONeCt - current power,

and supplies to feeder lines. The direct-current

power suppl i EFHCERIA M BRI POWERSIPFSY paSEY t hr ough

aerial power lines, and is supplied into electric

vehi cl es by way of pantographs. O the direct-current
TROWEFa1 FieBUPPlied fromthe feeder Iines to the

el ectric vehicles by way of a third rail. The

el ect ri ¢ Trehimiesestpphivestiche yprlavesedoelaactaliectripovwedilvay

to a tracti on notor %rotary motor or |inear notor) by

¥ AF-ETelPFi 9 CHIRTBIC RAMEE e ERORAWEE Lpps for

efé@%rﬁ?qhﬁi yand the electric energy is converted

Into a'traction energy, and the vehicle is driven.

The anmount of energy consumed by an electric vehicle

varies with the running state of the vehicle.
Bgraepdnic&tty, the 25 electric vehicle consunes a

| ar ge anount oi electrlctgpmer i_n aﬁﬁhort tinme_at the

tine of a Bt oh. SASRHERBULPT EHECYIrt dgel wy F%verts
aﬁ%\ﬁﬁétlﬂgn@uﬂren'th Pids f§&9 e&Q rltchgo or
of the ~“feeder ne dr tenporar 0 Co

axmm&ntxﬁmpamaﬁymv@k@@@esugpm&ad ﬁnﬂﬁlivgnmeEa@&hhinwned by an
accommodating el ectric vehicles having a 30

elas§eHe ri@ii Ry ORI NinRd Idnr@%ttchlérm enoyenmmd supplies to
| inear. notorfor..11 1%%&%1Q;

LERHey 11T 1 11751 D

passes through aerial power lines, and is supplied into electric

wer supplleci to I:he geeder lines

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 comverted into a traction energy, and the vehicle
is driven.

The amount of energy consumed by an electric vehicle
varies with the rumming state of the vehicle. Specifically, the
electric wvehicle 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

|||I|I||II||II\I!|Ii||||l|||||||||||||||
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2 traction as a generator at the tinme 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 Bp 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 docunment 3: JP 2002-2334 A 10 Di scl osure of

traavian iasn aTaeharatdr Rtofhente ofeciprelerhtsionet and converts

RoFarira, PRt O tEFeEte %t%%:%{?%{%%hgbggga%g elestric enerqy
i B9R0°L8! PRy NGl | bl o4 A0S | Lg LLOLEDE BOUEE:c poer

|ne or the 15t ral I'né b

iseliellirzed powRNeeom folr ey itetponirt b@ltﬂg@cﬁfdp‘ of the supply
vehicle. At this tinme, if there is any other electric
volgdgel e running on the track, the regenerated power is

consuned this electric icle wever, if there
IS no cpcl%\é[F‘%?a |cHlae%tI &ét rﬁ@\?éh' ﬁlg%np‘t he track, the
regener atpadeft @FAhént20 . pcmﬁfzo'o% dghbzed to
tenporarily el evate the voltage of the power |ine or

t he thirdatant dopument G tIe 20bpez3z3dcapower wWiring in
the electric vehicle. At this tine, there is no
problen1mhen the .wvoltage elevation is small, but if

~.th gﬁg q%ion is large, troubles may occur in-
In%ﬁg? |on 0 ectric power facilities in the 25

nghﬁgkﬂjgnﬁgnhple or other electric facilities
installed in the railway facilities. In particular,

i f the elligatredovertetagéeetticegowet hgensirbhad ahd tiel tager at

of an electric facilit the facil ity may be 6 damaged.
they SHM%e %fucr?leﬁ%?ﬂ'aézﬁ'P%t hef el &t rqlc?cg’éwe VEBAFI®| having  a

re gﬂéx%%lvéof%cﬁl%% %.segé%kgnﬂ@!g&lﬁo&o@hreo'p%wgg line or the

uppress occurrence o
third rail to the feeder line by the electric power control device

of the electric wvehicle. At this time, if there is ary other
electric vehicle ruming on the track, the regenerated power is
consumed - by this electric wvehicle. However, if there is 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 vehicle. At this time, there is no problem when the
voltage elevation is small, but if the voltage elevatioh is large,
troubles may occur in operation of electric power facilities in the
electric wvehicle or other electric facilities installed in the

railway facilities. In 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 Iline 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
reguiecanel tieves percbetdsnd el usperd £ iad dvdlitage UNFHaRY 18NEeEgYlimit
Is .converted into a thermal energy, and is spent
R sicerneaFion:  Meseoweif | the vbledge pidsheapewsorline or the

d i [ nt-enance st iLs raised. 10 Accordingly, to
l%%evle%t # alérpeul S’e %bl%l’r g%’& n Fgﬁﬁrﬁ B¥haSs™ 458 nd%%é%ogeatmls
td Ostsend &Egeﬂéééfeﬂ@i&h%pglef:gficc&%(«%g IngstBerasiie, the

regenerated electric power into a thermal energy Sy a
regegiegabion Ifrilss alogeverr,oposede tevenAsbal lindRat ivrebk€Eailure

aving a capacity of converting the regenerative
ogoﬁﬁﬁé%ﬁﬁ??}QH'tEP B ISTGTIC UreERLepoet izRs 18 mechanical brake

b i.an, d - ti ) i nt .
rabvsiation aad iposonort dbescome il ve gover Lo

coRiet8dt i@ tBkeflY IePOPe sy SILBEROMANR 11y, At the

substation, or to use in the railway station
SR ILANE | éyakpaasit agoeomentantl dhs chdsesiaace cost is raised.
charging-di schargjng _ 20 device for an electric _
rail way haviK é:,jryelat’j”osp’é‘f'%}%'r FaLt @ ofc gRATragien it has
I i-pe . vel e oad of .
DT PR Pl Hrerparant By ekl s 5o hehpreing e
refjssetrasel aleeteiet pbeer riditbnayciRowas - Yoy Y @l stor. It
(power source facility) installed at a 5 substati on,
1% nawfe c PraprEcecte | EnPeldr &t olavprtdevilesih@viangeapacity of

condary .battery or.electric. double |ayer capacitor ,
P e T B “PATE o AT PF iy SRFISHC LS - Crrent pover in
acharges€ithapde eent eQh Levi o %g&l%%t% bga%%%knginto a

and step-down chopper. However, in Suc et hod 0
comgiemgizhe fregeney atll verns3Anghoppent f @oweONYEr treg@ri heo the

regenerative power into a thermal energy 4 '
electric power system from the substation, or to use in the railway
station facilities.

Patent document 1 discloses a charging-discharging
device for an electric railway having a lead storage battery
connected 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, 4i 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

bylcr uresastdr, thewesgsnerasiveotpower t sl dpenbewassedulhy an In the
el ectric railwa ower - supply system_ The reason is

MRERoFo PE oTRT AN | € egeNRRAME ROV RorSifreshe lacgEic pover
nt of electr.ic [ Lpjtjal peri.od of its
Saccg\ll e?gt iug'l}'llfﬁ\/\hlgr e%és)avgg%nelnfe%lrl }Lgi‘?/geh%’gl 3%%3 [ ntghea Hverter
ifegened abtVvehef UnektOtLgeneiraeq, athar Gegan®tHMivef power is

regenerative power in an initial period of its
utdcekrdr eftfieghivellyer Bfioran exbensiver Ageetimirt ésyneddedbeand thus
connecied to the electric power supply systemis
% SF?% % 5°9'% *Ravee B suf fi ci ent charging and
di schar gi fig. G@RaCHkab LARE Y ' LAt i |
of | oad. However, thebgea st ré%iglé§%?2$§¥%%%é? é%ﬁhﬁmt L
hhvawersuth sof f switedt tohaegiuwgdantd dhsehesgtirg waprgy t Yower-
to_cope wth sudden variations of |oad. Accordingly,'l
SYEPLYt i vSE@™ t he TRR ageasdror iy eahafeeioysi n Froredgstoic ~ vehicle

regenerative power, a  rul-tiplicity of 20 |ead storage
c_“a%%“&?i %s#%@oylaﬂlo%t e edede ﬁe%cpég,c'eﬁ vast anIé%FlF‘gr pricd of
it sdcabh atdrann] swHeedss r 84 c1Eherthajgesl sehanges Chelative
device used in the electric railway power-supply

foydtiom (geosEatesor céafegrci Andwyit dbSclresetrativepapewdr in an
.doctnnents 2 and 3 is very expensive. In addition,

1iiEe PREOSS O sy SegrteRaigR: comersiotfeyithe Proysgsr battery
' e i a egenerat. ve :

o4 L SR Lhec G ARSI L Stz o

hirkd td1eguf fiBeerR0 Qs §indd NEhs t @1 HAWRH riN ORPAEI t5 €6b aSope  with
the charge- discharge control device may generate
serigepo VRxiatsone ohilsldmay Howvstrur bhe heagi ghatagtedateery does

S, Moo to be 20 supplied o the o
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 is poor in response, the suddenly
increased regenerative power camnot 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 voltage to be

supplied to the feeder line from the substation for electric railway



10

15

20

25

30

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 I|ine,
having its own resistance, i§ 5 acconpanied by a

| arge voltage drop as departing away fromthe
substation for electric railway. Therefore, when an
electric vehicle located at a position renote from

Elussuatesc dupc te avdmiag iossibsft atdcenved adteder aupgdied from the

running of the vehicle may be di sturbed by the

S RSt A ePHSp. COIB2RYir t REFTELy| RETARETR r @f efb? achagpe-discharge
o&lresl rdL-1 RO gqgggﬂamgkggﬁric vehicle at a |location
the electric railv

renote from way station, the line

vol t age Busibes el weatredastiddienl YhByirdghe 8l 86t Mdsistance, is
power regenerated froma decelerating electric
aqpempatied dnd a | herdengvoldbge egener ati departigi lamwag dfrom the
sregegggat%gn nE% occur. 15 The present invention is ,
HETFEEE t B of VESTHE aBVERY pr obPBFEIOZRd MheRs afengkectric

veM1cobi @6taddrerfof 4t %ogfﬁ.'ﬁgtr&ﬁtgl ?g:gb{ni gﬁxgr ahLyway: railway

power - supply system exc nt. in rging and

- sutissehiorgiisg acegiathtyd Ancirhong | 6F COst veROE1d @@ HeNEidturbed

vast area for installation. It is also an object of
by pBeprdsage dPention to 20 present an el ectric

rail way RQVeL - sup, system capable of _ maintaining a
stabl e running pe %ﬁ e TOTEIBEITT CARSNTFLF PR Tpm an

eleckocat V@ d1emake o r o1 SHbSERHONE AN dc,l'ﬁmel%eg?fg NEsilway
the running energy wastefully due to failure o

staggenertde danervaliegki key 25 clechred atudSehiit ign the electric
achi eve these aobjects, the electric railway power-

PREHpFSPEFER R RAVT iy dechietedting \elasgerc behiets, @hdt himiting
PLe i t j.nc ckel hydrogen battery
o e B e S e S R BPR T Do ng
i nstal | edrten @resehst abvamtibar 20 @hrekhi ¢of adi1VBY the above
having a transformer for receiving electric power 6
Probgaman aadt &F ndg i PRACEU AN ePit] getwehexsafc tibt present an electric
nﬁctifyiQ%'devi e , ,
railway “power-supply system 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 system capable of

_maintaining a stable running perfdrmance 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, and feeder |ines

connected to the rectifying device, in which the

ni ckel hydrogen battery is directly coupled to the

seeder liners. Herein, being "directly coupled" 5

means that it is connected dérectly w thout using a

charge-di scharge control device. In the present

i nvention, preferably, a nickel hydrogen battery is

used. The ni ckel hydrogen battery is small in interna
Lropsi gt afteSITvang - qUATeR} t Rg¥er aciatiidns &heretbifying device

CO\I/]Ialriaet'ons f S,EI: 1 {_@etate 0 harge).,, and high in
R 19 t PP SRR rcap?&dtgc)e.e,deén&m%né%mﬁc'c@@nto the

i &P i hgi d ' | i
| REiEARPALeGLdl TSI nt A LEAIRLl NS BB L dgirecery

attery of a smaller capacity as c
cosptehdae ythbateedyr, hmdrst doesenn] beOM IeiMast]ar 88upled”
for installation. Besides, the nickel hydrogen

- mepRE LR it sfrlorneraforivRas Lyawt thausnesirks aanbhtdeedischarge

G&@ggﬂ%%ggégharge control device is not needed, and
space for installation of charge-di scharge contro

devi ce | IMN@heN8EESSR! Y vers {Ee £XRENSI V. -
charge-dischargg contr ol %g%?f% ?Eénot gibésxFﬁ%El frydrogen

baghery elseqgegnenthe sulckel iydrogen Buteeyets sidlgeihhenternal
ni.ckel hydrogen battery is high in volune energy

TR isf“aggey‘ nPLHRERd Vabistesnsadeg fer variations of SOC

(chBst ald éhéféki' ) Fubg gﬁrgghﬁ‘%v%!ﬁ :{rl&%gégi e”j;gﬁtf g;%{o#%fg, and

unl i ke t'he Thar ge- arge con
heaper ot | Gn Stel @ymedtull G re%€8) | @NteHd ARRLH 1ine using a
charge-di scharge characteristic. Still nore, 1 f the
baggenst i af an epr deAPRGhYpsr cwpdrad aithaogeer secondary
wadlscharge, cantrol_ device can be omtted, there is no

r S of o] cu C?eegnc%o"pf THAMTENi ¥2toi $EShhiterR rayptallation.
Be%ﬁ.ééé‘,r Q.hé r&%.c?de@;”ﬂd:%@&%tte elgn i mg%gtgae%nen‘gﬁlﬁtﬁ_ons,

attery is small 1 n internal tesistance,
ardothe ghavge i ditschasyet hentlvdeiidd @BSnef rS08ed aRddi {pd® for

. suited nore_than other batteries for suppressing
ngeRHatoBf of oFbage-dbscirgehargiyng fdsonre hésniokehecessary .
Siﬂ&gﬁﬁg%ﬁ?gﬁ%t [yl 2 d:arge current 30 is needed in a

very sho llfree)égﬁrr?en&l AR ST T oSt et BOF used, the
ent€ré Ce@uignfentheiel eshrig eBicl e yogenerat @3,.andye 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 risk of
occurrence of harmonic noise which may disturb the signal device.
The nickel hydrogen battery is small in internal resistance, and
small in voltage variations due to variations of S0C, and it is
suited more than other batteries for suppressing decline of voltage
by discharging 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 el evation of voltage by charging.

Therefore, the feeder line voltage can be 5

stabilized, and it contributes to efficiency of

operation of electric vehicle. Preferably, the nicke

hydrogen battery includes at |east one battery

nodul e. Preferably, the battery nodule is structured
veduchet hatf iBe belleneriv aehidYe dfecoppaficke S RAbrates a large

collector plates a plurality of unit batteries having

CIHBENE| o ¥ SSTrglYcShrst dndnehefhei necksd| dytirogte bettary is
rtitione separat.ors are stacked up so, that_the,

mc%%si %‘?lytggeﬁ%k%r oge “Cel Ifatgfrﬂiﬁ@ Tt h%ufﬁg?ﬁ%’é'iﬂ gHf@tion of

vdiaber bes casehinghe negative el ged rade cehl of véﬂggee jcan be

ot her of the adjacent unit 15 batteries are oppo
stigbtihvezed, t handdjisc erdntunbitdsat tter | €5ficaef@MMRA Capdr@Bion of
col | ect oehggel ate serving as a dividing wall between

elgrET o el ectrode cell of one unit battery and
t he negati ro cel he_ot her ni.t batter
is provi d%%?eang%éo e @%%1% %%’S?%ﬁn CRE or Bdés at

leEAMUCC abattferpasediee Of heabfeddadst ehemadiim-madps0fe
gas or liquid. According.to this configuration,” heat

s EyeRd eHclfthali ckel hydrogen battery can be.

bestg]%gr essed effectively, deterioration of the batteri/.

c ™ Ribpr S&sEFOSH P Bt ColveTiorePeaiehe BSurality of
te EUrt e PY i Ml er dule.by__ .
urg;& ac%igﬁ%'lrulrg)g uﬁfﬁgm at e% es aste?iggcrl edX% sve fhehegarive
elequirodd erlls niethaloneieby Sapagatdls Babt &iakkBBAY @cCaRar the

be suppressed nmuch | ower. By conposing the nickel
P8t By et Rt ees By @51 AEe baft By ardgbes whigs batteries and

0 y cki-ng up-unit batteries, the size is ,
_ u:?e%%ﬂ\r’%dﬁgé%‘c’dgo Cgﬁgj e BfeaCFEE iHMst HS atfiAFeRain unit
bt estL dre &ppHegcomMDN current collector may be nmade

of a porous
between the adjacent unit batteries, a common current collector

'_l.

