DESCRI PTI ON DC PONER STORACGE DEVI CE Technical Field
[ 0001] The present invention relates to apparatus or
devi ce such as direct-current power storage apparatus
which is to be connected in parallel to an externa
line of an electric railway and which is arranged to
supply electric power to an electric vehicle in power
runni ng operation and absorbing power in regenerating
operation, and nore specifically to charge and

di scharge control system dpBSCRIPTIONtO control a
power storage nmedi um for neasures against a voltage
drop of an external |ine, measures for absorption of
regenerative ener @CGOPAWERGSTORAGRECDE VIOE
nmeasures for preventing regeneration failure of an

el ecfPic%“Fgéleﬁ?éaackground Art [0002] In a

di rect-curr ng system traction power

subst @01} af?hér%ﬁ@géﬂt?itn\f@hﬁ?dﬁ’%}frﬁfé’é‘&d gtpeq%fé@ns or

in a quite or non-busy railway [ine. er ef or

el ecdevice auomyayetirett-distemt fowerastmagetapparatus
substation, a ant ograph poi nt voltage may decrease
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for powerotdage alcaitri@ Va0 pRANEF ﬁmmﬁé:@ﬁeration and

(DCVR) is provided or a notch restraint contrdl Is
per fdPHEEDI M tPews ren rmagerarafiang [QUocd tivr,caner mone

I cBICRD-BYR 4AA a An Fe EHS aY SR Srnaor
method to control a power storage medium for measures
against a voltage drop of an external line, measures for
absorption of regenerative energy of an electric vehicle,
and measures for preventing regeneration failure of an
electric vehicle.

Background Art

[0002] 1In a direct-current feeding system, traction
power substations are arranged at relatively long intervals
in a quite or non-busy railway line, Therefore, for an
electric railway vehicle distant from a nearest substation, a
pantograph point voltage may decrease below a lower limit
of rated voltage due to a voltage drop of an external line at
the time of large current for starting the vehicle, for
example. To compensate for the voltage drop, a traction
power substation (DCVR) is provided or a notch restraint
control is performed in the electric vehicle.

[0003] Moreover, in a quiet or non-busy railway line, an
electric vehicle in the regenerating mode has only a limited
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opportunity to have regenerated energy absorbed by
anot her vehicle as energy for power running, and hence
tends to fall in regeneration failure (inability of
electric braking). Even in a busy or active rail way
line, regeneration failure can occur in an electric
vehicle in the regeneration node when the power
runni ng operation ends in another vehicle, and the

| oad decreases abruptly. [0004] Wen the regeneration

i's cepprirednity ftdl havd hegeaheeifed é’ﬁék@lyeaﬁts%l%é&%y

regenerating operation, and changes over 't he brake
noded Noghed! ¥ehicle sakaargy fechaoivert ronakeg,Tans hence
br ake ngde changeover olgeratl on_ causes a dela
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are the foll ow ng nethods for absorbing regenerated
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rt
rege erateg by a regener i ng rircve

conveldatti¢c o elfvighevetioms thec paigeai gt ing oaga #dna and
controlled frequency by a conbination of an inverter
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regenerated power, and fu er requires t

t r ars¥ap piEng tﬂ’tﬂ Vﬁh;cllta\mtr aepredletea:nbrreaﬁemostﬂnen and

| nveéﬁgFté"ﬁ]ed serwce life due to wear between a wheel and a
brake shoe in hard braking of the mechanical brake. There
are the following methods for absorbing regenerated
electric power to prevent the regeneration failure.
[0005] (1) Regeneration method of supplying
regenerative power to alternating-current power source by
an inverter: As shown in FIG. 4(A), dc power regenerated
by a regenerating electric vehicle 1 is converted to ac
power of a controlled voltage and a controlled frequency by
a combination of an inverter 2 connected with an external
line as a dc supply side, and a transformer 3 for the
inverter, and the ac power is supplied to the ac power
source side.
[0006] This method requires the ac load to absorb the
regenerated power, and further requires the transformer
for the inverter, an ac breaker, the inverter and a dc

breaker, so that the system is costly as a whole.
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breaker, so that the systemis costly as a whole. -2
[0007] (2) Regeneration nethod of supplying
regenerative power to a regenerative resistance device
by a chopper: As shown in FIG 4(B), a chopper 4
transforns dc power regenerated by a regenerating

el ectric vehicle 1, to dc power of controlled

vol tage, and a regenerative resistance device 5
absorbs this dc power as heat. [0008] This nethod is
unabf @07 frak ¢ 2 Rexg eénerastonimethed efesapailyyeg
power since all the regenerative power is absorbed
t herfBI€HEFP LiMR: PRt th e rgg@anerating rasistangedtevice by a

i L hEBREA"r oY RECWEGT 1o s Y8 RO BRR fnbransforms de
end e SR R B PR bt I @i irEicle 1. to

