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DESCRI PTI ON POWNER STORAGE UNIT OF DC ELECTRI C RAI LWAY
5 Technical Field: [0001] The present invention

relates to power storage units of DC electric railway
systemthat supply an electric vehicle with electric
power and absorb regenerated electric power, and nore
particularly to the power storage units of a type that
prevents to invalidated regeneration of the electric
vehi cl e when an el ectri age nmediumis
charged up to a | evel éégggg?ﬁng arbitrary vol t age.
Background Art: [0002] In general, all of regenerated

el ectrg 3 i |

ander ROVIRIESTOBAREINTT, BF [t BOECTRIC RATWAY
starting and/or accelerating the vehicle, and thus,

t ene el ectric power that is not used
bgggﬂgsﬂﬁﬂgﬁﬁ%ﬁﬁs el ectric power. For achieving
ef[00@1]ve usSktheprésentsimyention egtatesdicedoalercstorage units
PQ € r t [ 0., Wi .
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eledettric popmreand tabsagb negendrated aleptric pepwer, and more
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abroaliddtdry regenetation iaf thenelecitiarneefticleedinen an[ @legliic

SUEpAEE SRS gl TE SFaERE GREP 7 678 5t ot
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WACRERBUAIE AV S “ES G condi [ on, the el ectrl c
ye[lﬁ](lﬂ_? i s dilbgeneral, all of reggremted elecbrialpower produced
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(172 GleFiE RGN G PeqblierflGe Srakiny it Hek ibays

dated el eciric
t hised tamstarting and/ergenelexating tpe vehide, andthippethe
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dwelectric pewst.t Ear aghiening: effactixe|use of the surplus
regenerated electric power, there has been proposed a system in
which in parallel with a feeder cable there is arranged an electric
power storage unit that comprises an electric power storage
medium and a DC/DC converter, so that the surplus regenerated
electric power is absorbed by the electric power storage medium.
[0003] One drawback of the above-mentioned electric power
storage unit is that upon full charging of the electric power
storage medium, it becomes impossible to absorb the
regenerated electric power any further. When, under the fully
charged condition, the electric vehicle is subjected to a
regenerative braking, invalidated regeneration of the electric
vehicle (invalidated electric braking) occurs and thus upon this
condition the regenerative operation is stopped and switching of
the braking system is carried out from electric braking to
mechanical braking. However, due to the switching operation, a
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braking | ag takes place. Due to this braking lag, a
rapi d braking by the nechanical brake tends to induce
probl enms such as a failure in stopping the electric
vehicle at a desired stop position, a shortening of
life due to increased frictional wear of brake shoes

5 against the wheels, etc.,. [0004] In order to

el i m nate such problens, there has been proposed a
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tﬁﬁ?ﬂﬂ?t §§'Fﬁﬁ"road resistor to consume the
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i[ (r)saﬁgmh éuwbddﬂePatiﬂﬂanFiﬁlh@ng‘o adouble-dyst dapaditaf and.an
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elamreents totthe Ibaddesisidrdypassinguhe capaditer therkiy do
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prpowet asveheatol Withe tois, tthe dlectiic doalble-layer mapasitior is
t ' 0 - 2 ' ; ver .
v JFetsEted ForHR SYoRYGE, SEnE NS Bt Sistem is
PadisalosRdf iar farcexa@mple tRatebt IReference it liskgd heneinafter.
J Laid- . LG atl.om: j
20BHGRE 0. LARaRITRIE he iBbkeabietioddP kst  another
Pasystermpaisi been gropssedTolik Ehe systenp3when. it is detected
Di ' bt
o B0 Soffagk 1 S Edbathol 18Rl o' SihigiiretRan a
predetermined level, a control command is applied to a control
unit of major elements of a feeder substation (viz., semi-
conductor power converter, tapped transformer, etc.,) to reduce
the output voltage of the substation thereby to prevent over
voltage of the feeder cable and protect the electric double-layer
capacitor from over voltage. This system is disclosed in for
example Patent Reference 2 listed below.

Patent Reference 1: Japanese Laid-open Patent Application
(Tokkai) 2001-206110.