S

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
;omposed 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 cation holes used as 5 comuni cati on 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
pluralityTed tfiinton kRttefd eSolR2€BrURky BatL&SY of a porous
i ncl udes pl at e-shaped positive and negative el ectrode
Mgt ®ABteol | ectors which are provided oppositely to
each othe&%éaese arator di sposed between the positive
5

el ectrode EntCESF e c FOMHEGTOTt BYndgatiage of a metal
ghect hadeeyr et gol a LLive el ectrode
pceII %ontacting t he gg%%%%F e?gcfro e 8%¢¥%hﬁxﬁes used  as
comiurd chatorapakssagaeghit thee hehe Clredeer @lelii GRN &Bkh NG EREmimm
negative electrode current collector, the plurality
LTSSt UBed 138 e hrelaleackbe epndsetitiay ig0imgheved, and an
lhtive ele de. current col l.ector of one of the

eg%%%%éﬁﬁkg%ié%kgggyg?ﬁgsr?%}%ﬁgﬁosed to the negative

el ect r odepgdfich-gB1y cokhectarief Wﬁ?eﬁg%{grﬁr includes at

battery, and a comuni cati on pasSag ranster

- lersii onedfatgesy module,qaind i s provi ded between the

nmutual | y adj acent unit batteries. 25 According to
this coan@‘%r FBCERTY haiadugeneiBEIUsESof ani katalhyvr ogfen unit
é&ﬁgg can be suppressed effectively, deterioration

of the battery can be suppressed, and the battery life
can be esiendedic Fosideey, Bwe106£41 poaddienbadd _egé(s'tive and
modul e’ by stacking up wunit batteries as describe

NedrivEe ¢lrstoedd valrwant | euldenabr8Gvieli stamrevided oppositely
battg£¥) edule can bhe suppressed nmuch lower. By 9

[

9
2 oSt Thé FEERE - Hy (i SgRTEDhAEHEPS Byreu PRt iyat séegtrode

ciBdek e8o1RUSor 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 colléctor,

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 passége of heat transfer medium of gas
or ligquid 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 |l east one battery nodule, and the

battery nodule includes a plgrality 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
cappesid ahe nocksdchydtdgen battfdryl g ubirdy aatedscoallde thus

solution, a plurality of the positive electrode

CIREEES Sr Et%ﬁ}%lﬁas% lfril&nlﬁ‘tﬁ:@ré@%i tql'{@esé?%é{sr Hdether reduced,
artddEhE rgreg.o#ajfxe %Qﬁalltag‘ﬂ@ﬂ dciahhg? :?i%‘%&' ve el ectrode

current collector and a plur y of the negative

el ect r odepreifeedisyar ecih sposed f rpimddag negatiye ilpiudes at
el ectrode current collector toward the positive

legisEconodatieamyr epdulecobhéct or so that a positive

el ectrode_sheet havin ositive_ electrode active .
mat eri al &fd g’aﬁréﬁlé}fig‘?gbfeect%é‘dg%ee? ARG of unit

pdtegatdye el ectrode active material may be assenbl ed
alternately, and a separator is interposed between
each posidache wliectscnderghaes andstr2Bceachinegatévea space
el ectrode sheet, the plurality of unit batteries are
belivsek e PiRyesEhanesd: PPRECIYEs| Bhde BBEivedectantirede current
L] or .Qf. one of..the adjacent uni batteries is _,
“%38%%%% "B FHe ShB g S FRAESE) EP?%&@EXUEPeﬁ?C%oP@EEtd@ dftlled
witthe 2t SRIceuBi $r DA 8F ¥on, 2B 238 1 £ RN ALLOILRASE AR roqe
of heat transfer mediumof gas or” |1 qui S provide
shgetaeare t isposedalfiym adicagert tivd teleatiedd eSirrent collector
According to this configuration, heat generation of
EHPER e P VTBELYR RECEF S srBents LfsRAesER aaff acplweilyty of

LIS O Bl L L2 B SOy e
eleotpixdpy dlieehat b61dedtBdubewddy HRACKRBILHR 1D ectPbde current
batteries as described above, the equival ent 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 altermately, and
a separator is interposed between each positive eleétrode sheet and
each negative electrode sheet, -

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

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

According to this configuration, heat generétion 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 ttery 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, 5 and the
area for installation can beigaved. Alternatively, a
~conductive heat transfer plate having conmunication
hol es in the communicati on passage of the heat
transfer nmedium may be inserted between one of the
Ul udakyerigisacest desetibedt t ebbes, artthet hegoathflentni internal
battery, so that the heat transfer 10 plate contacts
I?ﬁ%ﬁt t P e PRERY r GPEUERIr FRIAt DR olShERESsISedf uple dpwer. By

d ne( ctro e current collecto
© ? tg rﬁLQ}genll tggyt%ery g’é’aPSHgar??F'é‘? Y Mg E'{es thus
cdﬁpbsé@ H?a@eaéﬁln@nupJuﬂﬂtnbﬁﬁdérﬁbg thEhg: &d ym Eﬁ&@ﬂgrakﬁﬂuced
is small in electric resistance, and is excell ent

anch th@aireéoﬁ@udmswlt%atm@rcanpbefwﬂl y, by plating the
al um num the contact resistance is

| ate h Kk
decreasedugﬁgp?ﬂﬁFh bgéaﬁgﬁiﬁﬁévﬁfhﬁﬁ% 56?5@6%t£%ﬁﬁ% having
cHEHGSn Ahes! N OLNET MHnDALLELY. (A BLUY A 1¥n0T cat

conducti ve nenbers eac

tmndertmﬁdemﬁmﬁgemcﬁnie&eé@ Helt&re@@sdriel be 2@ fli8ed119983 jacent
current collector of one unit battery and the negative

WEite BRFHRIE S8 AR Fhe cRleECHBIt SRttéiy, obhethamihe beeteryanster

omuni. atlo ge is for bet ween
p%%g %'@&-{taﬁ; S ac,poﬁt1 uhi t= eg ?‘%r cgﬁge‘i’ﬁoﬁeiaf uPHS wmit
pdabi-p r¥nth&§e HEYd Ve FBARGS HBY-
plate having 25 the surface plateaﬂg aﬁuﬁfg &P}%Pe other
wgltubatierypl ate is small in electric resistance, and
by plating with nickel, the contact resistance is
furt her TwdEad, CEREIRY Rlatprenedsbrede ol A alunimm plate.

SSRGS RIS, i 2ol e L0E L geL o e PO e

raifway po SyS

inl rvent léﬁﬁdhﬁ@i\kﬂi?S a MedefrekiAg YN &) iallng COMP! 8 minm
to a substation for an electric véhicle and recelves
Plgitee¢ith nickel, the contact resistance is decreased.

Further, between one of the adjacent unit batﬁ_eries. 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
communication -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 alumimum plate is small in
electric resistance, and by plating with nickel, the cdntact
resistance 1is further lowered, and it is 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 sapply 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
cqyipd R@| tchpd sdeptatidratioer sn tel extheedehitl@ ardt raceives direct-
| ocati on regnte fromthe substation, 10 for exanple, a

Y EEHe P Phe- TEAF QP YPRERT I 818 FbichECHicapower storage and

1§#@ t Ak - t Lan, n end portjon

S g eeder ﬁg??%g%c%??g%gr%l nE&EOb%g e%?’m‘ ‘g%ﬁr%éﬂdlc%? nickel

hyatrobah t badteendiof aihetiyackuplal @ |@eatfc@leF eIBIE and the
fromthe substation, |large voltage drop of the feeder

elecheie aPvWbe H@rpEesRedsupmily tevicainsi ngsteditdratarec different
the 15

_ lectric vehicle can be sufficiently exhibited,
PlasH ?m%ﬁgbﬁgg'i%ﬁtﬁ?aﬁﬂﬁgéﬁF?%ge drop of the feeder

e
line, wa f@hrg i-ng t L-ng r e
electrics%ghicleﬂgggkfo ?%gé%gfgtlon aiﬁﬁ?eQ%gg ?%2 POweT
stidrikge cand beurslpphessed. bhodetely theBhgctr iri cR@Wehydrogen
storage and supply device_having the nickel hydrogen
bafEErer P di rfeeepy Livecahiph edPtar iPReTEeEGe LY ridlg substation,

i_nex ive as conpared_with the substation., Herein,
'fc#lle%?&‘ ref éfregggfjro ?ﬁ%esirfe@rofarﬂeﬁﬁﬁﬁ?@dilﬁﬁ udPhgt ©of 2

sudseap@tar@l ambendf RiBeiFiG ! Yor aRd &kl BHERAMUMNSE feeder
electricity. The yard al so includes the regions
Limer corvespending 26 &£ erreindiamniecy sainittiadeend fnnlé track,
he like, off-limts for. others than the workers

or
20 PEFRTSH BEBPe STaRdTS: FHPATEY; oS P BMage rop of the

£RESTTE Sobe FROSAL et Bk PRl LB BT
eleataipl et ctal ted owrs{eRdinyg pahiMited, fae |HXI ¥ubPressing
the 30 electric railway power-supply system At such
laggRe Vol eagl riropoicht the2 fegdmer alng,, wasarSfibr spandisgnoh the
rdn%ikg | ler?e%’gybcl':l% eec oeﬂ%%%%icb%ettﬁgfe oc[lue 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 is j_nexpehsive as compared with the
substation.

Herein, the ‘“yard” refers to the site 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, channel 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 “diZferent place from the vyard of the
substation” is a place called power feeding point or fécility 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 charging and di schargi ng
characteristic, and inexpensive in manufacture. The
el ectric railway power-supply systemof the invention
is useful for saving energy, preventing 10
geregehky attirensfaimeur és cott ingtdlNedpeblt sewbndary battery or
suppressi ng power line voltage drop. Mreover, the
oSy ePtSERLID ROVEH eIt xagR | Bt FHEPYaItRABELA typdseimssaplid)
system capable of extracting the running performnce
of electric vehicle sufficiently at a |ocation renote
adaanmaddins Ibrsebst at i on, and suppressi ng wast ef ul
spendi ng of running energy of electric vehicle due to
r egener atThen prédamte onveritéohi keroviiflepower eteryidt beailway
transm tted dﬁe to power failure or trouble at the

PRTHSTEE €n, SYPHE i EREI TRAUTHYEh Batt eAye? ndeal | wtatlation,

eidde sybstat oo a@ﬂa:ﬁ)? electr i, r_stgrage, and. .
supp%{/tbd%si gglglc%nt aimng t gzﬂ 2%1 r#%’u.i:’(%nghyc Gheristic, and
irdeapbmsipear #1 UnbhiZzedute. driviee t BeemehicCl #1110z  power-supply

nearest railway station w thout stopping the auxiliary
SY#%ERi Aés the 1ikentieni dlse.usefrl hdpr faviny séreargyt | peeventing

the nickel _hydrogen batter installed at the, ,
regueﬁl%]t’aattl%nf%%]djrrhec‘é%e]ﬁgr i%ep - A6y SYEPEERFINg upPrey line
vAe¥EE nt ai ni ng the nickel hydrogen battery may be

used in 25 place of the substation, and the

mai nt enanreavel,sethé ciimgendidrhepraubss atd oa1e@t-ibe railway

easy. Brief Description of Drawings Fig. 1 is an
PYBET FHPLYt FUREr alcanpiakf £0h sHtarctaingc the c rugtingaipewiyrmance

0 —supply, s teg}ﬁgovi d wi.th_a.nickel hydroge
O%a é:F;Egs%%é% firs Cﬁefr‘%ﬁ r raetd_ 2nBSH Rt _ OF%erllrom the
subYeHdrON and SupptekSidy GldsEHELL energy of

exenpl ary enbodi nent of the nicKkel hydrogen battery
eliegtrire vehicle guef bpreepeneration failure or the like. If power
cammot be transmitted due to power failuré 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 wvehicle 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 substation portion renoving
the nickel hydrogen battery 10 extracted fromFig. 1.
Figs. 5A to 5D are di agranms showi ng denonstration test
results of the electric railway power-supply system
irhavingt heefarire edmbodiinegent betd enyemtnichhe first
preferred enbodi nent of the invention. 15 Fig. 6Ais
an outl i fd9ecti offal 3st FietiiEal CdigEgRramheoliag  I3at t exgrplary

. i LISt uctural exanple, .and.Fig. 6B isS
BB KT i sheh Rt POt b areety o e
enfdcflimeht! 8f atheOdhtdrit@cRer spective view showi ng a

partially cut-away view of a cylindrical battery. 20
Fig. 8 i gign cdutis ne shataapealissia udtagrah wfewoaf (@tate of

square pattery. Fig. 9. is a perspective view show ng a
EUHR oaPatrEh BIL0R0I TR b aeLer ool E0Fn 1 arios
p3eepnd structural exanple, by a forced-cooling fan

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

secti onalrig.ew 0 & heipekh esnowingdthe didkbDenw8e88d battery
structural exanple. Fig. 10B is a sectional view

angh o rRyPateRiu CRBEaORre SBPVing sposediibkeebydiogen battery
oSifti el ectrode plate and a negative el ectrode
e’%%?‘ée%g??ﬁ?lgat ery nodule. 30 Fig. 10Cis a
£orSPEC! L 9, RS o loslitbrittn e
rezafter pf Fhg. dlbctsia petBpsctpaerveeml®f sydteat having the
transfer plate. Fig. 12 is a |lateral sectional view
el chﬁcgpi; Fe8tge in the first preferred embodiment of the
inventiomn.
Fig. 6A is an outline sectional s‘eructural diagram of a
ttery 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 i1s an outline sectional structural view of a
square battery.
Fig. 9 is a perspective view showing a configuratioh of
cooling of a battery module in a second structural example, by a
forced-cooling fan and a wind tunnel.
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. Fig. 15 is an outline
sectional structural diagramof a 10 unit battery
enhanced in durability. Fig. 16 is an outline
structural diagramof an electric railway
dippused suppide sfstiemppsdriveedladtiroda pliatkedr by dnogeattery.
battery in a second preferred embodi ment of the
i nvent i orE19F §%.1512/408usredoia diaw g angeathswinafer plate.
denonstrat. on est 5.results of the . elec rail wa
power - sugﬁtollg&/ s%/s% Hr?tF SEEERT P pra e, ¢ oacb"“ttery Hodule
iregbesli et - k-he é}@}{@ml on. Explanation of Reference
1 alternating-current power source 20 2
al t er nat i Fugr.cuBr est apdwsgrain reho@ita asfarm®lowddirection in
rectlfyl eV| 5 feeder line 7 return_conductor 25
%ﬁ(&lraﬁ?/’g‘?:o ﬁteo&flt Ehsy b@"‘—%%’ﬁéﬁ‘&% ipoFig| éét r| c

rallvvay 9b, suhst at i ctric raI o

10b el ectrl%c pgv\e:ﬁst%r a‘%%gagng% s np“W frai“”l;[%lssmn
dilrebridd @neties thtceehbghe 38 Ay b@btery rmdul e 15 41

unit battery 42 ion perneable separator 43 positive

el ect roddigel L5 4% aregatlives destiomde stelidtural diagram of a
unit battery enhanced in durability.

Fig. 16 is 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 system in the second

preferred embodiment of the invention.

Explanation of Refer

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
%9a, %b substation for electric railway
10a, 10b electric power storage and supply device
11, 1l1a, 11b, 1llc electric vehicle

40 battery module
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5 45 positive electrode current collector 46 negative
el ectrode current collector 47 current coll ector
menber 48 oxygen cylinder 49 pressure regul ati ng val ve
10 50 path 51a, 51b, 51c, 51d, 51e, 51f valve 52a,

52b, 52c,

52d, 52e,

52f val ve,5 53 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

" 4ierm na

71 positivens eattede active nmaterial sheet

20 72 ion perneabl e separator 73 negative el ectrode

Active materi al

shetgn pmm@@@let separEtert r ode t er mi nal

%5 negati ve el ectrode ternlgﬁ PS 7£ i nsul ator 25 81
%t A space 83a,

attery nodul e 82,
483b i ntake fan.85
positive el ectrode

pxge;?éalvf@ &l &Lethadephate 85S

30 86 negative el ectrode

4plate 16 86S negatpaeitdiecéTateote|durBdnt @Bllector |

ernmeability separator 88 air comunication passage
59 conducti ve nenbepegatlve electrode current collector

current collector member

48 oxygen cylinder

49 pressure regulating valve

50 path

5la, 51b, 5l1c, 514, 5l1e, 51f valve

52a, 52b, 52c, 52d, 52e, 52f valve

53 | fan

61 positive electrode active material sheet
62 ion pérmeable separator

63 negative electrode active material sheet
64 negative electrode terminal

€5 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 air communication space

83a, 83b intake fan

85 positive electrode plate

858 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 current 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 electrode current collector 106
8athi fyi ng negative elsgetivedeleotreid cedl!| ector 107,
108 insulator 20 111 positive_el ectrode current
8Tollector 112 negatSTvESBISEYLaEE SERRFRIAT col | ect or

ggl13 insulator 114 io reabl e. separator 115

positive electrode %@1?5 gguffguﬁé TPFVE el ectrode

sxell 117 nonwoven ci@iduceivepakbypsopyl ene fiber 118
nol ded body of nickel foam 119 nonwoven cl oth of

SholyprépyPene fiberinsi2eteml ded body of nickel foam 30

7 Best Mdde for Carryin t _the Invention
“Herei nafter, prefer??ﬁ§%§ﬁg§§%ﬁﬁ¥ﬂ4? SETTHEpr esent

od Nvention are desc&%%&?%gg%ﬁggkﬁgkj¥e9*u£3ference to

the acconpanyi ng

96 heat transfer plate
97 ' air communication passage
S8 battery module
99 positive electrode current collector
100 negative electrode current collector
101 : ion permeable separator
102 electrolyté 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 positivé electrode current collector
112 negative electrode current collector
113 ~insulator
114 ion permeable separator
115 positive electrode cell
116 _ negative electrode cell

S 117 nonwoven cloth of polypropylene fiber
118 molded body of nickel foam _
119 nonwoven 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 nicke
hydrogen battery in a firstipreferred enbodi nent of
the invention. As shown in Fig. 1, a substation for
electric railway (hereinafter called "substation") 9
includes a transformer 3 for receiving

Begitt Medsafon caonientOusoresr Thventizm al t er nati ng- current
15 power source_1 connected to an_ electric power

syst em by SEEyBFtEn  RIekRES nGIERRIERES poer Fishe present
i | fylng dgud gnes the transf ,
mﬁ% @%&%iﬁfg? H§¥f%g€%jggt er&ggﬁggéiIgges%gg%ggégertg the

adeshpar)yiBgcarmeayed in parallel to the rectifying

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

ne aEive Si % Ee%nin | to a return conductor 7 by way
E%Fga fFFﬁﬂg . kel hydrogen battery 8 is
1.di r esht e atie thnd Qdhg-feedsr Lidie,5c andi R LG
15. Mor € specifically, the nicke h§g$ogeﬁﬂggigggyr§ngply

sy=asmi ts positive el ectrode side external term nal
connected to the feeder Iine 5 and negative el ectrode
si de ext il 1255t BRnPREIEofhEt el odiamEameplir an electric

{ [ way of .the. wiring,15.. In other
P Sk il Sl Gttt S | Bed el ipceery
it herfapdpretdmeqSetiditaetl: HeSEid ih9ede cpar ge- di scharge

control device for controlling charge-di scharge
vol t age ks ctlamge-indiFsghal gea coursmatjomr for electric railway
char ge- di scharge voltage and charge-di scharge 30

MEGPHEMTST 1S 7 t R RStERTFT ¢ riai Fiwadyopduer Haapsgoymer 3 for

t 1 t ctifying devi .
R o e B e

pdweaNsb@rdeer. Fonfécredi eChn CElddRRt cVbkad®yst@ by way of an
outputs to the feeder line S. The direct-current
am@@gomnt power line 2, a rectifying device 4 connected to

the transformer 3, and a nickel hydrogen battery (detail described
below) 8 comnected in parallel to the rectifying device 4. _’I'he
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 extermal terminal
connected to the feeder line 5, and negative electrode side extermal
terminal commected to the return conductor (rail) 7 by way of the
wiring 15. In other words, the nickel hydrogen battery 8 is
comnected 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

el ectric vehicles 1la and 11b by way of electric car

wires, that is, power lines, via the feeder line 5.