Patent Reference 2: Japanese Laid-open Patent Application
(Tokkai) 2003-237431.
Disclosure of the Invention

[0006] In the system disclosed by Patent Reference 1, upon
fully charged condition of the electric double-layer capacitor, the
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fully charged condition of the electric double-I|ayer
capacitor, the 2 regenerative current fromthe

el ectric vehicle is applied to the |oad resistor
thereby to carry out absorption of the regenerated
el ectric power. Although, in this system prevention
of invalidated regeneration of the electric vehicle
and protection of 5 the electric double Iayer

t f | t d
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ac [ fromover voltage induced by the
{hﬁﬂQ {'ed electric power fromthe electric vehicle
ar{d)(l(hk] pr otkrthesysteraf disciaskedpyPatenti Rgfetgnce 2, upon
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hads smniathe @iscio reddce thetoutpoft voitageldfithe fdederut put
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O Furifingl g Hrediifto” ALBSHdingy), S HiE haGSLIE] fSis! A6t
always possible to assuredly protect the capacitor from over
voltage induced by the regenerated electric power from the
electric vehicle and the protection is affected by a running
condition of another electric vehicle. Furthermore, in case where
the feeder substation is of a type that has no function or facility
of controlling the output voltage therefrom, such as a tapped
transformer and a semi-conductor power converter, the measure
is not practically used so long as a new feeder substation is not
provided. Accordingly, electric facilities that can practically use
the system of Patent Reference 2 are limited, and thus, if the

electric facilities are of a type that can not practically use the
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the system of Patent Reference 2 are |limted, and
thus, if the electric facilities are of a type that
can not practically use the 3 system it becones
necessary to replace the electric facilities, which
i nduces a huge cost for the facilities. [0008] An
obj ect of the present invention is thus to provide,
ina field of power storage units wherein electric
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[ ofehite, Bestitedhophatects Shegowar stofade rigdiim; fom over
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el eciri V 1.Cl e n a r,ptl o e r
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f igtotage rmediaduard ris practiedily aisalple dntthar faqgilityf of ened

20 . i,ng/ dj rai ng a power storage nedi um by
D@%‘ﬁgﬁﬁ\%g:é?éﬂbssgggﬁgr acteristic is that the DO DC
cd®009ler i dn order tedoive theambowermentioded drawbacks,

r n ' ' t I NGr eases

¢ HREBF et Rttt pEOv S &%, o TR A r 5

t J0tQiat e t(i9 Iregepewer isterage uamit of &l eledroorailway

2 ' £ th ' Licl e L
ocsteft WHerSin clEcflCBoler ST 1 #Elekhic FERiGE' dnd
vabsarptidroof rggeapratedaelenirc powendy the eledtrioovehicle
el ry ' [ ect i

LT 82U B P ARG B el e
el chacgingddisaharginrg @ powercstosagelmedium by DC/DC
converter, a characteristic is that the DC/DC converter is
provided with an invalidated regeneration prevention control
means that increases the voltage of a feeder cable up to such a
level as to actuate the regenerative current reducing control
function of the electric vehicle when the electric power storage
medium is charged up to an arbitrary voltage.

[0011] (2) In a power storage unit of DC electric railway
system wherein electric power supply to an electric vehicle and
absorption of regenerated electric power by the electric vehicle
that has a function to reduce regenerative current are performed
by charging/discharging a power storage medium by DC/DC
converter, a characteristic is that the DC/DC converter is
provided with an invalidated regeneration prevention control
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30 that has a function to reduce regenerative current
are perfornmed by charging/discharging a power storage
medi um by DC/ DC converter, a characteristic is that
the DC/ DC converter is provided with an invalidated
regeneration prevention control 4 nmeans that increases
the voltage of a feeder cable up to such a |evel as
to make the regeneratrve current of the electric

vehi cl e ric po r stor

en
iarges Wetiacieases e yoltads, bt Roteedst uigup Ip sychia
PosRel 58 abAPRKENtHe Qé @ﬁe?éﬁ@é rdugrémt biebie @Eétrﬁ”f\lehrcle
wherei n, el e tr| ower su to an electric eh
afErOMBER R qﬁnce@,%wefz Rebrde B cRrsetug Y88 fulievel
elgfltade, vehicle that has a function to reduce

ative rent are erforne . .
CHBREIHG o JaialrfrRoWep sharads ik el hsielestsic ey
i %y@@éMﬁWﬁéren@ e‘Fé@terCb@Weﬁ‘tstﬁpﬁﬁ tidhah éléétrﬁl.e/v@ﬁrcle and

conver [ rovrd i nval i dat
C ARsasPEar A FEaSBRIAEH EIAHGIPOWRE Y i eleckic vehicle
e'tﬁ@‘tfha?s aorwrcti@tnor@gedrreélﬂe@en‘ératreégﬁﬂ—renp dre pérformed
arbrthar t , _Lncreases t%} vol ta e of g 158?8
rinajdisiharging ppoper sfoseasnedivm by 5E/BC
{ ﬁ!ﬂi}fﬁrﬂ%f V& cﬁlaﬁééfénétﬁ?@wmﬁt tise m%m@lcdlrtvme@rs of
e e ctri veni ncrease e VO
t g aedEhian KON dRteckr SR E R AR REEVENEpRcOntrol
;/qhewe tfn‘at W@er@'tﬁétélefétrﬁ’@\éﬁfwéﬁ Qroﬁe enﬁ‘ﬂédim‘r? e chByged
O I ncrease 0 reauci ng e negatj ve
i BT ara R Shaod) dnEhtad i SolseBel gk 2l ek, cable
i shum Ina:rsmm arl]eVel as]ftnl d(ajcﬂ@telbtlheorég?meratnﬁé eafﬁawta@ducmg
the o e.of t ee canl.e U sSuc a
t Fonifel fficriin o8 T ERetric Yanicie aud shttendes FiE voltage
r leg‘errm ééédeﬁr c'abreem ch@rﬂmnm withhincrealsencf thoe voltdgeeof
e trjic.vehic 1 ri.sti
¢ e RletE it storapd medifin THREERK orbisrente 2,08ree
[ GsflrddddingAhehregenerative curerithand hﬁhem theralecrivvpower
st qQr L iS el ectr ap
Satpriie éﬂ?@'%'%ﬁ@ﬂ% up to @Srgr'l’lbl v%‘gﬁeg AeHfles
the voltage of the feeder cable up to such a level as to make the
regenerative current zero due to the regenerative current
reducing control function of the electric vehicle.
[0013] (4) A characteristic is that the DC/DC converter is a
step up/down chopper.
[0014] (5) A characteristic is that the electric power storage
medium is an electric double-layer capacitor.
Best Mode(s) for carrying out the Invention
[0015] Fig. 1 is a drawing showing an essential part of a
feeder system for a DC electric railway, which is an embodiment
of the present invention. That is, in the embodiment, there is
provided an invalidated regeneration prevention control means
for a DC/DC converter, which, by using a regenerative current
reducing control function possessed by an electric vehicle (viz., a
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[0015] Fig. 1 is a drawing show ng an essential part
of a feeder systemfor a DC electric railway, which
is an enbodi mrent 30 of the present invention. That
is, in the enbodinment, there is provided an

i nval i dated regeneration prevention control neans for
a DC/ DC converter, which, by using a regenerative
current reducing control function possessed by an
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1600ah excesdivalndightievek Inagemerdleih tam élaetficadhiclegof

q t4 9 . { g 0l t S
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i regemerativedcurrent (g soonadecthat wiharutine ipantbgeaph point

a . t i nt | LS, | ‘
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r exhindeolled war 1. 00(teducing iquantipyo 026 nwhen time pasitoggaph

A I r [ .

o lhE VTP |kl SES WGBSR L B 1BgAR e reducing

| yateds contraltedyorfk {hero)tleducing rquantity #80%), and when

eI SRt gradh Pbift UbfadRUB!iR-a range from 1600V to 1800V,
the reducing rate is linearly reduced toward 0 (zero) in proportion
to the voltage. A surplus amount of regenerated electric power
produced due to the reduction of regenerative current is absorbed
by mechanical braking. In the embodiment, an electric double-
layer capacitor 4A is used as the electric power storage medium
and a step up/down chopper 4B is used as the DC/DC converter.
However, usage of such electric power storage medium 4A and
DC/DC converter 4B is not limited to the invention.
[0017] In a DC electric railway system that practically uses
an electric vehicle having the above-mentioned regenerative
current reducing control function, a power storage unit 4 of the
system comprises a main circuit that includes the electric double-
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| ayer capacitor 4A is used as the electric power
storage nedium and a step up/down chopper 4B is used
as the DO/ DC converter. However, usage of such