In the electric vehicles Ila and |lib, the supplied.

direct-current power is convested into alternating

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

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

runni ng and auxiliary machines. The regenerative

pomer geﬁ@Taﬂéﬂ i pledteriel ertilwaw elosbessubbay ansyskbh  thus

i S lied into the nickel hydrogen battery 8 by way .
Coﬁ’fst eedeff FEFTATBNINECYIRE nf c ISIVEIdY oﬁéfh g?@'ﬁf—lﬂg'

e Ry A b S B an 068 efE fé“ffg?%h‘( ge,

ardl eatmite vehiel €se delxalﬂzﬁtd sl1brhéepeadt ngireent RR1tage output
voltage state of the feeder line S. For exanple, T1f

frometls emqqtnéym d@VJeCeI Kaissseppliegemmratleeniehiehirlien 1la

am%f?%P tate he electric ve cIe [Ib is. an ,
o b8P AR gy eS B9 FRcEES af et dfat BOWgtheines, via the

febgaenerat isve &9 o reqa&tlflrcorvem@lése%a%@a B, Ve VeI Chfp1ied

is supplied to the accelerating vehicle,
diercessuregensivali 18 edttveenedf Laws d1rtenatihg etﬂ@it by, for

hydrogen battery 8, and the nickel hydro%en battery 8
SXREP1eh A GRNSTOTORHELo10FEECh akdl, ClvhenvalielBot and| drt sumplied

hicle Ia d - l.ib_are accelerating.vehicle t he '
§I880 arrgeéocur?gntf%rr om theni EREl %?{ ViRog SR B Sery  The

e?ehérasdmal b&sbr BErbbes asgpe_her@iédaglae\@ﬁbfés hRomnd Rey s

eeder line 5 by way of electric wires. This is an
suppéted | Drea rthec haqc}gﬂlnglydmgem Seitaegy ng of e of kel feeder

hydr ogen. bat ter and the operation is not limted
13{% ?hu%nde %‘F&n@/drpﬁe% Hetery n8 Jrﬁ ckarasdy dr gerelectric

t age bet n the
E $egd§§ and he re ur% COH uc %yfg s"€hcn 'stpplied

ﬁbemenaﬁéein@alvlanﬂ:ﬂebe 11beader 1 ibnedéﬁéhﬁﬂ:@f"an ithe voltage
hi gher than the electronotive force of the nicke
stRjdreéhebirsderyl @ herei nafter called the "battery

vol tage"). and_is .discharg it is laower. In
this mannef, (HLHE ’nlége %ﬁﬁdrﬁ rhGt t BEpcae Lla is a

relgeR8td19eChaR IR in braked state, and the electric vehicle 11b
is an accelerating vehicle in accelerated state, the regenerative
current from the regenerative vehicle 1is supplied to the
accelerating 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 1la and
11b are accelerating vehicles, the discharge current from the nickel
hydrogen battery 8 is supplied into the accélerating 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 line 5 and the return conductor 7
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' (hﬁﬁ?éfﬁﬁ%r sFapled itheen

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¥® systemof the preferred

enbodi nent, at the substation 9, the nickel 10

hydr ogen battery 8 is directly coupled to the feeder

line 5 and the mnrlng 15. Hence, a power supply system
hEeeder diingcvelegedkces | Bidharn than the

T GoachlP O B G 6 0 e
cadTB¥qa bgneivthefedu %lﬂ‘@é@ ,1angesd idiicehaRedn@hlin VAV E 5 10wer.

rectifier, or muy be an electric power converter or

Irs ahtal heethe DC- DC the nubriedr hodrpesie dattyerys B Ngf Boat o r ¢larging
el enment such as I GBT. The alternating-current power
angp fleating sischpygsl IWea%Wl alFepoitpr theumndekel hydrogen

bas:?éérc')? g gugov\xjréoroseé %1 Otaé t@ }.\g’\gé aa%gxtteI%yI v | abg% %&uvalenf to

ri ¢ po em such™as” a non
t1RUBedHde08s 20 ﬂ'ggaegl epld ve1v cle is not I imted to
an electric train running on the ground, but may
i ncl ude &ssdbsrryibedaiipovest AetiparsleorricRyatlvegh powerisupply

vehicle). The substation. 9 shown in Fi 1 is provided
SYR-FR Oﬁ &St PEHESF OP et s AP r &t FIF%HH%SH%‘EA% 94, g gickel

B e Iy 08 bt Aegond TRVt S 5 e e

wireee nBs at ineRcPOVE pdwat Osatb1dl sostat iWhglcl Wd elkpPOWR! entire
line, or a charge-discharge control device, such as
Stb@@‘éﬁﬁwg arycsitleptdowin chepddr achargiag st rangt ur dlischarging

aexa le of the ior, art. The nicke drogen battery
n‘ge g%%s@ﬁ‘d O IRSFRH Eaﬁé?eig’ il"m’J'\éuI e having a
battery veld age-€g4ii% %ea&v;tc% the méghay@r 8&%@& tP@n ~wave

feeder |ine voltagé. ternatively, e ni ckel

rdurdfdgenobahbef ywalenmedief tanposedmag des et eslectrlc power
connection of a_ plurality of battery nodul es

Cwérﬁmam P~ EHieds PFRE ﬁ%@ﬁ%ﬂ%@%ﬁd bé’eluﬁélég a control
a dul e’)..so t pable of issuin
PARhE SulD Gt Sbre0 Wl SaPERERRAY Ctlat S Brpe 1 i

uéda‘l@yVéﬂdoﬁﬂ@rcn.al power source system, but it is not limited, and

it may be an electric power system such as a non-utility substation.
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). Tﬁe 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 alternating-current poweﬁ: 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 line voltage. 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
increased, but the equivalent internal resistance is
| onered. The battery nodul e 28 conposed by series
connection of a plurality of single unit batteries. 10
Fig. 2 is a diagram showi ng an exanple of structure of
t he ni ckel -hydrogen battery 8 in the preferred

hygirpertt neattery n8t may &enfdogbesad o3F showArias Riqgnegtiarheof a

o P R Belen BN WaliRhlSr cmiea

N sli*Q'ELé§ %t&%/ 8\%&{5@%”’365& oasedhof jbélgi@ I's J%gj‘zfn% a battery

battery nodul es or series batthry nodul es
vl tagre ghecsipesliritnt eor upher sa2dragad 22 afeedepr oviged \&ﬂtage.
~protective circuits in the event of short-circuiting
Pimthemr’@ertl*@s SApgle FRFESTNJradvee upR tiSeg AcrieBbat e module
b 9l sRegd.cddt ot ulan 21 | Sedishosed al, the Leeder,

Yi ie 5" side 20 spee errupter
bticsppseghAtitye rlﬁg:rééséd de ennegteded@valiB®:  internal
return conductor 7, while a reactor 23 is di sposed
rdgebiveere tllse lowemdal hiter dgpeebnt mceiqleS iandtotnhesed by series

hi gh- spe errupter _21. Thus, di sposi ng the
cqq§§e$ ﬁE? t8f of (iirghe 99? t?%%qﬂrﬁﬁstﬁ short -

circuit| eLage, EB%Hd ed

hi gh- spee g25 |n?e%rupt % %g may F%dﬁ%eéxure of

tianchithel agarefRt Matesty entin ¢as meﬁwéd d@m@&iﬁﬁ' ¥n the
The reactor 23 may be al so di sposed between the

ccmfggméarte@@l Ehewat r ipt B¥9 .22 anfehet i cipé k dydisgénodehtery 8 is

dgggég y Ingh§§n all¥85%¥§rhéggﬂﬁ€eed |nterru8ters The
nséﬁ%a%ungr@& the (£Age. mén%eeacgmﬁsééﬁ g>f2 ?emhglg fglﬁgf@doattery

Interrupters 21 and 22, a so- sconnect or

mdeilepraw sdeicks Bhetaliysnoddest or has no capacity for
interrupting the load current, but is effective when
servi ci ngiby FaBenihg FhEh-sepedt dngeeTyigrs. 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 cormected 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 disposing the reactor 23, rising of current at the time of short-
circuiting is moderate, and the load 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



10

15

20

25

30

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 enbodiment is explained in
conmparison with other types @t 10 secondary battery.
Fig. 3 is a characteristic diagramof SOC (state of
charge) showi ng vol tage changes in relation to SOC in
various batteries. Curve (a) shows the voltage change
high- WQﬁ@elln’ﬁ?m%Pé@ﬁs Hatatnér ¥2, chr $©-C(ad)1€@ h@igsonhector may be

RS R R0 O RRR FRRELY, &5 i Eelilos e
1Ml Veurbdd, Shows :téﬂeey@ct&@é GRRAYE A\llgh\?gg O%,Ciogg%kge the

|'ayer capacitor. The voltage change

-eleetata adrtwitSOC variations is about 0.1 in nickel

hydrogen battery, about 1.5 in |ead storage battery,
about 2 in lithiumion battery, and about 3 in 20
> eleglr ouhl e | ay Itor. 'S, assum ng
sane va&%?glgée&cc gn%%%ef %%ﬁ%e?(aatﬁyﬂf ogen battery is

smal | er imkrRahifiey, c@ﬁéct&a&adtlaémséiclfbfofulee@ﬁc}%éprl%&ﬁrogen
battery, 1/20 of i thium battery, and of

bagitery r isedioib| eh¢ agkrctgapachi tway I—pmveer smmﬂybaiyseery of the

si.ze can be_ reduced by the_ corresponding rate. 25 As
PrERGWES ﬁmPP%lm%lt fﬁee’iﬂ%ek%? d Y4 oM ARt e Shbwh Bgpes of
S ’[t‘ E$,J__5yv|der in range S of variations of SOC in

rel ati‘on to voltage variations as conpared with other

batteri essiglhad is, at heardtcekebtty dangeanbatkt &0y | @tate of
smal ler in variations in battery voltage in relation

chaggehar |S§PWJG'FHS veltsge, dpngemt ﬂ—astrEllathn hee Baft éni egrious

shown ur ve variations in
o SeT ) Vo EdBe & érfzxs t5h w8tk et | 3 ' 30%e] Mhyarogen
ti 0 S eLping 4t
AP o e YL L8 ! Y,

cEuppOsi rhotdechevoblage ofiarigee offellidiuv al are bhotdry, Vdnd curve
V\,hen it is used to keep the_ voltage variations wth
(Papferavhe Yeltedn Bengdsc<f rAcaEifisstowle dayer capacitor.

The +wvoltage change (AV/ASOC) in relation to 8OC
variations is about 0.1 in nickel hydrogen battery, about 1.5 in
lead storage battery, about 2 in lithium ion baﬁtery, 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 relé.tion 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, i22can 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

layge uin trelbeidr towmsniationss afs&eCt o Fbee@cantvéewictragening the
variati.ons th range dV3, it be used onIy in

nelilin g REnge 5, S et PR Eﬁ?{ Sy SERPRGRS the

VO@.‘E?%’ 'J)f @1@: %Léﬁ'{ '\)é%!lé( to }% h#?& QCE keep the
age variation range Is eflne fo OWsS:
vod Yede/ Ivar idW2Ané2 wek tid Vidirda. d@DnSiﬂj&Tamn@efﬁm tikealmost all of

vi ewpoi nt of voltage variations, when the SOCis in a
raﬁlgad$ o OF arpgel sh% flélrtte%arﬁﬁpéﬂ%h@antb@a usdtizes effeggively.

nt ). ec |n the i ckel dr.ogen batt r
|reglﬁ‘htg agee |netg sﬁ%’&%ll“% Vﬁ e of
uiéh%dgaer%ﬁge afaﬂ r?eoxﬂz s%ehglleg iQf JsBg BhCked the voltage
hydrogen battery 8 are repeated, ~vari ations oEF
vaabt o woth agegeadvhe isupan esaedeenmﬂy £ e nafxrochﬁange of
state of charge is changed. On the other hand, in
S5t hef™d h 58T ePEESTM o?a@%ﬁw CanPE hikem Wei 1Bad t eSfpctively.

Slma%“ﬁg ni ckgﬁt‘ g}’%gen %D%ery, e%gpngoflé%ég%ee %agc ‘of the

meQARAC i ue artobebélt 73] zederf fiect iveliyeq Maanweebe tHehevoltage
variation allowable range of feeder. line voltage is
Varliaaiwlmﬂgétbfr@geuw?pl us oan b wse@ 0onlyf inhe nwrm'pwa:tange of

target. vo ta for exa e 750 V 1500 V).
Sihe o4t t e cFF5R Mpl (t?tﬁe Feadard | ﬁ#@ecuvely
neidah hethanqs | eofofv&f&a gi re,gr ! S603L 110 Gegiped as
W |n the amount of 23 rgy of the entrre batter

- £fd19oWs mdvedvi o Hhe/vzaegemmm cated by SOC

characteristic in relation to vari ati ons of feeder
line vol t&gEidemng: from tihe eriewPeint poweyolieohi yarfecions,

R ERYRE S PG BB Lk eabpl? M. (A0SR

40 to 60 percent), by connecting 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 zrepeated,
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.

Mearmhile, 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 owabl e range of feeder line voltage, the capacity

within the battery can be wugBlized 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
enegprt PV ethe snbite ivatderaniye bimitafottd Phaisramgeniindisated by

20% al | owed in the feeder line. In other words, if :

SC6t A BB Es TR nETeE H? P KeFiaty are gein fEgeee riyne strisage -
l.ead - gaﬁfsgr ane. | i bi ' bat t ¢ .8
Tr%zedl%gy %Llér?%tg??&%c pli néﬂt 0 thkéﬁ?ee etlfe(}lgli n(ga‘,’:n ghgé/ #ilized
efifeapiared§ whij thethe Cketgehyidiageted et texy, crargeeatietic in
nunber of batteries and a vast area for installation
relgtar dosmyiataprp thefeedsrl Line yvostagss higher. Fig. 4

' t d_di howi ng the nickel 20 . .
hyr ogon Toaite: Jipeh P uEoEe: ST o hortign gi majority of

sace RN EA et e i Gkl pe NYEFREEN s RAL AL NVYari IP8LN 187 k8 e range
substation 9a and the nickel hydrogen battery 8 are

. ofcofegeredine paltdeg| the tdapaelwctwithivehinel atebighcan be

i.s . the | oad. Supposing the send-out voltage of the
utlddget fEEiV6lhe 25 V1, the terninal voltage of the

ni ckel hydr ter o.be V2, .the internal . -
resi st anc‘% %ﬁg&{ni@k%l %Ryd%%%\r# %15?{%%%51 é’at% “be RS other

seafdiie datpedancethd sheesubsialider SRadqshecREpct € 1arge,
current 12 flowing in the nickel "hydrogen battery 8

arids thy ridecenys battery fepdaiwiyngs frelabpivwely36m2Ul ih2a=range of
(V1 -_V2) /| R2 Therefore, the snaller the internal

US| BYHnCE B Fhe0% RLARETI Ryd Fay &1peBat tiérg - 8, Tt mEhfperds,

SR LI} DD Seelie DMLage oLl Vol 00 e
storage battery and lithium ion battery are used by directly
coupling to the feeder line, as compared with the nickel hydrogen
battery, a greater number of batteries and a wvast area for
installation is necessary, and the facility cost is higher.

Fig. 4 1s an extracted diagram showing the nickel
hydrogen battery 8 and a substation portion 9a removing the nickel
hydrogen battery. That is, the substation 9a and the nickel
hydrogen battery 8 are commected in parallel to the electric ﬁehicle
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 intermal resistance of the nickel hydrogen battery 8 to be R2,
and the impedance of the substation 9a to be R1, the current I2
flowing in the nickel hydrogen battery 8 is 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 cdorposed, and one unit is

750 V and 200 Ah, and the internal resistance is 160

to 240 nQ Wien two units are connected in paralle

to conpose the nickel hydrogen battery 8, the interna
I2resiBtand sRBO to 120 n2, and when four units are

connected in parallel to conpose the nickel hydrogen

battery 8, the internal 15 resistance is 40 to 60 m Q

and ther ni I r ; ; I

internal%Pég%ggghcgkgsS@%ﬁ%%%i%Fpggk%%%agtEefsﬁg%%?cg%tje
niekepaedoseh hbhtieery akelthhy ticegerurbait eflyws, ihh@éhe nickel

internal resistance of |ead storage battery of the
hydxegenc Bptlesyy 8i saabdie larasmes &he tHechr Ek euahybinb gapable

baftery 8 .and the internal resistance of the :
of FiHens (5 Bt

&Ty 01" the sane capacity is about 2

tinmes of pbhechifkel, Avndiagepabatberyofina] ACSRIA AN Yage of

the regenerative current by the electric vehitle is
fekdegelinen the 780cRel thedriegerrpatrodnye asommisedr ed vad hunit

the | ead storage battery or the lithiumion battery,
bagheries| SPGEICted5 18| FFEPc Luariacy et sik ReEd 8 ih dtheieces,

an%GSHJ‘%E%’e};”@t%qﬁ@feé’%%ﬂda&ee'u‘?ﬁ#rié’ ook gi}:gq 200 A, and the

accel era odd current or acce ion 0
irgbegdlr ires vehinekeid s ephak egh dependinigh Aot B8t atd cchected
t he i npedance of the substation 9a and the interna
iy peialtlgdcscofotpnses bonatake Lbhydenggn battdrwnée the timsernal
i nt ernal 30 resisi? ce of the secondary battery is
ISt gHnCEheSePBCFPI Qd%%t i BN qeey f8d3Fh gHwected in
d Q&&k Ly n e {.li.zed Lcigently. .
Fazgg%%é?%¥ion o_'2§§% E%&%%%s%%h%ﬁéﬁiﬁ%g%%kbégigﬁébdﬂ¢£rnal
re3i8dar2, ianb 606G inder bty theechntdenal cke@ Shypdranes Wittery 8
0.05 O of the nickel hydrogen battery, the
off gagadRattRyTeL YerdSSuRE AFi GWPPSERd the nickel 5

nydr 00en BACLEr ) $aRROUs Lohpadldh 28! 889 SERLA% rogen
battery 8, the internal resistance of lead storage battery of the
same cépacity is about 10 times of the nickel hydrogen battery 8,
and the internal 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 9a and the internal

resistance of the secondary battery, and hence if the internal

resistance of the secondary battery is high, the electric quantity
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t he other hand, since the internal resistance is about
0.5 0, 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 ated5in 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
aceompated W ttHeo BReInNdsEy dRdaRYY bearmet i les wofilizsirsufficiently.
capaci ty, ., and efore a nore current flows, and the
At Pe e tl%ﬂﬁ ??@O p%%ﬁsé'th%HgPﬁgﬁ@C@aﬁa H¥EhArG Ay and
IS 5 h A Qer deed, i - C ~glar. ’
T TRl o BACESry  WHeR 3 ot r gt (yizogen
baateeel | shar dcadrgtectrgl ofi patel kabstatheni Bt esmdl the nickel
resi stance can be |l owered, but a wider area is needed
IEgPIen dstarryt 8 ol akeet the -equitpridet leadtstioyage ghaitery, on
Ihus, fromthe.viewpaint of voltage change to , OL
1'ioofdrjbjfn1?‘—1\‘ﬁrledt’visérvl\%eoi nt 6Lf’“Trnra\elLr r%lsg?“eaﬁvgt A& %(Iélg G, the
1d3et siraeli caladbor Rf:tenpls ke eoiR-eat gy i 98 drog
battery %r the lithiumion batteryddi rec?ﬁg Itﬁtocgté%e =
batgeder theneleade chos®@ea bat eempndoarsicnunbelizef su€éldienaibd the
a wder installation area are needed, and the '

elEGhF PPNt e 08 (ASCEMMESRE r 1N DERer Paghertomddficks the same in

paconveni-ence,. . L o..oi.her s rychatteries, it is
o R e e et R A oo B S st o

devi ce, thlortisnglg, bees i age BN sbes: dawe LN @PRE! sfOfer in
_controlling the charge voltage in order .to utilize a
inygreabaressisyanepas toppIeB. wibdnober as¢éamdaegt batteries of

results 26 In the first preferred enbodi nent, a ,
SPENGRRIFE 1 oY e@?r%éé?ecﬁrfa?ﬁ SHTHFG HeOBF e ¥y Ehe electric

sk MAYCPAWEE - St RRL Y 3% S LN B 9%9, 'tj'al?e kel ;
hydr%%ecﬁ@)battery. Theﬁéenons(fﬁrs‘a%tl 0 e\s'[yis re u%t's %I}déaed’ o
tiehawsei RfFilgad SfotageSBattedyn dhiBitHedamnNséd abd@Briyesihen a

at a certain substation for electric railway in a
MPCEPEICiYacRE dFst¥s cire ncgapratedt i npekadilel, the internmal

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 internal resistance, it is not practical to
éttempt 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 equipment
cost is higher.

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

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 5. 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 ABS 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 nicke

hydr ogen Batther it sPl“@éﬁﬁ?%iacﬁme@xm@tanpl gemdpptration test

connecti.ng four, units 8A to 8D of 750 V and 200 Ah in
Bt ot

Yar 5 “Bh oW A Ei 581 =Y ERCYFTGEPRIY (RiSFem grovided

wit® 8Rcks) coppesad wf-+20, . batﬂ:lgr Men@?g‘dif@é.oﬁf tSZF s @Rd ave
200 Ah conriected in series. Each battery nodu 1s

steonpios etlgby 32onoestt.i ng 30 unit batteries in series.

Herein, the battery nodule is a third structural
exanpl e sHoWRiF ndenongsratipry desh, Hutd cenerintsubstapign for

b Fig., 54 sh th
CGAAIRL o8, 5200, 20 B AN Lo e micrer
R SGeg epathaty ef Yl feieardl; Qmeqzeci lthQ:h@n fbBgeday; af 5 In

denonstration test. Fig. 5B shows the |-V
ticlsar detmenstgbitorof telse, nthaelvdmytagegeapdaatﬁueamc&:sf r ah the
2:00 on the da denonstration test. Fi

r%élg}%b‘%és) & -4/ ThatPlcter ?ﬁlfll EhgrSReRa feRtiPRKef the ngkel _
&9%&8, ' Ys 87§Or I%”Eﬂ:géb% AR 13[&8%@%1%9&8%\%9& 4 and

enbnstration test. shows t
tishatakeer hyttayeaf bb.bﬁer}ﬂl gkete hyshiregesd bebt eny Bedd®@Miines
13:00 to 14:00 on the day of denonstration test.
ccmeét@d B nelRetrve €axehinssl fer rmwsh-t@@rgimig dowandelzicle.
ositive val s di sch n Fi 5A to 5D,
sh23h | Ue EEEE) ahlre HeeRti 8 it Brmpiase f(vg) sxgiple, by
dethbct 8R4 Aie i8S ghelot gp ( e %{ara
D 051§+E§d775 As known T rom(b% %ge?r’n?%ratu on tes el as
shawne sSin( @')l.gt 02. (hEach henevasfi airiies @A bat BB ysVvebdm@gedi 8f 20
about 1 V, and the i nternal 5 resistance i s about

baytery QrodtHesafual - da¥ aasbt aPhedh f ¢ameehed in series. Each
b&%@'psééﬁeofs tc%%;gose% 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. 5A to 5D. These

bl ack spots show that charging and di scharging are

repeated many tinmes. Thus, when charging and

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

vol tage variation can be suppfessed on the whol e as

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

hydrogen battery is stable in voltage characteristic

in awde range S of SOC, and is small in interna
lingsi $¢larfee . (hForangk #hpl dinagheg) t he (lWadrst aprupaimately V = -
OQ@&tené7 instead of 15 the nickel hydrogen battery 8,
S+dfr étly coupled to the feeder |ine, since the

| ead stor t [ L r resi sf.ance,

the |V CharBerer Lot o Recpnep bt of, SEsr L L SHERET el v
(Hy chaivariamien bf bartkirg. vdlAagdhien abber SOU, i snd whehefiternal

varied, the voltage also changes largely as indicated
resysecpe i BPoh Elp. 93, and the |-V 20 characteristic

varies fromchain ljine kl, to, for e e, chaip.line .
k2. Even'i % ﬁgu?ﬁntd@}: %af)brfaelsqegt gﬁ%’éx%’:\g; dﬁlgong\ﬁpje%P &?St s
irgnRResd ihobBackdspats nuregs ofsA @adsst oregees betder k8Scs show
in parallel, the |-V characteristic varies due to
thedr charpngobndQl sahanginty ered rapeared mdherefese, Thes, when
| ead storage battery is not suited to be used as a 25

hargrge - oS cHETGETEEN care | rePRRrsdasdhsf 9% Hiagaes, but the
. h H . . .
vdiah Er‘)%r)lta?%ortz%n?% tg‘fé%g%%g | 65 1+ heA3mb I £ALEADYin curve

curve (c i g. ge varies
(9i ot f Feantdy. sier efi@r eni el Htkdgert NGaddet-hi UM iBAB1e in
battery 1s not suited to be uséd as charge-di scharge
valéage eclipragreniatiy épupl Whde t vangs0 St I Se6dednd i ime.sn281 in -
. As_nentioned above, since the nickel hydrogen battery
1S W3 Eer nal resi stance and small in vol tage

vari ati onr"d%“%ng?pleseosﬂd’i\éﬁr bALT O idr S8l bﬁatfge.[f?,ct }stead of

coupl ed to the feed Ine 5, and wused as a
tieharigkedi sphayge beviers. 8, n ilshelipeeilsr regpesdoth MBl |, feeder

the 5 battery capacity is set so as to be usable in a
Liggal pinggn§ee ofeady ereuRge bartieavi &n leweet tn Joteweali aebbsrance,
t}g %r-veé}?ar.rrglcgérirs%ggebesc:&n%s',:i Eor example, as shown by chain line
kKl 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 k1l to, for example, chain line
k2. Even if the internal resistance can be lowered by connecting 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 wvoltage varies
significantly. 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.). In the | ead 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, thus28t 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 ectri chsehentionadcabmrat ssnemdle bSckel Jgydrogereiiatiesry 8
needed instantly and the nickel _hydrogen battery

$501QE [ JBESTTHRLOFSBIS FORE A (ALh it 84688 TeTiRgon due to
so{io%&%won When cof, K. &l %8&%15‘3' ngﬁi&% it e 'Efeﬁéle?%%%ld 52 and

curr'ent I's generate

mEaOH@geahézajet af ycrehae 0assicel evat iten pfefe‘tQ‘Ldl agBogiere the
suppressed. In this manner, the electric railway 20

babomer capppityy s;/%téﬁrﬁ m@vwe@mbe husdfdeniigkel smadi ogepge of
atter bIe stab|I|Z|n the feeder |ine
vel Eaden e B e BB Sy e e bty et (SR LRedaBg then Fis-
3ydenonstration test descrlbed above. 4. Structura
“exanpl es of battery nodule 25 Hereinafter, this is to
expl ai n ghr thé Ureald exm‘agbelsaﬂferybattmt;mmﬁdwrebéﬂtery, when

conposi ng the nickel hydrogen battery 8 used.in the
thej £ @ﬁ?ﬁﬁFEfkﬁr%ﬂ?réﬁﬁﬁﬁheﬁ§¥ﬁmeth§°f%ﬁIQﬁMbﬁgcgﬁﬁﬁﬁét@#¥§Ctly to

f the b dul il ar|
S RTR 06 et ekel oy B Shere BarPany o TREeLlacion, am

tHel 86dd L6 Feah/ %ﬁ&’r&%‘é@r -SHBPLY &Y Sberuifed &Qpa?s@&régl use.
preferred enbodi nent of the invention to be descri bed

| at er . 2%he4 . riidkel sthysirogsst ubattteen_;fanﬁal esFisgalbAins iarernal
outline sectional structural i agram of the batter
regp e n 3 He S r%ts%t‘ﬂ‘:?cltlurlaﬂ Pe Vaamdfiong. 6B t'r% SoC

1? e SH‘E&P ViGN 2&%‘@6%%88%&? tafeg%cféqeac%@iér%t%s and a

€. Thi's attéry no ructurée 1n
1aw§ecbuﬁrexltu Akt nebadd efrseantdl, conecked:tkels eridesger! Wattery

exanple, as shown in Fig. 6A. Each unit battery 41
dilsghayges, | Arer nelli widagar is nadwressed| yffopyeegentrary, when
the electric wvehicle regenerateé and a large cuwrrent is generated
J'_nstantly 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 ad\/;antages

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 treabnment. 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

he_right _end functions as a negative el ectrode
4éur? SE@FFEE%EFgﬂ%hﬁhe right side wall of the
negative glecthodg I . Of it ry 4l _at
the left er?g, ang t%g :Olé 8] dseéc'lv%g ofsg%t%%é%%sidt%‘la%m of

thel Batteagensklile 43 tle Ehestirichubabter yaAblal dderidghi is a
20 end are conposed of current collector nenbers 47
PREReETIVRI FFYarsevias adiaritdPhgtiwabatterl sotiet ween f our

uni t batpﬁnie 1 _position in _the mddle, current,

col | ector nSn%%tﬁtéergf“ et f&g 135 2a8“HVTET Mgt WRarh Six unit
baREErfisS ROSeshnelhEs i amdde dp bxBahkerys 4hogh '

left end to the unit battery 41 at ‘the r?g £ en ,q; e oA

Edght teit detesry ¢dnmectied REcrmediticepatty mady «ff pbligoropylene
current collector nenbers 47. The positive electrode

FibeF| PR NRR FHI N E§aRPAFe E BETFRIdDEe P Yy 808 | PeIEgating

| eqQus lLytio 0 ectrolyte :

cilhtd R O SOLAL 0N 85 L0 GLOHEOLY e
elkCtraqieas sl Warent Kinebhey ROSHFdNLhEhRCIIREAC e 142 not

43, and hydrogen occl usion all oy powder B is 30 m xed
proges$rsl KOH hydrepbsliol treagment . t helTheegltfit eergdl ectlilodsf the
“cell 44, 30 The omterial qQf the current collector’ ’
PRSRHE £y T PREIL. o CRbl et BT PPRHER nf Lkl it deEe end
edftlionLadbOn BLaLS e '%%9 Ld 0D,y aLckel 4ol ale

st ai%l ess steel, oyeniecégropﬁgate %%1{ bg%l,lgcgﬁg %%)’y anéj the
righheendratiel il thayndatisedlasciale asll ta4i 6f e unit battery

corroded or 5 degenerated in an al kaline electrol yte
41lsortut Fom, Tagkk | 804 ofufACNP e BFe bl RegRaAYe c ehetinadee current

the ne

~Sagehel it e el oy e pemRliye elesliote,
ofWithB Ml QGRAPE U1USORhe 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'4l at the right end, the batteries are comnected
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 aqueocus solution as a common electrolyte solution. Nickel
hydroxide powder A is mixed in the KOH aqueous solution of the
positive electrode cell 43, and hydrogen occlusion alloy powder B is

mixed in the KOH agueous 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 3@ne, since the separator

42 is hydrophobic, when the negative el ectrode cell 44
and the positive electrode cell 43 are filled with an

el ectrolyte solution, 15 the inside of the battery is
evacuate&hétdmﬁﬁriﬂleﬁﬁhltb@e§§@¥@mbfCOAB@UKK10®€ﬁE§S may

by P S O SPLL00, | S BEER UL B

pfaE@d 1%Qatﬂ1\é¢ce§|;%l‘§téed§ca%ﬂﬂeéé1%t@9§' tdy 64 ek ?199&1 | Rrbon,

Tor exanple O conbi nation of hydrogen ocCl usion

ardl by asttheni nedrihy dioxitdeuséd exaapl &s oft tie nby deqgeded or
occlusion alloy is La0.3 (Ce, Nd)O0.15 Zr0.05 N 3.8
CEGEE¥¥§§§§015 aﬁsa%¥ﬁ9%§ee@ﬂ?6F§QL¥t§oFQlWQﬂ@n f @rdenpPe, non-

al%ue %&Ctétlkfgn%lehl%%caalclueous sol ution, or LiOH

aqueous Sof Gtion ma Use€d. The separator 42 is

made of au,shyglia%aotab%vgat ehbalnelt ivddr 68898 De1l 44 is
hydrophilic treatment. Since thé separator 42 is

fidledywitUseth igleatxuiiydet isohutciont adkedgwititt Mhysirogérk abdalesion

el ectrolyte solution, and the hydrophobic nmaterial to
alday RMfer nBt #e ROWPaY aﬁt%l"%o‘“@f?rnlé o%é) N8Rt [fdectrode, and-

xc | al .d18si 3 ange. £;RQLq€ an S -
NSRSl BFRRET LS H e EOLPATH, B Hhiccerie

scagty@i ehistad firirer ,mckslynpwhd&ulﬁdwd@rf Bbefs powder active
pol yf | uoroet hyl ene fiber, and polyam de fiber are
magrted) @ft poaithveneéattuodsi stéﬁctmsaltdmﬁaysme the separator

refe used t he separ at or se
o] RS sl 15et SRERALY | et e and the
paéqeweerieéeme ceYRI4} la_acgeflile@t wm'atne%léﬁgm@te it ion,

ot her textile sheets may be fornmed. Anobng
thaoenidd alfr iche abttele he weventdénbitoc aAr entdr@Ali pressure of
tensile strength, and _excellent in shape stability,

abgHg R0 Spaew Shr @@@ae@ @}pp'ﬁ)@)lyte solution is pushed in by

force.

The cdnbination of powder active materials of the
negative electrode and the positive electrode is, for example, a
combination of hydrogen occlusion ally and nickel hydroxide. 2An
example of the hydrogen occlusion alloy is 1a0.3 (Cé, Nd)0.15 Zx0.05
Ni3.8 Co0.8 Al0.S5.

As the electrolyte solution, for example, KOH agueous

solution, NaCH aqueous solution, or LiOH agueous 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,
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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 formed by, for

exanpl e, card nethod, air-Ilaginethod, spun-bond

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

punch or water stream heat treatnment of fiber web

cont ai ning heat-fusible fiber, 15 fusing nethod by

phiyatintlenat feher angolyrespulera nfilgrocestherorpoladhefinnEiber,

t hod _of fiber web by using an adhesive agent. The

BAY L arfidanttare” mod CFEBFF%Endvlgrfoaﬁ% Pibﬁmﬂde
f b h . \ t
flftii%E’nE.ge e\lxc%tlligﬁrr nﬂ 9%?:11&11{] {‘Qﬁs%%}xﬁt__ele,gya:@’m%yreg% greferably

rst structural exanpl & Showi |
udefidizegene Cydpaiaetr 482 packash WHdie0XYBeH: 0a%r 2Qafble, woven
hi gh pressure, oxygen gas can be supplied into the
fapyast ilpat efaduticodeoropwiven Aakemd, tylkenndged,i féat edledteddmbric,
44 of each battery_ 41 by a pressure

aI?dglgoll}Pgﬁ F@Ct\}g%vgﬂgéés B’i‘/aymé% offor'g‘e out e BP9 | TR e woven
S0 R SBorX QBENLAG, A ELASHBONALYRR, ang

51a, 51b, 5lc, 51e, rovided in eac

exheahait passabepd eatilng i2), t andi xepostdricver®! Bed@de during

cells 43, and val ves 52a, 52b, 52c, 52d, 52e, and 52f
PECEYY dRTFTRIERE PIICEAEh PR sk heansei myeferaile. The woven

n tive .electrode cells. 44, oxygen gas can he ,
fa&%%% 2 P ESFHe oH P eVeeacvtl%gdesgm sWePRYiRHg ©or twill.

wed@gag | verrel ashiede eshls 44y BE é&aﬂﬂé&tﬂé}y%iﬁ e%t.fj)%%% web

cells 43 only or in negative electrode cells 4 n

fagwed0 yhatforhexarpen gasd ametiax, exciasiapy deaged) gasun-bond
regginin i.n the 32 negative electrode cells 44 can

R edct

Tand' o RFEPPRd 3%t Pmeies . by Tiredle spundie or water
SO THRS SUBMIR0 oL NRAALLNE SHESThode 8IS ey

reacts W th an excess hydrogen gas Tt

fuzegqt imeeho®! est raste: Cekbsodhe aith | preanverigd bhb&ss, or
water, and the oxygen gas 5 supplied in the positive
adieseng dgehed|dfs f4Benasdeby ttsiogghn t dhessepaagainor  4Bhe woven

G- SR0L R, Wb foal, Srene yoioaen ags LeTHOLNg (1,
\k’)\gt teze.ryl it Reemadute~pingi0sedst YRE BEgkel Nydrogen example
shown in Fig. €A, 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 cells 43 and negative electrode celis 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 wth 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 electrode3Zells 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
negaigiitel feceirsder oeldscét | rule HerRfteHeand perdgeited into water.

pl ained below. In the._ ex erigﬁpt, sjtive

th
T ot GHE COIFEnE=° CORPRT O h BT P HHa VReg oty olls 44
reBLECT LOAR G I &ResCO!l hREhOLn 46 W8N 86 cigd .0 argéggtive

I ncandescent | anp, whi'ch is a’load not shown in the
eldriamideg cedluwl 44n and@ fwurmeditterd shas tvatgrdi @ehahgi dggen gas

the internal pressure of each negative el ectrode cel
sgRliEd tHe SRR PAFItivBatalefFre’imic edevRass@st ghyough the

rein he_val u f_th |_an ortion not . . .
Seg{gﬁ%tﬁlilﬁﬁ%g Fﬁé g?aec%ts ro ﬁearté o%ﬁ%s%nlﬁ - each gﬁseglé?“?a\}gmg ah
thel feddrade Crldirdde Wa319 42012ndBs S8 ARlrthli Sichl Wiber .

oxygen gas at 2 kg/cnR2 was supplied from the oxygen
cyl i nder 48 thet ondoluid pbsiclosed etyst roidket ehiydretiénarshttery
negative el ectrode cells 44 of six unit batteries 41

B CPHEIBR TS rBtPatPnidal §& 46Tomidiofedrogen
B ot Tl PRee i e Rt e

olyoEerest e 0. tgMid. was subpaiwhidhecudiatdier ¥ressure regulating
manuf acturers generally ftace problens of solving the

veigat 4fenent® i evtbansdtive baleerspdeeactlilon. 43 nand  negative
particular, in a battery of closed structure, the .