el ectric power storage nedium 4A and DC/ DC converter
4B is not limted to the invention. 30 [0017] In a DC
electric railway systemthat practically uses an

el ectric vehicle haV|ng t he above-nenti oned

t d t f t]
AR cabitFar i bod i ) Ly BB EbRE A8 ond
Clchwpfertdmﬁtmhgéct@u;@ﬁ ﬁ@@sea eontrol ulmtbl e Sllsayer ;
c Ci 1o an e ste er and a
ﬁﬁgﬂ@h contmceeepf—‘sﬁ‘)ﬁ'@ %C\%'h?&g g t. [0018]
Theath me_:,am Eriging mt'oloﬂ.lrf&dm%hat is equal to that
chargin |sch

t f ti t h t
¢ psdesdad e Baahvh R al Denerstradeudiits ppaciit™ ' ©
ury ef:r{?ﬁ?ﬂw e@!%cltgi%géﬁﬁ«:@r@ﬁﬂl?gﬁd aﬁtezlenmf: vebitle dowall as
| V S, absor | ONn (e era
PEoRE FeSanpraterhelstAEh e Swienitd S i dein
tcﬁjéﬂalﬂt’di"pbﬁ tﬁé eReprupdcnd eﬂ 4Bfarmd comteoicof atg
are carr ere ce 0

t fh
| ondistng rag gﬁgﬁa@m‘o%re@té%&eaﬂg%& Wit G EncR to a
f een aﬁgbhebewéémaedet@ttedchgmi Y off accfeederrgable

|
b 4 Sk o or R el Vs
C erlfgL’ngjt agF)J\eéxade@Wgﬂ'@'\ t@uettma;:mWerltrmmr ngman
S Cl contro ectlon
creei Nehiai bt Taadet Labie SBMddE VIS InBRrf fha yalue
t hetwer u@ﬁqrt a ﬁecctaﬂr‘éd ofaéeé;elthelchqq?pmaf ?ontméd;etm:n 4C
r unn| n e | | | e rom.t ne
A afigBBer B Eatake 2 sliep ippetatipfe o thfa part
t ofr aul @f&‘lef:trve plbrﬂéﬂeneedédtf_m reireingithevelgcttie, vatiele is
€, e..vo .
| SETorf HE AP Kt S ABERSESE DAt RBHE, vnen,
caive ¢b regenevati¢€ braking ofrthe blaxieic vehicte, trae<éeeder

S EUBE Y er ST 5 B 1l b e

chaalge, thevehoppen cantnoy isegtiont 4Chzauses the chopper 4B to

Chal@l 8% ahSENRh Y era5H 24 at A part or all of the
regenerated power is absorbed by the capacitor 4A as a charge
power. For carrying out the charging/discharging operation, a
needed amount of charge/discharge power is adjusted by a
conducting rate control of the step up/down chopper 4B.
[0020] In addition to the charging/discharging control
function as described hereinabove, the chopper control section 4C
of the embodiment is provided with an invalidated regeneration
prevention control means that, when the electric double-layer
capacitor 4A is charged up to an arbitrary voltage, increases the
voltage of the feeder cable up to such a level as to actuate the
regenerative current reducing control function possessed by the
electric vehicle. Furthermore, as is seen from Fig. 3 that shows




needed anmount of charge/ di scharge power is adjusted by
a 25 conducting rate control of the step up/down
chopper 4B. [0020] In addition to the

char gi ng/ di scharging control function as descri bed
her ei nabove, the chopper control section 4C of the
enbodi nent is provided with an invalidated
regeneration prevention control neans that, when the
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20 Wifollltehargad sgage)t he capacitor 4A is in a range
[0022] When the voltage of the capacitor 4A is in a range
from 400V to 800V, the chopper control section 4C carries out a
charging/discharging control (normal control) of the capacitor 4A
so as to cause the feeder cable to have a voltage of about 1650V,
25 and thus roughly 100% of the regenerative current of the electric
vehicle is regenerated.
[0023] When the voltage of the capacitor 4A is nearing
1000V (full-charged voltage) and exceeds 800V that is a specified
value, the invalidated regeneration prevention control means of
30 the chopper control section 4C functions to increase the voltage
of the feeder cable, so that the regenerative current reducing
control function possessed by the electric vehicle 2 starts to
operate thereby reducing the regenerative current. When, in this
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from 400V to 800V, the chopper control section 4C
carries out a charging/discharging control (nornal
control) of the capacitor 4A so as to cause the
feeder cable to have a voltage of about 1650V, 25 and
t hus roughly 100% of the regenerative current of the
electric vehicle is regenerated. [0023] Wen the
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r egbierand veecharikahpraking takesplace betorebacgerence of

e = r . . i . .