=l5f Bt ekt O%)éﬁ%r PAESTERS) Aer FELET SfEEHITeNt vas

cpabiely ef dwigd-st &H@t'%@p&éssi%ﬁdeﬁffe%@ 19 N¥eion of
proper heat transfer strucfure. In the conventiona

imeplhaldr peedsurat tier ytioy semmariee kdktergde seelde t4¥e and the
outside of the battery case is cooled, it is

CR§rREIBURE PFPlekpeEtea tesired cooling effect if the

ni ckel hyﬂ{ 0g¢d experiment, the poéitive electrode current
collector 45 and the negative electrode current collector 46 were
connected to an incandescent lamp, which is a load not shown in the
drawing, and in one hour after starting discharging, the internal
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/om® 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 49, and one hour later, the internal

pressure of each negative electrode cell 44 of the six unit

batteries 41 was lowered to 0.1 MPa.



10

15

20

25

30

battery is built in a structure of cylindrical battery

‘or square 10 battery. Mre specifically, in either
cylindrical battery or square battery, it is designed

to transfer heat in a direction at right angle to the

di rection of arrangenent of 38@parator and active

material, for exanple, in a direction of radius, Iin a

case of a <circular col= ar battery, and in other

words, it is designed to 15 transfer heat to outside -
by vvay ofMdagiihke e datepar aﬁnnéamemtgsmerakﬁat daral sroblems

{ g d| agr am showi. n ﬁia e of a ,

Oy ?Jnvd'Pﬁc ;eggnnr&clg oﬁﬁu? nF%@ battegypgeperipe: In
I I

e I s Lo

gemiegtatiion Qi p&rgreabi:ﬂ:usepahat @ HaZtare aeqieskdaktucture is
stacked up, and taken up spirally, and a cylindrical
desgredrie b@vmrpﬁg@tr h°41‘h qrﬁnéf@ylstmu@al battery, a

case 64 is_ a ga |ve ectrode rm al nd a cap
65 is a p%él ttlrl]l\%/e é %{najt erc%lﬁ% ? %I square

paHitagy ams e tig @ﬁt@i@%@ e 3QUA eci?et LRy ycocﬁéd it is

shown in Fig. 25 8, a positive electrode active
dirfiitienltal tcs lkepect’ b, dasivedh cpelirenkiffectsefara atick?] Aydrogen
negati ve el ectrode active sheet 73, and an ion

FbaBF ePdeitaridt 6 SEEUGHE S cRfusRiiRfTiFadt Rekeeryupr square

A0, U B S USRS or sqar

bdteefynalt andid¥ibRed epsl wrdhsrdbd hSad Megatdivect B at right
electrode termnal. Side walls 76 and 77 are

angigul‘m oFBe gireqtiophefstamengerenthovh Bepagor 7 andt active
gf arytoiransfer%}& n a direction at right -
i 40P ee'ctjrrbrﬁ SER P EAFHR ofi @ case of a
a}rﬁg_.ge rial &I_Q_g;et d .se r
Cl(m rcunferenti aI di \rfgctl oﬁ) !uqbut V&)rég ?cg t@%s‘i ed to

tmatbifey ehdweatcoc ontkicki bp way wmmaymitreau gepmatbwl &nd active
Iayers of stacked materials, and to the contrary,

mahsEdal SFayers seemto play a rol e of a heat insulating
mat eri al partic ers_of |ow

onductlet%/ or ﬁo?ucéfsa%ﬁlgs? o@lﬁﬁtﬁlwgﬁ s falieipdrical

pdtRete 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 up spirally, and a cylindrical battery is composed.
In this cylindrical battery, a case 64 is a negative electrode
terminal, and a cap 65 is 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 sguare

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.
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separator, and the heat conductivity is particularly
lowered. 10 Similarly, 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 o4 (horizontal

direction), but it is difficult to achi eve heat

conduction favorably through multiple |ayers of

stacked materials, and to the contrary, 15 these

| ayers sé@mte Frayctareolseown AnhBag. | hsultatimgnecessary to

ClBLEE /08 ! 3,000 05 DEBALLEEY TAB TGOOS5 oo

tHe0 @24 iBAWeSs OfsrthfqeeAPaCkEY, s@det heahigat transher ang

di stance beconmes longer. As a result, 1n the battery
seghoaronsn FigoutfermdtFly. d8redtfiochhe dutsitte af 2D ffheult to
case is cooled, the inside of the battery is not
atgsVedaed ePndyesiqredaveridyatir@gharebridilaglayersnof acked
- t in Ei t tru re qf
TRELELY ShE G HE QAR T Ol Mherd B8aF o B Yore of
2 dhaatdi fgnunet ingmapatbeidDr medn fRhtexamR e,£idsra BAr 0Y$ heat
material to 25 increase the heat transfer area, and
caridiustpaitpusor upeepes ¢ gilhettor matemzdls 4&remystabsed plugy the
the role of heat transfer nmber, and the  heat
SSARBRredly BTt At eHCEER T boS s IFRTirahly lowered.
i d i ' r okl e r r. -
S e ey o o S, RGO RLEY TV e pleeseny w0

tremppeesked 1O 4 hiretbesn hendrigasi degle ot ushagadkcthen of
current collector nenber 47 as heat rel easing :

- aypapeenealt, aft achavesmaperigls shesed asd heaparasoes vdhorizontal

nmenber., That .is,._if. the heat nerated by hattery
TR B dtcimireaedh ton B hR Re Pt PopRaeig favorably
£l t iR i plet BELRE abl ot Rcchatd@iM ah S PLAMLHhe 80t vary
it ?s not lpdesiﬁézgd, but on Fhe ot he?l hand, f%rq'gﬁoot v '
thececldyaons sdent he diatyt eryole ofactiean, iridulasirdesatedal .
that the battery conponent materials be in a certain
t enper at UFECr afgBFabodt PBC REGTS0C) Siagenidisreaspst edde heat

cSlerle! £08) DR PG o8 LA IEGPREOHSAULRIL or oo
caerptry heahat tigf \hGONPOReREeABESSH=AE becomes longer. 2As 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. 2s 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



10

15

20

25

30

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  rel ease.
Simlarly, in a structure fo®5cooling the heat rel ease
plate by force by using a fan, if the battery '
conmponent materials are |ower than a specific
tenperature, heat rel ease can be 15 suppressed by not

PeoptFaticAd ash&sparresssve membart erfpaksis néfetledichh generated

Sj the surface area_increases, and on cool in
oy héae%tl?r acxéeaﬁtéyl/orbe 5f t &1 59 cBnt e PETRY h%fg closed
16t 8, Ofactbei Nkt 84 Y of ACSPESINTL Y, pBSHSRAM J A Rkl ;.
S6A, whenethélbatteryois con%%@ed bg stac%?nghgpﬁg 18 mot

deplited| bty of thel btR& bahd eries smbytlt elettgi drher Ctiid @aktery
col | ector nenber 47, that is, the dividing wall for

TeRSEITei patihgeeRedihat het Brteyy remeesents matierdzld we in a

ROk T R e T

current ect or

re@¥8€ingeRéat by EOREHIGHEY I the p3AshASuSROWN cb &ft8r RRber 47,

the current collector nmenber 25 47 conposed of porous
asakheri qasem pyates , iamgdeheccuhieep biatet batemyd tomaenngnaterials
abEOSi tive electrode cells and negative el ectrode cells

Urt Tt PO by ST 2 B &8 SXPEPSonfPted2 En <y ypigher, a
. I
he%%cﬁﬁilﬂgirﬁ/%’ ntg}%gr%%y n@f B %&QE%(F Ny ;ngé ﬁgésqae Meer v of

not- o ectron but SO at can be~

ther aRatud t edradit céankbyor 3feerexper s0eat @b suppress heat

installing the fan 53 at a lower 36 position in order
refgassppl AT EGol Hh@d affrurbure| Busecdedang difif duisity eleyease

by the current coll ector nmenber. 47 effectively was ,
PI8R B BRIk B BEHE Gty o BB LRCEry OREren matRaials
arONi by’ ath e AS sphoM i Ne e @ d seqekl 9.6 y

First, in a stopped stafe of tﬁ% 5 fan %3, ﬁﬁ%ggse can be
suppesesedr e chchyodP@fiag theofiart enperature, the

thernmonmeter installed inside the battery showed a

t enper at éfe PPN ERERRRU S0 WBERSE00C isizewothmusurface area

j.rﬂ’é%g%e%i, nggﬁl ’orﬁpecéoQLQngsmvé@%u§£§éet %gy gen %f%gzg lin%i.l.uL_fj\.lcv,?:LSént 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 connected densely. Accordingly, by
way of the current collector member 47, not only the electron but
also the heat can be transmitted efficiently.

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

unit batteri-es, 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). A8 the current collector

menber 47, instead of using porous alum num pl ates,

for exanple, alum numplates or other nmetal 15 plates

having a nultiplicity of communication holes for
PQFasiithgia crr@feru geor afPply tHee vepeligyl @ir etoi oleage heat

bat t 40, f
e S5y 0y B ey il 0 o el TV L
kbl e Q5 eAS AROS 'ré/{ﬂ@g{ = %‘é‘:{:«gﬂ/e mo&&fénlﬂa{:hé U gglg%tlon

external connection to a‘positive electr

ad ehoirnah Big slEawnsdeatFey. iaB)Fi gFidét iy Derceppstbetate of the
and in the mddle of the negative el ectrode current
t3gol Pect 006 OVEr HEgaEd vey ell@ftr odfe tropi negmpegature, the

ex con n.si Iar to a .negati | ectrode
tr%é%‘%lnen%gf Qgsrﬁ%‘ﬁegl AT n BRg. S0 S %ﬁ %lé) ?oﬁ d&FPIFtUre
1rﬂ:r8as%@i3@,6dal§idtu§@®ﬂcﬂhneé@7ﬁb§r§| g. 9is a perSpectlve

vi ew showi ng a configuration of cooling of a battery

nodul e 8Rdoprdirgagondhst farct B3 akaexaugreed, byhd cool air was

forced-cooling fan and a wi nd tunnel (air passa%e ,
SEphtE) LorREY Bt A RO W81 CHEROSEA §f rSix wnit batteries,

"Hrc!‘“'h {iﬁ%hgﬂ&téfa 82 fl%ro°pa§\§éd{1%a§%mg§’ge' ik a srmometer

omer reo hé ai'r suc

11{9@31&% 1317 thandat | BheweR faarteg‘@brét%réeh@&%%ge& Oonly about
outside by way of the air conmunication space 82 in

1GFefrawshe pepam, temperheare t(R&ASK er space in the
battery npdul.e 81, and an air comunication space

in the dpperHartreFhe GG MEPE 47 sh t@ﬁ@ ﬁf using

il baiiielon, XAl oLl W e e

plsires Chanialy exanpkepl ikt gy d:E)BcdDr&nLﬁuea@:Bﬁn neeed | palpassing a
vi ew of a conductive nenber positioned between the
refgigenapE anddier v ishat ErarEiohaayeBatusee- el ect r ode

pl ate of Hw%ubabat%r no%\%esi@s Seen fl‘(im tln the middle of

di rection of "arrow X
the positive electrode current collector 45, a positive electrode

terminal for extermal connection similar to a positive electrode .
terminal 94 shown later in Fig. 10 may be connected, and in the
middle of the negative electrode current collector 106, a negative
electrode terminal for external 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 83a
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10 Fig. 10C is a perspective view of a conductive
menber di sposed outside of the positive el ectrode

plate of the unit battery for
nodul e in the second structural

conposi ng the battery
exanple (to be

expl ai ned below). in Fig. 10A7 other arrows than arrow

X show t he’

air flow ng directions.

15 This battery

nmodul e 81, for exanple, is conposed by stacking up

six uni't batteries. Each unit battery is packed with '
angdn the| éBEas yiee $8Puis orebrasesertot PEtpl thwvevay of the air
el ectrode_plate .as,th ositive_el ectrode current :
CORBIEEOr™ SRSt NI HBg BT Vi BT BT od™= FIat e BEEaer {FFce in
cHRegRLLYS, ehephibode, cubdent ool| eGhRhy AN PeLWeENs20:y the

the positive electrode cell 85S and the negative
uppkeCparade Ted brB68, inaFrkepar shovr t8€ anat frowirgdétretions.

degenerated in alkaline electrolyte solution and

passi ng iTs bR ifoR PRREHEIeeSerbEELs VieH efpshedoattery

Bt 808! KE SO SEL BB ) Rt Lo

e a nega

seeteetd10deiast iofe 25 dmakeEdidle | Berdiest abbBdibhed N@etween the

negative el ectrode cell 86S. Between the two nutually
posdfaoenelamtirodd apladei end dhcainegeuimeurdleati@ie glassagf the

88 is provided for passing the air sucked fromthe_ .
DAtHER dIOARE 63 RRA FHE | HEaRETFEOBIBE | FFTHey &Rt Fighl 10°-
Fig;‘.r G ar o hﬁeﬂp%g&%'%‘ié%@tb Ny PAS5394 108 s

rovi ded on the entire surface confronting e

outestéi ¥e ehecposidevyl allecti@ndibthe 88 thAeJdahitVerattery for

el ectrode plate 86, but is provided in the vertica
cagprpettd ¢heibatthey maddile PortticoReeind Rerytairal vaxample (to be

electrode.plate 85_.and_ the negative el ectrode pl at
ot SR iy Fid0p i FREE SHGeS B geRog 1
2i9f FibeIR £ LAY cati on passage 88, conductive 5

menbers "89 are di sposed, and the positive el ectrode
pl ate 85 ®End thetenegabivi: eBect fafleepimile, 8G.sar@mposed by
connected by neans of the conductive nenbers 89. For

StARELRS pBY SLOrIB?, PAGEréRaNpIEECha Gy BAT el i€ Racked with an
g fabri.c o hyl et.raf L uori de resi.n .
elﬁ%lgye )ﬁ% g%gl’ltjll(r‘?{/ll %%geéﬁ ehE éos:.tlve electr¥ode plate 85 as the
positive electrode current collector and the negative electrode

disposed

ow the

plate 86 as the negative electrode current collector, and bstween
the positive electrode cell 85S 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 858, and a negative electrode active
material is installed in the negative electrode cell 86S. Between
the two mutually adjacent unit battéries, an air communication
passage 88 is 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 pol ypropylene, 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
stainless steel, nickel platgé 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
negayite ebertrofachpleheét dfat tlosty is euovbddst by the vertical
|nsulatqr E%ates 3 and , 92 at above and bel ow. The
IR B ma ‘iﬂ&?ﬂgpmﬁ%l%lz oL nHBAOSIRIVE RlacEhRte ﬁ%%afe 85
dpth pect Lye
o St AT, SR R RNRe oY ol S 30, M0 hna g,
10€ur t AerbotAs ssd@wWd i Bhe Fig. cdfmuriidativh Haddhge @3t E&uctive
of the positive electrode plate 85 at the left end, a
MEBHSTS |8Pe ke @é—ﬁp@%red,t énfi FE rogifiye exedmede plate 85 and the

neﬁggg%c%ggg I gaote %ga?yléenégt@g%?c e%dLY ‘%%{"E R fot & yetive

membrs K3, a negatlve 25 el ectrode term nal 95 for
external connection is provided. In Fig. 10A, instead
of the ba&dtrertheneephent@l, a7he fobatekeryldyodul o fabric or
havi ng the porous current collector menber 47 shown

NIWORETY faérhwfaﬁ%ylﬁ@%%%%rafﬂﬁglf@@d r@m h@ & RdE eRs/e Nylon
d t
oIS 05 4t hihliRe ROIBLL FQITM (0T g cne

cchlufBieb aetisad.ssThe i brat ﬁl&@@éfﬂmﬁh&h epfd SriBeige19fnickel

al um num and plated with nickel, and a nultiplicity
matRl apratsdnmundksdt imenapagsidg esarigsh arletpr ovidked phatdde iron,

over rection. The heat transfer plate 96 may be
mﬁ?@ﬁj ﬁ%reé% fi8S cShtftict i KRR nBARtED, CRHRPImaPTh S lar

ma Aserd eda{&?téﬁ‘ﬁﬁrbéﬂé% %e e @ge J&%ﬁ{;? %ed ger.r?e@gted in

e negative “elec ate

alsmkmi é]la:cf:fdﬂmtteheolﬂttﬁ:kﬁ A0 ndi33aabing heorisnt ake HbAng an
83b may be passes through the communi cation passage

e@ﬂtrmhébﬁ@éﬁﬂﬂiﬁhgﬁ%Tbphéﬁ@ 96 al so serves as a nenber
contact | Nl L 4 e POS) oV endl ek 7° B 3LE,P

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 .prov'ided. In the middle portion of the negative
electrode plate 86 at the right end shown in Fig. 10, a 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 .
shownn in Fig. 6 may also be used.

Instead of the conductive member 89 provided with the

ailr commumication passage 88, a heat transfer plate 96 shown in Fig.

ator pla*'es 93 and -
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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 rgpatively high in heat

conductivity, and is preferable as a material for the

heat transfer 15 plate 96, but it is likely to

oxi di ze. When the aluminumplate is plated with
1llnmgkete usrfdatThen heat suppskesadatangk tisemedmtedc fluminum and
resistance, i.s .al so_ | owered, .and hence it is further
PIGFER dftl BBl SHfroRRLTHdFL Phethaat GHHHETGICIEn dassages
979§re Z&cﬁméea hir{ c!:hét {fé&céi%éfldﬂ@:@éﬁ. Fi e illgaﬂ Scx%ﬂsfe plate

cross-sectional view of a battery nodule in a't T
965 triatyC ther alseelx dmptead Fbfy. tHE3 dchidactiagadiceR0vb Ngand M may be
flowing directions in a heat transfer plate in the
inggreest gen ethe) PaSi§ive 2leghgoda splatieoB5phat eshe Oregative

8 in Fi 2..are 25 onjtted. Fig. 14 |
300 houned n Bl Qe d 2R 625 Lo A o Lfe tan
83R2LhE" ¥heMaekbRe | firfisdl Ay UEN®aRaLS ey JIBAULE Widisnication

conposed by stacking up a pldrality of Tnit
passbagerdes. The ebedt unatsimt trelaye 196t wieo petwedl 2 a member
c(glggosjng positioned positive el ectrode current

FEdEoMISE & BO°HEgA! FYECEITEt Iate chf ram the negative
el%el:}o tﬁ\gﬂa&g 086,beéchOW§' é&?nﬁegli?{ ﬁo%&%u‘} eec]t%r%éré;(?ete plate 85

corr or degenerated 1n a ine e

arf0| tiid Ofegatfifg PelStRgid 0PSaNdshote1RA881 016! €GHHONS  has
are disposed alternately and adjacently to both

elegerigal conflectionsy. Fuinhehris | yespech, ualumingmt tier yeldtively
t he,space divided hy the bell ows-1ike separators 101

1% g8 t%@cgaéi:t i%lé]:%ré‘ier o8B9cuts erﬁeei@E?'Yeé‘é’t ofi®y, 1@ heat
RAsELiNMe, el a¢d ade shagt CRatafiin

- e ectlr ol %/’fe sollut .536% 102 %%3 S‘%E%J{Hvlegoglntehﬁ PS%% transter

placki 9& mitettalsi Bikdlgposeaskidand. | Hdhe th afRmehnh dRdte is
by the bellows-like separators 101 and the negative

Plefreet rode cuFdedt @drrekaror isocuppraespetl i vand| ber ormtact

h 104 cont ai.ni n n_10 el ectrolyte.solution_10
Sitrdosa T atkethdaddfte (i lh arthe PReiidie as o

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 is 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 pbattery module 98 is composed by stacking uwp 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
negati ve 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 99, 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

10p| ave @Brefeiveri fedengratied iie Anseikedins @lastnt@ycenwlwion
wth the positive electrode current collector 99

anénBaﬁ?ﬂ'rl’tg BIEE 7 TRhdPRATRENT nBiRAGRS ér@cﬁ%%geéuﬁ%ﬁ’ﬁmtew
Qct:ﬁ{tl Ogoofjo{kbecﬁgﬁ{ Hcgilt ck}@}é ery Furgﬂggh %a}cgl unit

|re t|on f the air comunication passage

bdteaty, tihafké edpapk adieri86d At rekdes] 1wk HLikbesyehiakbeas 101 and
direction of the positive electrode sheet 103 and the
th%g@ﬁttt«@«'@el@@ﬁﬁm shesent] 040l leBeoneth tsherqsdsive velectrode

g ﬁpgde current collzctor 99 and t@e n§%§t| N

dé& 8??815’9 &8I 1FEET 06, SPRE-SPha i\ depitive
ﬂnﬁ&?oc.% ?a%tEZ@é' rﬁalt\é%&i et rcﬁ@ﬁo&@ci' a3Rdi 4 ﬂfeg%bla&@ divided by
el ectrode cell by the separator 101, and thé region

thehi edddwdyl ikbesagpatat0ri 010 hndndhée heegapoes teeetrode current
el ectrode current col]ector 99 and having the positive
CleetPodeO8hect TEFRTES hELpESiCryesasict + e cOBFRinIng  an

el%'gd c%ﬂ%ce 1ondie{ﬂ %%8 byne:%l%léepeﬁr Qtt. odIé%}tJ?vrld L erlal is

nega Fode cUrrent cot |ector and ha

s&&J aé:hd/ etl% Ji@6e SheRit 4 ishedtherdhl amegatd Vﬁegatlve
e ectrode cell. For exanple, in Fig. 9, instead of the

elegtreds syl €081 aren mhmls'ls'cmemblagi:taﬂ aiotlaxar[iée of the
using the battery nodule 98 of this structura

REAPTE, an c PPRE-1Et EARFETROGuFReg8 108 99?t§56§wW%QF the
pcgél%g 1}7% 2(—3I|.etclﬂ§ocﬁ3=o Z:Iu&'k us @lgeliqde seur %:‘EEF tine CﬁLéaitg.gg M e Pt rode

e negafiv ect rode curreént |'ect or

sheeRPose dtptattie with athehaydaig vex 6Bddtedle eheettit Gollector 100.
conductivity and _heat conductivity respectively

BetwReacthalitwec W?J%lilt’ha@]ﬁi@e{}bsmtv datedraesr ode digabt transter
o33, 3 i negskiye ol et iade sleek 104 MG LS M e
pddi@ASE 1Rk 8@ current collector 99 of one unit battery, and the
negative electrode current collector 100 of the other unit battery.
The direction of the ailr 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 'cuirent collector 99 and the negative
electrode current collector 100, the space is divided into a
positive 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 positive
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 negé.tive 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

comuni cati on passage 97 of 4he heat transfer plate 96

al ong the 15 direction shown by the arrows in Fig. 183,

the heat generated as a result of battery reaction is

efficiently transnmtted along the directions
nEgREL e ECEHPIEheldrr ows i n Flg 14 and i's rel eased to

out si de. §%) this.manner_. th

du

battery Rl |anr%?ht gi et F?\ E‘Bf)gt?atrt&ﬁﬁ e 8l
it hale tRechatieiyeieACtdoR-TRY R n 2%@%&@&@& module 98 of

snDotth As shown in Fig. 12, a unlfylng positive
tidlsestrunderale exampite, codmh exobmrtlfleo&atsem»r ouddled oat t he

end portion of the positive electrode, and_a unifying

negat i ve A8 eSHMBdaTc UFrentl%ol Fesct BesitdBe  edeprrnded cgrrent

o%e&@ egg gt t{x] eéab €qaLLy. 'eé%&%ﬂ% 1 E&%r 100

CI:O
e portion o ery no I NSu

cdifpabes df7tiancnekasd rﬁﬁfﬁl@réﬂééiqe_nt' B1édtei A %h&uctlmty and
portion of the unifying positive electrode current

heagl |aenthertiV0BY aes}mstive:ﬂef alaatacbdéitesthy naith st | positive
to th sitive e ode term na f or_exa

Sl [PPRer oL GRS SR PR aR e Rder T ot el 4 and che
) L0 i Eyin I YeneLaet e
col {éc?%l?fei%%% ggnegat :?C\)/OSQ:OES%?% odlgm4 &t%ér)a%n r?%#ﬁé]%}t plate

o6 mhliah playshehsegael ve¢ elegingodre tigsdTitnod Sfacthofie current
exanpl e, shown |n Fig. 10 is provided. The positive
C@ﬂé@t@bdé%ﬁ@ét thes P@E%Vﬁe@leﬂmmaﬁﬁ@t b@oﬁéﬁtﬁg 100

vent to._a itive electrode active materia
e]'Sec% %ﬁ?@yl ve AFF%%H h%hd""%l T ERESEE p gh the air
crROSAL AN YisRg ogn taeSHeéé F &tk FBT4Rd N0 Aong the
pl ate, and hardéni ng. The negatlve el ecttode sheet
dibkttion fshowedby fdre exaopd ein BigaddB ngtle dekbventndmatad as a
ative electrode active material, a conductive
ref%lﬂrCero I HRErery e5%3rtirs #ﬁk@félfﬂa%}té}’c SHPBITGEE, alon9 the

d:h%%% X&.rx]ag cg?l.setéﬁ %., E%:tgv?% 29& 3 ioaﬂl at e rgf]ealsed to

ar deni ng €‘positive e é actlve nat er
outside. In this mammer, the temperature in the battery module 98

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 médule 98, insulator plates 107 and 108
are provided. In the middle portion of the unifying positive
electrode current coliector 105, a positive electrode terminal
similar to the positive electrode terminal 94, for example, shown in
Fig. 10 1is 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 may be used. For the conductive
filler, carbon fiber, nickel plated carbon fiber,
carbon particle, nickel plated carbon particle, nicke
pl ated organic fiber, fibrou42nickel, 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
tetrma-mﬂg sieFaT &oukke ceJardienglgctmdseratuimalt 95,1 ZOC, ev@nple,
esin dlssolved i n aTgolvent of evaporation

SW%ﬁpE?gFﬁré' of S E18791 ess, a resin dissolved in a
solvent s@lu &e@ { &lero8l &1 &Sk ) Vedyl ey
sol vent sol uble fhea cotg e ugéggsgg%ﬁ?’e%gr 1e

bys Uktingt @, salneaketo plaatpbsmtlﬂt helethegér el material, a
conductive nmetal plate may be used. 5. Exanple of

C@@Pﬁ’bwel fylleghapredrenesyt tearmeke 2 p@ssy v eteys o vial applymg

ogpopent 1o the_batter char gi
i sc%%%glipar% 2? @o:ﬁm gh™s) pS‘eEB%E% %‘da%?ﬁ%ﬁmﬁl me%? negatlve
elddtsoacapasi tion cOMRRREA! £drhexshal aﬁg JRYNY S RYeERd o a
by the battery, and consequently tﬁ attery
nepatabe ldleyticse bet brhanctedallba ecorgipecifd €alley,, ahfice resin

the internal resistance of the capacitor 30 conponent
£¢ Fekfef IREPUE HETRORE 1Y e PRRIY Pgs PRt ArdPSFaih g0 fom into a

h
sp%ég angé§ Jgﬂgﬂort ggg?a§§% lggﬁg%gggP&%G%%ﬁﬁ' ?ﬁterlal’

tHEinabat ivhas BRE ranel LitschaigesiaBnért bRy hald Al ¥orihar fhoerial
charges and di scharges. To obtain this effect, a

mayhibersgd. of Fora thar gendvapid tidd lenpaeirbyn ifSbenserickel plated
_ b tme n the oarator nd the 5 positive el ectrode

PR et Gie KRS satdoRnBR 6 le, nickel

pfé%gét 'oY@arﬁlceqﬁ)@fle PR ARGl ROf, SXAIRN €l PEN Tor nickel
battery may be conposeégln a conflguratlon as shown

foil hiag. bel mseff eitterualéndairt any cahwmBton Fi @orlﬁhetfé%ln a
positive electrode side is surrounded by a positive

therEeprasdec dinslenet sdteninde sevperptiret e Upe§atidpeC, a resin

Iectrod side.is surrounded a negative electrod
of FRRE Tatbrite 15 URESRY MpRt e 5 EHES restn

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 alcchol 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 h_lgh speed and in a short time by this
capacitor component, the shortage may be covered by the battery, and
consequently the battery durability can be enhanced. More
specifically, since the internal resistance of the capacitor

component is smaller than the intermal resistance of the battery,
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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 but passing ions. In. the inside of the

whep stharged edret i sdmrgefi| atl 85high bepleedwand iikea rdpwoveime, the
cloth 117 of pol ypropylene fibers_containing a

CAHFSHHTY EEPFRN o JB-1 ot | VETHRR efich LisGhatHSSy ey the battery

%té'!g IHhat g separ a rH]g i ' , and .

ha?g%t; her %Sgé\%] glws- |§§5armf‘r§e giély%g%seg? éﬁ?’cﬁe?‘a eora:\Lrahl ot

a Qafdaidabagi torpeabddite ielieeki-o8e Relbse Rt 8&dadbror and the
entirely contacting with the nonwoven cloth 117 and

posakiveaklgcumseastiivg witdriaheapddietiveen ¢hecsemegetor and the
current__collector 111.is disposed. In_the insjde of

"PH l"r?ege&FF{?éoc%s TBFEC T ode "RBI PARES aTBel Fohs PRTIEY maY be

cchgBYey e £10kH:i 44300, ROLYBLORY g higbers containing
a negative electirode active material entirely

contacti ruf witieh tulie Slepaeayorshbild iis digposed, @Rd positive
further a_bellows-1ike nolded body 120 of nickel foam
eleshtdeni P ASgafyewdectYode FSELvEametedtapde current

rely, contacting wi.th the nonwoven 301.cl oth 119 an
cogg%ﬁoarl I%/ﬁd ontact F%%a_ltvvivF h eltiﬁggjﬁ%%gt PV er%cls_}%jé‘?émﬁl_ﬁg %Y a
neagtine dmberbd didzehs &hispessd. 110 the ¢anf oW 3d@hon is
shown in Fig. 15, the bellows-1ike nonwoven cloth 117
switogwledgpbypsh ensulebar slland Thaeitreldeowns - thek eclid ngmmennded

cloth , 119 of pol ypropéjlene fibers correspond to the .

by $pERI 10T oHpBNETEs WS 197 FHECEYDSEE B9BE1patt efie cell is
i tk c nf]!'; guratio own_in FEi.g. when .

Se?ﬁ%é%% I gﬁv\gql I ke nor?%g%/en%l%%fﬁ&l\i\ge%? lﬁ*gl y%%op?l efgactve

eletbes® aadlt hes bakl ewsibh ke=meanoy ep=10loRt M ikt s8farator 114
pol ypropyl ene fibers were elimnated as shown in Fig.
nots5coxyrsledyer edeskndimtgdsin ap0e6lkskines eléntrohiten spivetion, and
el | ows- onwoven _cloth, 117 10 of pol %E%op | ene
[ t 1

I i k
oo R L A LHEIDER | oG . FRRE D rieen clot e of the
pROL YRS ap-enEsd | RARS 1981 €5 CBIRLACH 1 NEf¥FLE dickh 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 bellows-like nomwoven 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

cioth 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 plurat4ty 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
a<2§hmmnaitﬁ‘”'¥alg 1121is ﬁ@sm@achlatﬂ@cpgm@lgueaam ghown in Fig.

f bat t tructegd b
B A F P e o WD o € FAVPEROSe jhge and

. tthebQP:ﬁ:Ms' Y&L! ephhade, C@l%tﬂndlque &eg%iﬁoagﬁene fibers

el ectrode cell are disposed so as to be ar

cosaeEpaidr estitencamsitbe heokémg.di rection (arranglng
direction) of the unit 25 batteries, and a current
coIIectoﬂﬂpwaﬁec%@ﬁ¥#éh@fcbﬁtﬁﬁﬂbﬁﬁﬁ@Wbéﬂﬁ gpnfpguriagion as

Sh%f“’rat g_%g? gsectv?%ge t@leatl%aeﬁS arhd ng t|ve el eft rodlel7 of

posi tive el ectr & ¢Ur Fent
poQg%i’ ehe9%:§ad.s fe0ate epel REELDH@ ChHk8Rn CeIb@rt Oy of
in Fig. 12, and others) is disposed between the
pc@g§r¢pyhenelﬁiharsdwenaebﬂimﬁnamad a¢ shatvoalh yFi30 aﬂjamhantycle
unit batteries, and the negative_el ectrode cel

of
LigEhERS 45 O0BnFYCisst t 3ty WIB) Fiof riehdCYHid ke rigmpven cloth 117
o S SL I EhDes SOty 60l hasi gl TERbaRE LY Hn Yo of
orous materia refri eran passage 1§
pd10pr@E sl lefsi dendriie weus r@mta@alea,ecw. e 108 WeeN more than
current collectors (positive electrode plate 85 and
10négatdvrdes. electrode plate 86 in Fig. 10, and positive

el ectrode current IIector 99 and negat.i ve electrode
current col PECELY T Fﬁ%eéo 139 wp a

pIREDEr, 89 (38Rt gnatga%lecgsowv tgs Bbirs ﬁg’%@gfﬁ% 8 e

passage 88 I1nthe m or t eat tr

Fig6 (see Fbg. eddnplbaviag: passiagehkolféseft@ingi becond and third
communi cati on passage 10 97 is inserted. In this

| STEURFRGRK LTS hE METakideralt iebynithdatsaries yhaving the

(niact |aocnlOI(_:lan b%oeffl C|Fent I yc t akegal gcgn%etc gdref I‘Sle Jcf:ersar]}}y way
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 1is 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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exanple, 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 |intbed to these exanples,

any heat transfer nmedium nade of gas or liquid

generally )nmown as heat transfer nmedi um nay be used.

Still nore, a battery nodule is constructed by

w@#ac%qigryup aBy| dparing shet rerwentt patlestpes, (thad @urent
t he 03|t| el ectraode cell and the

2
Qﬁgﬁgﬁl{/gg‘é@agt & de:"ri:e?éiJL arg ) di¥pdETs & OySpdaterial, a
90084 IS ATR: GEREh ORs%: (R ackhdduditection or,

(arrang| ng dirtection) of the unit batteries,
batueerntureeht ecldecturat époditiirve esllecebbdiee pllate FEI-HT’Q.&ﬁ deGative
in Fig. 6 positive el ectrode plate 85 and negative

elecsEpiodelaieat @ goni Fili g.1010, ahPESIVE v €lerEmdeodairrent

c&%lei% { f%xgl ngale_.{veg gei.% ntq 9 atcu%;]:\é (r;“ St)e | c%i&éﬁ%gog 0S e r r e ot in Fig.