"Bl afsd PRatlktedda; Shp°uls JpieypaRad eepdfation is

c ateinchutads c Fantherimoreyksinget thieecapaciter 4 is suppressed

o] j ' I ' hus,

" B8l Svertiilad on e VEHEE R SGPprétted.
Furthermore, due to absence of the invalidated regeneration,
undesirable rapid braking that would be caused by switching from
electric braking to mechanical braking does not occur, and thus,
various problems such as a failure in stopping the electric vehicle
at a desired stop position, a shortening of life due to increased
frictional wear of brake shoes against the wheels, etc., are solved.
[0025] As is described hereinabove, in a power storage unit
of the present invention, there is provided a control means that
functions to increase the voltage of the feeder cable in
accordance with increase of the voltage of an electric power
storage medium, and thus, the following advantages are obtained.
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20 not induced. Furthernore, since the capacitor 4Ais
suppressed from being overcharged, over-voltage is
suppressed. Furthernore, due to absence of the

i nval i dated regeneration, undesirable rapid braking
that woul d be caused by switching from electric
braki ng to nmechani cal braki ng does not occur, and

t hus, 25 various problens such as a failure in

o002, | SR ShvelbALed etk ReratioR O ahiglEcRiGenicte is

f suppressédwear of brake shoes against the wheels,
“1b0ag0,c, 123 h P bafer dofa iR ch Rt

t fieare dmenphlvohw'aw a cofntr(r)]I ;reags t hat 30_funct| ons to
BEBRIC TV S AR ANy 8ld Psriurn s
PRy a strwlﬁc&paadwaonqmttténd loWh@oitod:d)mantlon of the
advant agfs are ob a| ned?FBLA 0026] (1) Invalidated

réﬁ%ﬁﬁﬁ Qr38SMm icle is suppressed.
[ §OR2P]( 2) M)es:acera mam“emssmnfaxgaty;ealmantilation facility

t pct.ed 028 ' th
B B B0 e e, e
caneanting themeast tivesk fauilitiestis m[s%%%?d Ea?)dagavrmg of

0] . SL.OrI I NCe a
PR o BRI T BERlsEEac L on ract 11ty and a
hg8030ddi at i(61) Siace| diue to practicalegsage df an existing deeder
" f DT e . q
< SuBRLAtpRT o ARICEMIbE PG, M ERtiBR O RGBS BBt
[ oatled, BheSpresentdimyentiqir is Widely appljeable tm various

1 SL f tj .
iR rBRUEl SRehE A ebeeERE R cAeies and
presspandituneefar prodificakidal areapot inestderd.t o vari ous 1s

I I t of
¢ i Basctiitishof eBRatfihd<D M0 o0 o e not
ne[@d)é:‘d] Br i eﬁigDéSISra prawingfshaveing ani esgentEl rimfpa
1 thadlr $RMAPFGIBARIBRRSFAIWLY! wWidiEh i8Tar embodiment

of the present invention.

[0032] Fig. 2 is a graph showing a characteristic of

regenerative current reducing function possessed by an electric
vehicle.

[0033] Fig. 3 is a graph depicting a current/voitage control of

various portions in both a normal control and an invalidated
regeneration prevention control.