1het ween b&mewélwamséle0@bod@se@elﬂ=l Of1@nesefming the air
nmut ual |y adj acent unit batteries, and t he negatlve

| ccatrum:rajziencmeﬁagé 88him thei mibidld ey, thedherte tensEnt plate

| ector plate (current callector nenber 47 in Fig

9%) X g f5%d %&%W &asaa%% RAiFF et 61 [comTEiopsion v&?ssage

]__&%31 t t t 6

9?3%533%%0 ec?%r at esnﬁ 0S| |\% gﬁ%c erag%dgeﬁgi%% gay the

baftdry Negatime dalne!“atar et kAt B, GBkeA Fite tho, réﬂ'i‘igerant (for
positive electrode current collector 99 and negative

 eEmpéer od cu‘-rrp@nt:héomﬂé@ﬁr codedter, Fagd ¢2) bayrdleased to

-5 ect ed, ct area y of the 5
ﬁctsiovgh‘?ﬁa C Cﬁalf’ge “feat transfer

pl ate 96 :fr§e€h_1§:' Q%aﬂ% e, aé]ijrt I‘igr qlRke §d NCErA gerant (heat

plurality of unit batteries are connected in Sor | es,
ticheferuiedairent bunt eatead, b&sj sirapeBenflighed dedt berysed. Not
nmodul.e may be.further suppressed. As described herein,

1¥itednte r%@??nmeﬁatWW%dE@Sfig ‘B%dﬂélﬁ‘o%ﬁde? L gas or
tall |
LD R BB e A B B PSSR0,

suppressegkill 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
a.ﬁd 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 extended in life, and the

equi valent internal resistance may be further

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

the electric railway 20 pomer-supply systemin the
adjiacent pruefent ecoldrbbdr nEetesf (pdeitivayebddtonde aplathee 85 and
: substatlon 9, .the_njickel hydrogen battery 8 is.
DeEREAYE | § %C&efﬁfi%d PLate he® f eBddrSl i nd 5 %ﬂ% RATETHNS | prpctrode

fl ) e
et S 89 S ROl KELKBHICBIRES eotisctar, 300 in

Fisd. epLzoi OWﬁbeQDI&Sﬁnéc&eﬂOItonae Gede bBﬂ@aé‘dW exrent e wa§ of the
device is S|an|f|ed in structure and the
copggt st elpel c®%t (dee Fieduk®d OrBésadesranSfereplaeﬂc% (see

o b A0 FLT OBk o G P = RO car eie aPecirige are

ef4 s nd e | a
SRS S sl etenia | Meciebiethtte ot e

ba.,txedyals:dtlhee 12y bbafugehdr stbprgesedont rol device is
omtted, it is free from47 occurrence of harnonic
noi se whiféh d{?éﬁrbﬁ’%d( {EBSThe 11 GREFEIHSHLES, thFhdattery module

t t the.f
2 SReFt 68 e e P PETR A Toh HECATAEY r i 9Lioe
st@ﬁi&&ﬁ&, HeSehaeaer1a6h! 8, B85, z@aetidme daﬂstbal I gn%sed

space for the device 5 is not néeded. Generally, t
amil cee¢rioydr sgeeibbitiery is svpghessed, vahdimheebartgyy Ja:rﬁé can
vast space for installation,is not needed even in the

D% B8P -he NAHEREET hydhoo G Bt Fér y-nge:g?ajh,%l%%a o the
b%%%ggsl n tﬁg Tal i PLLGh L0 o tter}i&%g%bve e pypickel

e structura exanpl és descri be
hebapesikgrehe fiickekcdyidroge nlil%t t ehyl thel @ghivdishn glnternal
the battery nodule fornmed by st acki ng up unit
repistanrdernay ehdusthay sma¥lgrt her reduced, and the space
for installation my be snaller. For exanpl e, the
ni ckel hydrogen battery 8 of 750 V and
6. Summary
' 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. In this
configuration, very expensive charge-discharge control device such
as boosting and step-down chopper is not needed, thus the entire
device is simplified in structure and the manufacturing cost is
reduced. Besides, there is no delay in operation due to charge-
discharge control device, and it is excellent in rapid charge-
discharge characteristic, and the feeder line voltage can be
stabilized. And if the boosting and step-down chopper used as the

charge-discharge control device 1s omitted, it is free from
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800 Ah used in the denonstration test is 18 nB inits
volune. 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 édsing 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,

- ocgrerrginicengt dlrpower nbise vandhpeay dgeapiy, the signal Idenvgce.

of third rail _.and current coll ector shoe. Since the ,

ni ckel h&%@oéﬂ'Ct¥%ﬁt Wi s PV FHEP 1O SEEBC N 4hg fivst
prefeliy CufRliRlnSUHORNLT Senobe; 40! 4308 nGf HIgHE  charge-
~event of sudden release o arge current, as onpar e
diwthdraet kent sl erias, ahbeche| irage] TiraRge spatce £oADEd device
. on the 25 whole as the battery. \Wen the unit
ishaPEerpedechf tUsBeTRldiel they@idgen ydressny ety fisr egh in

it _batterj hown i.n_Fi.q, ‘exanpl e_of .
VAIABTETE) dia et e [ HRIB00R enee Rt gven i
tref Egsd &f chbentiieke @g?&@%&égg%t 8r ¥ §BRY DR Bt BSiposed

enhanced. 30 Second Preferred odi ment 748 1.

-ofCenfmujtipliconyart oper daatberoés el ens r sleownaiihwaye structural

power -supply systemFig. 16 is an outline structura

SATBHTR ESF Brde PRt i &Y SRFPREYY poReridinphydmigsndttery 8

n r d;§ﬂg di th i nyenti.on, _In _.
by?l%%ﬁ?r stéjpﬁrget?%we err%oggﬁﬂe%% %}f h%%ﬁ%{grﬁgelu%ﬁ%gggﬁttenes’
tHeakt ok yid MAashéNstaaubed 28 the subet abbotn®ah9%tion may be

electric railway. By contrast, in the electric
smediénay Fsoweseamplspl yrheysidml iydhegers dmoherpréefadr r7éd v and

nbodi ment_of the invention, electric.,power storage
805 é‘ﬁ%%l T i CTONEFRERE BT NS ERdY N A8 YRIGRE!

hydrogen dattery. }chefgﬁgkgg%?lﬂaﬁge Pther hesitigns oy

than the substation I'nternedi até points

rdseby@ese, atiselkabaht Wt assk ejdhetrasidistat tieh thefery is smaller,
electric railway. The battery nodul e for conposing the
thei dieak H*?éﬁo@én reduced, and the heat releasing device of the

battery may be decreased.

In the electric vehicle of railway, sﬁdden changes in
current and voltage occur due to instantaneous 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 ﬁhe 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 first4preferred enbodinent. In
the electric railway power-supply system shown in Fig.
16, the electric power storage and supply devices 10a
and 10b have a 20 structure in which the nicke

1.hy dcogiigurat ier yarl igpettatant | §f celspltetic t patlheyf eeter-supply
line 5. Herein, the structure in which the nicke
SHAF8Mogen battery 8 is directly coupled to the feeder

0 LIPS g 3 SITAD ALl RS e

enbodi nen e nlcke

raﬂlw&?tMeQOS‘@;];ﬁ Epsddie ﬁegdsécdrﬁner&é&reaoc&ﬁbo%ém.nt of the
char

resort to a ge-di scharge control device.
imviepkedn -hydirogee et e:rryﬁfamtmis embsdpesict i tlee ehe:k:bloﬁ;edrogm
si de external te na onnected to the feeder line
DH-EEIR A% 1S ﬁg%? teé?%od%*@?%ﬁ%““e?té?ﬁa? 1§CEHF nBRLiway -

Byw&smag to,t Eﬁer@m&l&o%ﬁwhgm C%@; tehSin the

a palr of external termnals 0o 0gen

sdamhtiepyef@rded anbogimmecbe d-He ihhendieades1 donec 5pcﬁr€§ storage
the return conductor 7. As 49 nentioned in the first

ansy SHEP® deEheRlilfeAnd Lhe mq:lp@@lnnm;r@eo@:eqkelbaycﬂ:@gfem attery

| t I to th
S bt TR REPGe ROMELTR dUoreens s aniReh, such as
1r@Rembdi 2N RenedURGden dir %ﬁﬁéﬁéttlgnt 05 T88H8T JbB8Aon for

and the return conductor 7. 5 The electric power
eldatragesdandaguppl y devices [0a and |ob are installed

at a different place fromthe yard of the substations

for el ecttic PaiteRdy vkt BPF oATTHRSENG| Eher péckel hydrogen

TR i PR PR o0 RS Sl s men ko e i

cHeD @88 |;Q:*éféf1&edj'eﬁ@é‘dmién§0c§lp|t§@ t v iBRMA PR fhe tdifhe as
feeder line 5 different fromthe connection“position

thef eheeurstale v amposdngbtlamdiitkel floddegen ibaet&Sy 8 used
e opechiisall X gl the el ectric pover storage and
directlyrgoyp %geé&lkh§aiﬁ«%‘;fe’bo\beﬁ§@ply system shown in Fig.
16, the electric power storage and supply devices iOa 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 external terminal
comnected to the feeder line 5, and its negative electrode side
external terminal comnected to the return conductor (rail) 7. That
is, a pair of external terminals of the nickel hydrogen battery 8

are comected 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 54@t a position closer to

an end portion Se of the feeder line 5 fromthe

cl osest substation 9a for electric railway to the end

portion Se of the feeder line 5, or 20 at the end
mpyitheh He die t figrstequefeitate dnboliimdrite edrectriickel hydrogen

rail way pomer supply system of the present enbodi nent
PP gL S ERL %owuwrtasﬁowrltaﬁéom%g@ngﬁé@tm mhn SoC, and

cl’%?:% rc%_s% y&gtg&te e e[v'llge \l:l%hl cl ce}'?eglglé 43 ‘eLchaél kae coupled

I STaccunu e nc

dimsta) |t%dthé1 fleB@ef| Bekr b CarPOWRE r%%uﬁ Qfd’i‘ﬁﬁc@&d 7suppl y
devi ces 10a and | ob. The electric power accunul ated

i n t he niBkelelegtroyepovsat tsepya® iands uppbileddevices 10a and
ropri. at.el o the electric vehicles_ Ila, |ib, and
1Cﬁ‘$p % tcﬂlﬁé Gt tﬂed&g% RIZCE T Mhetheeerfid of the
sdﬂs{’ﬁt%nssg %héfecctg £ guriaL] onsuﬂ@*ﬂ E‘lérpeh f\69| rggz \tfgucl

f eeder ine 5 econes omer t e vo

94 kedndis k ehd hytth egjeke b aiytiesyerbBatediBst Hese |t§§t élé’étrlc power
power storage and_supply devices |oa and | ob, the

S%\ﬁér@ Pedd FSE%EH?ﬂé/r g‘éf?}’ lfcﬁé mlfae apficREP RAydr cgeectat tampled to

f.seder.. decline of. the feeder
péxlttﬁén%/o Tt ag% ese Gl§lep Jrnéisé e@léﬂf o FEOUHES PRBEHeR Pesition
of U'Eﬂén%uggtéﬁl%nbn@av' g4gl opl eGld | nyeRlbehes Sifuecto v,
decline of the feeder |ine voltage can be preévent éd,
spavd fidwllyr uani tge peiekborimanesenf stdragel andr swpighiel®s 10b,
I s guaranteed, and inconvenience in operation of the

%WF@%N@%@G@ PeHi®es tarlipectlyy opdetrd Farthrefeeder line

s the r n _of t|ve 0

f%egé r | She vo%(g %ghbeé) ?ns %’ugls%ae 1380?/% %l%eé%/eoqtfféﬁ gratlvay
a@f tiRe slfstiGkal oBydrpgerediatt etyi®aiN the Qb@ctﬁck Celectric

power supply and storage devices |0a and |ob, th

paviesk sEorRpdr egénsupatlVedpvEd 3 0ehatiyedhickat hydnmganlmﬁttery 8
of ..t he feeder¥%§ ne vol t age |s supgressed As a result,

i SyEhctht FOHPYeS IFGr B riBtRerliffoate PRRibn closer to an
e e¥%ePi & scaRE LHE feeder line 5 from the closest substation 9a

for electric railway to the end portion Se 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 configquration, the regeﬁerative power
generated in the electric vehicles 1la, 11b, and llc is accumilated
in the nickel hydrogen battery 8 installed in the electric power
storage and supply devices 1l0a and 105. The electric power
accumulated in  the nickel hydrogen battery 8 is supplied
appropriately to the electric vehicles 1la, 11b, and 1lc, depending
on the voltage state of the feeder line &

In this 'configuration, when Ithe 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

wast ef ul | y.

15 Herein, the feeder line 5 itself has

its own resistance, as when beconing nore renote from

t he subst at

ion, the voltage decline becones |arger.

In other words, when the el eg®ric vehicle running at
a point renote fromthe substation accel erates and

consunes a
decli ne 20

| arge anount of electric power, the voltage
i ncreases, and running of the electric

8 \ishile¢ elpayrise pwer (Ftiswage R shEpko ifevacss Mpeand Heb, the

DTS, aF B RPBRG (ETr Sod UGN CRER IO OWSFTY 4 PRES the

féeBgF llngu

vol tage e evation o

tandt H@clr ?@ 5% ad?l%e £ Qédg:{' ?Llf'lg e\%qﬁ:a%% g.% gup;grté%sed.

eder- i ne near

aebeedgile, vieltublles ganetahingg of heh 3 rsegehen aélare rpOWwethicles
tends to be Ia&gfr than the voltage elevation of the

@¥%é9e¢”ﬂ%ﬂ% ek

Spésrdaroming oxditage eare bsubsavanteh #9d the

goggar E the-elgctric vehicl nd may result tn
r'eg a|I§$e or Eﬁ;cpré%an%s *%lgu%?%%F% and

h@ﬁﬁ%&ﬁdﬁkf
line 5, and

ﬁha@pémt&@ntap ﬁ}@léitaeéeepécttr'ﬂ@ vé&cflggd@gn be
the distance fromthe substation to the

awglided r i Fustheweltctie dimet b Smeoatiqr eifelreg@eratlve power,

enbodi nent

Hel €t FFEPo

of the_invention, in particular,

heRe StOrage RRETS ubpI F e #PEER rnvatepos 6 the

i A ableoheluced LheSUbSLALLON A0 N0LLlS s seorae

ddvilcks al caeBed of ot heher aﬁ&elA&yax&ge[rﬁi’diltEer}I hee idi sk, and
between the el ectric power storage and supply devices

elxvationd dfolyhandesdry dliset voltagehiiel eupprmpste. sets a result,

ffectlve to reduce

| at I t
racepltanieny fan Loy U gt 5§<aub51&§cﬂaﬁe 51 RERE=TSedernd the

ke et

f
df BBe Qafle@tﬁ %ﬂi £Q eva el Og& fully.

ttery 8, or the vo age e

- feeder 1Qidrienir, volet dgedat 1ihe 3 iineedf ehlangs ngmotetir@ance,

ni ckel hydr

ogen battery 8. The electric power storage

as‘anuh%rupb@gma@m @eFe| oEakel freh g LRLSEREiSN edhe voltage

dec%.:.nn ebe<:S uo

rumning at a

st f“ Qns asg f e&UI red and WHERE & Qtelectrlc vehicle

point remote from the substation accelerates and

consumes a large amount of electric power, the voltage decline

increases, and

ruming 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 vehicle 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 probiems.

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 requiredsland 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 10a and | ob
vehielg.nsthl Ité@ setorpiomef@amdrr@b@dm#r@ ddethe anvention, in

le a ear substation, the electric¢c vehicles -
s et FhenelS Y e CHorals (P PRL irsicgEofca and
10Bowes ffQanihe x%t@eéﬂ '&epe\aegtaekﬁr 3980 dcheueeiyy%m 9,

devi ces 10a and 10b. Moreover, for a s

ort heael end rtempankr et eragmeanﬁhlsmplemdj@fl cks keacland as a
lob may be wutilized in place of the substation, so
rechbt, tHEe SGBsange] @ﬁtm lfee ghelirigapavan aﬂ’@@é’dm and supply

ev\ai&pspll%g gng 1J él n 0 thelcSlflrb Cct' 1;e,:sgtr?ra tenpo ari ively

en laying a trac Stor &

sh%gtér.nd aSHPpPY Yisd Sfffé’c%?evé% ee@iu&@ %@avaﬁ%tr&% @Jfl gl voltage

bet ween substations, 52 and the interval between
desliyst abf ohlse nbgedse ex,nended thanditnbe ofiudberharefing from the
subst ati ons QE% be curtailed. As conpared with the

m@]{%Jct RYEOIBRWEFTIEE B &ge and S UpBI IR est ves 1A Plarde diseder
b
Ogt t,_fi% @Erﬁi(% c u%]%%g%f {_?«111} g'EgE%r g‘%d% %ré.battery

cons FUCLI On cOSt e S tronT

g.Further, by abandonlng the existing substation of the
track, electric power storage and supply devices 10a
and | ob g lsdectrist gowed, S@ﬂdﬁﬁheﬂﬁbcem¥iyIdﬂuiCﬁaylbe and

tilized effectiyely. Thus, the electri ower
1051 Bk B ARG VPSP SRR A | B TBLEE, Fo6q e mot
tt f sihskati is 0 t -
e [ BT QEotifs MU BboctfiG | ORI, 28 e
disesndd osAwdenvtisd rabstatibast ief shivet eliectiei Qot ahéddyary to

power - ﬁgfly systemin the second preferred
insghbYiiFe ofsadsaon nv &t oy 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 power
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  function of the substation
temporarily.

When laying a track newly, the electric power storage

and supply devices 10a 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 hydedgen 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
anchghe ubdearaloietvern shibstatiionpover bst extzgdedn darglu ppé yrumber

evices | Oa and_|ob havjng the nickel hydrogen .
D EBIS s e a PR st | i SRR Hebe APt glectric

t cLrtd FaeSit: and ; spyhRpl devices . .
st EbECLE] PN nLOLOOR A D TP CER, oo
hytdregeror itnaryes ng erstad efnssubstidh @asti 6ft €stedubddhition is
this denonstration test, the voltage specification of
Eremerdl@sder FlyHRen, s bysebandapangt Hee spasting spubshatinin of the

he nickel . hydrogen battery 8 is 712..5 V and 8Q0_ Ah.
S TR TFIT GOV T R 30 i FP Py Sea: oot Hb ey be
irdcakedg, hyds ogen vhaht&! MaBa ansg, GRN U‘éﬁi%dé@gé%itég@f% . Thus,

feeder line connected to electric vehic
theheleptria gioweandtdtagedand- bugdly. dEreced ckel dnadnopemay be
battery 8 used in _this test is conposed, for exanple

ussd GFoEPRIBIGS £oThyFheoMEEERFG™ f ol-cliniifs IgAVed &b the

' I 0 f the units 8Ato 8Dis 5
fdé@ﬁ@%@ﬁ&%“f?ﬁ% SsCiodul es of 37.5 V and 200 Ah

connected in series. Each battery nodule is conposed

of 30 unit batteries connected in series. Fig. 17Ais
2.a DEnensarasivowkest revul{urrent - vol t age)

characteriséic of the nickel hydrogen battery 8 from

5:00 to 6 0BSIHStERCIFre Wsithi Ay SRSt IFéeaBRACof riHgay power-
. s ! . . v
SERTPAStEd 10 W80 coddilh pHLPelil dIbBOLEN SR EA0, bindention

wefs OQomductef0 of Fige. sam day. Fing. add Cdisglaill 28H8Mng the

showi ng |- V characteristic of the nickel hydrogen
degppeerarigniiast 7298teo 8: 00 of the sane day. Fig. 17D

's adi agfnamt%fs? Nd%%o%s_é/ra%?.glrlacxte%{ﬁg,t | %t 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 value of current
i ndi cates charging, and a positive value indicates
di scharging. In Figs. 17A to 17D, the I-V

- characteristics are showmn B3 straight 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)

theofeeder tlABe| APPITAETr 68) SLanedci yehboln GLBsSQfor THeE up-

D9 a0 YR S1o A0 e L ames) i LAge, ey 5o
thi gedak id %@éé@%&fﬁl&/ ,a2hblle MArFigtion connectlng

settled within an al e range of 900 V to 6
foanduiittsi 8A hen6l twrdarairkel .t h&bch henep ofiethd eeﬂtngBA to 8D is

faC|I|ty bg ni ckel  hydrogen battevy may be used in
CoppeResl GF &°shBSEEY SRR 19% 3 S@%?QO 3bh Tenected in

se?!h%ot ri %a&ql #ﬁ@‘%eﬂpvﬁédﬁgp&sy & g@i' gﬁby o 13%.' ndnas'%,erles

di ment o e‘invention I s conpose uplin

cohhertaiackelserhyslr ogen battery 8 dlrectly to the feeder
l'ine 5, as sane in the first preferred enbodi nent.

Accor di ngiig; é%eriys ea(peiriesiam c Harvgexg dIéfchémg:eent-voltage)
control device _suc s. hoas nd step oppe .
CrpERe i e Blote EHGEST HSEneRT oLt fureoT & 00 B F00 in

[ Jedrapdet Lag- ed d.
th% gBtIO g?hgg% agyﬁgagggratﬁ%n 3%?2% %ﬁﬁg. 5% 148 is 2
dlal_;mng eskﬁwmgjw d-Yecharddareliste\d of, tandhichel qlnydzbgeziﬂ dpeery 8

di scharge characteristic is excellent, and the feeder
fromne: GPo ke a7gé)0 ehritlise sarQulsiali. z efLg - SLVC| irer diagm; sowing I-

ostin n e own. 10 ch
v R S Pl RO T BUTRRS A hrd (58, 7 Phdpe® 00
ofl $hB0sdreS 2Pl OBLIIr neRCes of cﬁh%rg@erﬂlgl&ahgesz&ﬁrmnmc
disturb the signal device. Inparticular, the nickel
ofhyte agiehkebaiydogel hattdiry eCtingm 8ouplted St 00 tdfe theeskare day.
line 5 at a E05|t|on remote fromthe_ 15 substation,
Hegrgin ex &npicgatife aittyft ePhe i@ poimiicores shpsiiagi orpnd 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 815V, and the lowest voltage was 637 V, and
even in the morning rush hours, at the feeder line voltage of 750 V,
the variations settled within an allowable range of 900 V to 60C 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 10b can be

constructed. As a result, at54 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
enbeEEret abforfhef BIVeRE I ehirerresedany t#RPLYRhI RAge nickel

erfor ce of he ectri.c vehi cl es, can be .
BB PR (h e SEatG 1 Ry SSPOBT ohied 17 BnFRES ol e
£184E Glir - MBI &hBSimebl: T NRCSBIRIAN Y., 2 DYerSHRRELESSIAY RArge-

significant voltage elevations of "the feeder line 5 by
disdgener atitue]l gowere gerdr at edoadt inheatd netepfdown chopper is
decel eration of electric vehicles, wasteful spendin

nopf negARtng tEHEr gycof SR EEt r FEYYENIE| e demrigiied and the
d b th be .
bR AL Wl pUEERE® L HAROLED BRSPS o qpgracion

Gel &Y ekl €8, chdige38iddMares edrtrel M abtieRY ReYEeSHRIYY charge-
system the nickel hydrogen 55 battery is installed

diatharje stivstcierdsticoriselesceIiants arhdaghe |fpetie line voltage
.second preferred enbodi nent of _the invention, in the

cag| £et (IR ay  power - Seigpl vy SPEmPOPRe i Rl Step-down

bat t e IS _4i e t her .pasitioR..t .
Ch?é%£§3%%¥%?%%né¥%?ée?%ctr| érgPﬁ%gei §§?%§tc%§,Qthﬁﬁbted’
theesald e efisk hef ndekeleded c@gearhaticehyids wheth may disturb

particularly specified. For exanple, one nicke
theyshmgeénddaiceery nmay be installed at the substation

for electric_rail , .and_ot her i ckel . hydrogen., .
batterie nnﬁﬁémﬁa t eﬁl%}fe%ptrw o5 PEHSHY ? h&h directly
coh{?fec‘_xS ubst atjeonsdOieel gelr i€ rai | yayos10; dndusidieal from  the
Applicability The electric railway power-supply system
subavatignt héor nexdeeliehydt oge nihadrredyatef ddieti of eat susstation
is preferably used as an electric railwa

angoF TSt pPIE SFPemFadF N Eiﬂdt:?@}’tjf?ildpéé@'f? fegder line Se
co?glé%p\e;\:ély : 19 bs distall§d1aknd SHORALLOP: 108! SFUE crack,
and the electric power storage and supply devices 10a and 10b can be
constructed. As a result, at a position remote from the substation,
it is effective to suppress significant wvoltage declines of the

feeder line caused by the resistance of the feeder line itself or

acceleration of electric vehicles, and the rumming performance of

-the electric vehicles can be guaranteed without causing amy problem

in running 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 vehicles,
wasteful spending of rumning 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 ni ckel ‘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 renob& froma 20 substation

for electric railway. 56 CLADVIS 1. An electric

rail way power-supply system having a feeder |ine

connected to a substation for an electric vehicle for
baggppy Visngnssldediatethe castat ipoer élanfriterailway. In the

substation, conprising: a pickel hydrogen battery, as ,
R, B R onP R ol o NEr TACREReY. ohi GHb «iectric

Ge quxgjgegh%M toy%g% feedgr 1iNg.712. ﬁﬂﬁSL ctyd .
]ﬁ%a?#§ay pgver- u%plS syg&en1to beQ%ﬁsta? e “ﬁo %%&gry 1S
insuhslal aonofier pbeidtibhctit=Al lkhaysliadkogor fof adlsdc@F DB Mrailway .

for receiving power froman alternating-current power

Thetr cifit, the AeedtiPpi mef débecerichpheddrraes thrttery is not
~tran Loer. a feeder lin connected._to the
Eﬁ%é% i %%IXg Eﬁéﬁgga'co§1¥i i afé FekBte d?%ﬁﬁ??en battery
meRabbedstATed &t repl sGHEFANbnekestdidtrd® RAWREy, and other
acility, which is coupled directly to the feeder
nilckage. h3ircfhe bltEeties meyi [beaynpovideds appbyhesy pbetions than
according to claim2, wherein the nickel hydrogen
PP AR | et ot Lo a4 LWRE- battery nodul e, and 20
the battery nodule is structured such that between a
pair of opposite current collector plates a plurality

Irelst o1 apgticebi Byhavi ng positive el ectrode cells and
negative electrode cells partitioned by separators

are stackéw uplestrihatratibeay peower\mpplectsysidan cehvimgf the

one of the adjacent unit batteries and 25_the negative
mé:P@{:t {% *’a‘btferﬁf h&t ot ffer TOFERE atff RESAE Mt Used as an

o | an P R PTGt S0 Tocrar T &t & abryi rosen
baasesy dicvbdi igsramldd het seebsthei Rosot ialecerrctrotaycel |
Moreover, the electric iailway power-supply system
having the nickel hydrogen battéry of the invention is preferably
used as an electric railway power-supply éystem 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 coll.ector has a comuni cati on passage
of heat transfer nedium nade of gas or liquid. 4. The
el ectric railway power-suppl §6system 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
cannon current collector Kﬁé%@aes a netal plate 10
provided with a plurality of corrmunication holes
used. as comuni cati on passage of the heat transfer

1.medi um Gy, thecehieChiblk twdiyidoMay-REWey - SPHY hS¥SIEM feeder
according to claim2, wherein the nickel hydrogen

libat temectat | tedessdtstheast fomrean Eebatiermghielhllfer anghlying
the battery nodul e includes a plurality of unit

2 FAt BT IS A PRV FE OB dttte FYPSHRE LoRle SHPRIEShaped
positive ' ' I roge curr | | rs .
whi ch ar eaagrg‘%?%g?dé%g%@i kt?agzlttfle%g’zda‘%J g :dz}%ﬁggt%%%ggg electric

phepafatioltdl shosedsbebusien hedplsitd o et Rebrotte.
current collector and the negative el ectrode current
collector, and a positive electrode cell contacting
the positjve_electrode current collector and a

2negat i ve 8 &EETTHE 5@*@“@?6ﬁFﬁ@FT%ﬂ?pﬁﬁes¥ﬁﬁﬁﬂit9ebe i?Stalled
irgl getdade GunT et cgﬂdéc%ﬂ@r rafBall erﬁaQJnga!a UV Qe sl for
at't t he positive

eries are stacked up so that
reglegcinipd@ovsts I eArbmC ol eclloeritiagecofrehbe wljeacebircuit, a
unit batteries is opposed to the negative el ectrode
regLeAYiND|deEEFDr CHIECERR R Hele pRsiramesr yandingl feeder line

conmunj catj.on S e of heat transfer medium of gas
C%%‘f’“ci ﬁau?ré? Fg%%afl%e%evﬁgrmc&?pﬂ%%t ual 'y adj acent
unit batterdigfel 58 drogen battery, as a direct-current electric

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

3. The eiectric railway power-éupply system according to
claim 2, wherein the nickel hydrogen battery includes at least one
battery module, and
the battery module ié structured such that

between a pair of opposite current collector plates a plurality of
unit Dbatteries 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 battéries 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 nodul e includes a plurality of unit
batteries, each unit battery5has 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
thel sommel yauwrredt ucpblectar phas ahi typmofnicheipospadsage of heat
eleﬁtrodgi shegtsfgre disposed fromthe positive
CIEPECE BRI BLFREN O 8PP &€t 0tTtDwar d t he negati ve
el ectrode current collector and a plurality of the
negative el ectrode sheets are disposed fromthe
4.negat i ve Thel edecorlr cryileny @oWtLci@ply owasttent he-cording to
positive electrode current 15 collector so that a
clgesi 8i vehersiet ridite GWEER RUVIe acqldsrtoweinaliudesr edgorous
[ material and a negative el ectrode sheet having
nfggiﬂégg?ive el ectrode active material may be assenbl ed
alternately, and a separator is interposed between
each positive el ectrode sheet and each negative
5.el ect r od&hshedect2{x t heellphyr abwey-sobplyi bybadnt eddesding to
are stacked up_so that the positive el ectrode current

ClEdl| e tBFTHM ShE SFTPReCHATRE cFRLIGRFPT LR @smpial plate
o fRRSPH ANt NG DRARLLLR, S B8 | SAmEH LRI, COhLREl sl as

her "uni t battery, “and a conmunication pas
cdiahiddtans fRksageidimpé @as txms@br i, i s provided
bet ween the nmutual |y adjacent unit batteries. 8. The
el ectric railway power-supply system according to

claim6 or 7, wherein a _conductive heat transfer plate
& -havi ng CEEFTON HOMBY PRVERSUPBLY f PRt AGHRAINT to

%asgg%&emetﬁ@%cﬁgﬁwég%j Megwsgﬁcﬂ&gggfgédleast one

[

C

pet ween one of. the nutual acen

bdraktemicdslandntihe other unit battery, so that the heat
transfer plate contacts the positive el ectrode
current d¢&El e®REFef owaulfi tincludes 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
coilector 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.
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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 powe8-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 unit battery and :

7t he neg a_trql'\’?e SLECEY KTt TR uFPYRY - %E’Ph_é C ﬂﬁft’%‘f ggperding to
cl%g_lta e, %&Ee?ﬁt £l X’u’.cﬁ@? fﬁ}{a%%ga J %%ﬂegr%ph%?%fuggg ??ée SAd&: one

I's formed between one o ries
bafert edaidierandni t battery. il. An electric railway

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

i s coupl édhet o battenyst apiwie f oincdndes ect ridwrediivc| @of unit
ka%gdrﬁggeives a direct-current power fromthe

Substation; and an electric power storage and supply

devi ce ha-Rg @ikl HseterNyHL 906N Qalberk MeWﬁLﬂﬂ the cpace
ni ckel hydrogen battery is directly coupled to the 25

befreeder pliane;slayedt heosltdotr i anpowssgeati o agel cafitodel ppdurrent
device is_installed at a different place fromthe ,
CYAPEFE tHeBuBEE att B 2OPRPRLEILEC PRI aFki PYRgF is filled

. - yS ccor di . claim 11, _wherein

e SR S SRR of P Tlinl B et Sagproce

sHeat$ eaye NBHHRed aBEB Ohet RRSRAL VLT3 BEYEL hfirent collector
structured such that between a pair of opposite

tavard ethe geichbtYorelgrarats guprertalddlyecfor wmidt 2 plurality of
batteries havingﬁg&iitive el ectrode cel|s _and negative

EhS eRFRGAEE c F4SS | FP%”r?ec'd BYS s PaPaEet s fare {hgckrpative
e14Rr 5% Nat-Lhe A PRsiLi vgougsl%ctah%d &58Llveofe 1008 9 tH8rent

adj acent 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 fnay 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 unk® battery and the

negati ve el ectrode cell of the other wunit battery is

provi ded, and the conmon current collector has a

comuni cati on passage of heat transfer nedi um nade of
unghsbafiteriegiiagd W% p8hemhmigl b@t?ﬁnylr%ﬁlﬁhay the heat transfer

o2 BRE SRR L BRTLTYE BLEOThoPHHae b golsier Tt unit
aBLBLe: artdh crINGoSl Gl Kackalluy. pouey -SHRBLYGSYS! O omher

ding to aiml e conmon current
ungéel bedeoty. | Nncl udes a netal plate prOV|ded wth a
plurality of comuni cation hol es used as
comuni cati on passage of the heat transfer nmedium 15.

The el ectric 4 r su | em accordin
225 ¢l ai m %rléji n %f&%’ggn%%ﬁ C%rémg to
clang! ude&h&eﬁe&a&. ®BaSt E@éﬁseﬂrex g ei s afshd f@f ba{ t£F ¥himm
nodul e i ncl udes a plurality of unit batteries, each

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

10 d' sposed ﬁ'x%t g@%ﬁtfﬂe ﬁv;aglv%o% ? %%8?2 [ f é"rerme%ccording to

col l ector an € negative-el

cle@hl ecdor, WRgeid lﬁ&&ééﬁ%ﬁl@ebﬁcﬂﬁﬂoﬁ%&%&k Gﬁﬂt agkt8gies and
the positive electrode current collector and a

theegaittiore wlisctasteryel b @ntaditngof heondyritivee mefbers  are
,elec%éode C rent ollector, the pluralit of unit

LFeEteti &8 Est&E ed:?ﬂ?u§51ﬁﬁhaFE 5 BCiye the positive
e@c@%@d&ﬁaﬁ{ eeén%ekbf%@r ot Qe% 911@ egative
e negat v ectrode

unit batteries is opposed to t
eledtredd @®otbect@llettor 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 comruni 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
claim 11, wherein the nickel 6dydrogen battery includes
at | 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- shapedPPposiyi e HRdih efaurvearss eeth ddatcurrent

0 collectors_which.are disposed oppositely to each._.
oS RER F S| PEREH CBnCOTeRty OFyETos| LA, Sabliralicy of
uBkur ghitarief theipgsi bhygickectiQdegshegls ar %fl negative
di sposed fromthe positive electrode current collector
elteovacdet thklynggatitvieneteoy reegerattriseate colakred ap andctmt the

plurality of the negative el ectrode sheets are

PP RLSFETAS Felhefht PRe 26 @i saente upénbatteries and
| t it | d t .. .
B0 PR e BRSBTS R et s s

bdd@si-idy/ are hppbég@de active material and a negative
el ectrode sheet having a negative el ectrode active
batweeni he nayjdsenss serbl datbet@snatee| gommeand cuarent collector

separataqr is interposed between each positive

PLACECPrOdRT TR @t CHTS0 R ak IreRberdt (06 BPECHTB(Risshsate coll
t he.pl Uty Lt?&-i st acked SO

O?ﬁ%r%e t‘ﬁ%gpg%ﬁ‘ir&eagl egjtﬂ?o c&?%e%?e%gl éc? 6¥fo?éjg_ﬁhé othex
woft bheceatl] acepbvidid, abatteries is opposed to the

negative el ectrode current collector of the other
theni oTRaR t Evrenin §oblectsdr Masnien i COmMMIBCasacR agesssoehebt heat

transfer .mediumof.gas or. liquid is provided between
tﬁ%g%tﬁgﬁﬁn@“gg‘fa%fe%ﬁsu?ﬁthgﬁﬁ{eries. 17. The

el ectric railway power-supply system according to

claim15 or 16, wherein a conductive heat transfer

13l at e havitrg di@ctoinTuna il opdvel espplyt Bgstan according to
mm i cati on passage of the heat .
claim 12, wherein theé common current collector includes a porous

metal plate.

14. The electric railway power-supply system according to
claim 12, wherein the common current collector includes a metal
plate provided with a plurality of commmication holes used as

communication 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
batteries,

each unit battery includes plate-shaped positive and

negative electrode rrent collectors whi'_ch are provided oppcsitely
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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 eetrode 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 made of an al um num
topleatie. ot2grl9a Fépareltert disposaill betywagowehe sprspltyves ysleemrode

accordiig to claim15 or 16, wherein between one of

TURPE B (EARES'S SIECERSoHEFeinicpLlector, and
. LV, [ yct i .
a %Eg.é.r\)é e?e@éﬂ#gl? E&y]h cgong%{}%t%%\/ lé‘_ﬁg nesnR?.(féc' ?alreect:roctheh ecurrent

inserted so t each con er contacts

clDsdtdry endd £ Asddtade @IEEERHdeC Wd1aCt @nt8étORe tHal thegative
battery and the negative electrode current collector
elgttye ouentuspllagaerery, and that a communication

passage i_s _fornmed .between qn f the adjacent unit

batterie SnBi ql‘th i %ﬁgF?E+%ﬁ §%§.§5?c5§$ up so that
tHRl B&dilh e il MRY P WL aFU EBF.Zeéééﬁl g@ qav 'o@g'%l‘?e Q33acent unit

substation for electric railway and an electric Bomer

bastgpleg asdopzisetage devinegativkektetridie subshat t6llector of
conrises: a transformer for receiving power from an
thg| iEieFat g Pa5tensr 888 power |ine, a rectifying device

connected t he. transformer, a_feeder_|ine connected

to the rg’lctcl ViRg davt cB=S57d Sffﬁ?@t Fﬁa@ﬁg?’r H'(fgirlbﬁeﬁf gas
orb A kY 1 @prdvaEE® Pot Gl @AE mRUWRTy HHBLINAEKE € &atteries.

vWH%ﬁ%i S g?rectly coupled to the f%zﬁgr [l ne, 15'anﬁles

the electric power supply and storage device includes

a second nickel hydrogen battery, and the second
ni ckel hi;'atreo&é.ﬁctrlc railway power-supply system according to

16
claim 11, wherein the nickel hydrogen battery includes at least one
ttery module, and

the Dbattery 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 altermately, 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 substati on. -

62

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

a comunication 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 commnication 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 ac_cording 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 posiﬁive
electrode current collector of one unit battery and the negative
electrode current collector of the other unit battery, and that a
communication passage is formed between one of the adjacent unit

batteries and the other unit battery.

20. An electric railway power-supply system 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 comnected to the transformer,

a feeder line comnected 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 difectly commected to the feeder line, and the electric
power storage and supply device is installed in a place different

from the yard of the substation.