10



10

15

20

25

30

feeder systemfor a DC electric railway, which is an
enbodi nent 20 of the present invention. [0032] Fig. 2
is a graph showing a characteristic of regenerative
current reducing function possessed by an electric
vehicle. [0033] Fig. 3 is a graph depicting a
current/vol tage control of 25 various portions in
both a normal control and an invalidated regeneration

prevention control. to CL'%\,I;@ In a power storage

unit of a DC electric rail Igﬁtem wherein electric

power supply to an electric vehicle and s absorption

of regenerated el ectric powe e electric vehic

CHat P8 a Powes seraas vBMhiea tigalgetic Falhwy SrRteRt o

PSUhEFdIRGklebri€ @&-mgﬂ ?,Cf@h@ll SleclriousHickt andge
verte

medi um t he sto € un
D bsprenet CR9SRerAter Bleckic PawSDEYIHE Bl IFicyetiigle
D'tﬁétq'fé% HifuRclidn fy pblideé edgepapatvatdutient beEgdrformed
c troI 7sthat |ncreasesthe voltaaof afeB%e/r

gh afgms dirghasging @ Pawer starage pedim by a DC/DC
rqgﬁﬁﬁg #,ve current redu0|ng control functlon of the
electric vehicle when t he ectric omer or
! umthe BoWRS &1otADe Gt Beld ChargBanted ot that she,

a [POYBC &rvader idiproVidet Witrebﬁcmvauda@etlvmgeememn
wherein electrijc ectrjc ve

nRTeVEBB EPBH Qb MEaDs 1DRRibar ey e “bliage BE arfeader
eleHleip vehiuthea 1ebal abas @ctﬁamétth@nréghﬁ@mm current

S eSS 5Bk ek 4 hep s slectric

CPOWEF %toradée nvediRIm 56 whaggednip tbeam@rbitrang veltaged
in that that the DC/ DC converter is provided with an

i nval i dated regeneration prevention control neans
that i rigy agsmet lseorage andt of acDCeeldetric railway system

wherein electric power supply to an electric vehicle and
absorption of regenerated electric power by the electric vehicle
that has a function to reduce regenerative current are performed
by charging/discharging a power storage medium by DC/DC
converter,

the power storage unit being characterized in that that the
DC/DC converter is provided with an invalidated regeneration
prevention control means that increases the voltage of a feeder
cable up to such a level as to make the regenerative current of
the electric vehicle zero when the electric power storage is
charged up to a full level voltage.

3. In a power storage unit of a DC electric railway system
wherein electric power supply to an electric vehicle and _
absorption of regenerated electric power by the electric vehicle
that has a function to reduce regenerative current are performed

11
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25 cable up to such a level as to nmake the
regenerative current of the electric vehicle zero
when the electric power storage is charged up to a
full level voltage. 3. In a power storage unit of a DC
electric railway system 30 wherein electric power
supply to an electric vehicle and absorption of
regenerated electric power by the electric vehicle

oot sPdtaiRel YR AR A FaNEE A PRFRE Aol B3It ©

medinvwerbgr,DC/ DC  converter, the power storage unit

or ov adHevboH ok orRas iif bs P soRteEer AR T ot ke o

cC/DC cnwvertehid prosicied hdthebecinviatidadtedrregermergéion

"okt RahE rHahe 7 WA VY bt TS Boper sirace
| eveliwm lsochertgent apttreanr sgdtrargtvoltage) inoreases theng
Sl 3 A e S BT bV e A ate the
alcrggted\mnr i Caa‘vwe d;'drr'g?g Irrreelglein:g:_(i]I icgﬂ}lerolcf}mag'enocbf the elic(:etr;c
GoEiteaR AR Eredaey AHE VBIGAITbE BRE F8EdRF SABTE 3RS e
g rmzloelrdaglcewvinbviagreasi agd:hermmltaelge iof thieaelpatricpawen
¢ cnEs ¢ dpetih WerehVitS Hasabtt dEYrhaT Haldfo the
r eggeserative cunreaby andr\f)heneth@etMricqmner stonege

u |
¢ dheBflm foehEidid B Bl Yes yttind dRgfedfes iffe
r aidlitage of thenfieesderodablesup ito stch & lévePasrto3makte tie
L eoieRaboE alitshl Aot ald fo 1R (g RV Elfedt® 2
el reduding rcaintralyfuncticenofishectlactnic viehideai m 1, 2, 3
or 4, which is characterized in that the electric

power storage nediumis an electric double-layer 25
capaci tAhpower storage unit of a DC electric railway system as

claimed in Claim 1, 2 or 3, which is characterized in that the
DC/DC converter is a step up/down chopper.

5. A power storage unit of a DC electric railway system as
claimed in Claim 1, 2, 3 or 4, which is characterized in that the
electric power storage medium is an electric double-iayer
capacitor.