I's rad gioweryof atityolled | wsitegeof ahlieachegeererative
[0009] (3) Regeneration method utilizing dc power
st or'z Eppaeatigyicasd earbs this da@mpwernas bieadet -

curr i {le | fie there is provigded.a

di rﬂboc%ufr eglfh%og/ﬁ&@{)gr L?gg%@%r g?u@%ﬁﬂp%%%&tb‘fedme of
st egchp re@%éﬁ@ﬂ?y@og@vﬁéﬁ@?ﬁt@aﬂ”%é r%?éﬁb?‘é‘ﬂ”@ ower is
power storage unit 8. When the external Tine voltage
excadasorihed Uppemaliyiby dthe tresistanice o ewpee ; amge this

beca of ,the .regenerating operation of an electric
vehiBREN At SRAMHESSthie N0 8-Shee  dTasisEans e Savise. ed

to ambpusletol Erﬂgen#(?ﬁ’rgé] Rrth e‘f‘ol—é@ggr%%\‘}fefﬁfiga ting

control “of chopper _ regeneraf'e (
abs@deibmerit amat dicat celeasing @dipmEnEeFbrcdisstphting

power storage unit 8 through the chopper 7 fromthe

ext d19RF 9emerated yithe resiskamee ideviee parghithe
equipment is relatively costly, inclusive of the chopper.
[0009] (3) Regeneration method utilizing dc power
storage apparatus: As shown in FIG. 4(C), on a direct-
current side of a rectifier 6, there is provided a direct-
current power storage apparatus composed of a step-up
and step-down chopper 7 and a direct-current power
storage unit 8. When the external line voltage exceeds the
upper limit of its rated voltage range because of the
regenerating operation of an electric vehicle, then the
external line voltage is controlled to a lower voltage level
by a voltage decrease control of chopper 7, and
regenerated power is absorbed as a charging current to the
direct-current power storage unit 8 through the chopper 7
from the external line (cf. patent document 1, and patent
document 2).
[0010] When the external line voltage becomes lower

than the lower limit of the rated voltage range because of
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docunment 2). [0010] Wien the external |ine voltage
beconmes lower than the lower limt of the rated
vol t age range because of -3 the power running
operation of an electric vehicle, then the external
line voltage is controlled to a higher voltage |evel
by a voltage increase control of the chopper 7, and
power is supplied fromthe direct-current power
storage unit 8 through the chopper 7 to the externa

| i nechdipswerhrennéygt epecatide afSath ateowdewehiclie, then the
agai nst the voltage drop, and used for leveling the

| oaceXkernalhWbilng vertage isacoatialiedtouareigheswekkage level
o el babCin Feab SRS e B T RBEE Y RS hower
Vol t3gouBpiled EBTERHE HPBPEIcurr ettt MTeR ctdthoe unit 8

r eadftotodg h Tifee hitghippelrt 2de thiedexgermiandindes Thus, this
sem conductor switch SW which has a first end

conrfett®&mMwcan breusgiepsaMeapdrafd gasesbiecndltage drop,
and Lch_j onnec t hat _t.he sem conduct or

SW t 4 lé%haC%?ﬁ J%Ygﬁﬁ'@sgn% ?18 %ﬁrY'&WeEI %\Hrﬂgt??om

the #xbehBdinglidpreRPSAlr@sigaral | el diode D1

connected in antiparallel to sem conductor swtch
SWL.[ 084 1w \FIG aeshiodes & mmaimotindest zonfiguration of the

sem conductor swjtch SW2 which has a first d

conrUEREE SHEYE B hd QUAs St R0 812 PRET akHEe orldIR S8P-up and
b _ : ; _

T n A EnREeE D RO g 88a I e SORIERIE e m; a

as tlbev sipitabe Sidetarmonand at heactvr ant ;TRadhRIh voltage

antiparall el diode D2 connected in antiparallel to
senid@fdacirinshides s@eminendscter swikeh &Wilrwthich has a

end ﬁPgPS%tge%OV}%,%QCEQS v%?t%oq:%eenedxternal line and a second end,

and which is connected so that the semiconductor switch
can control the charging current flowing from the external
line; and an antiparallel diode D1 connected in antiparallel
to semiconductor switch SW1. The low voltage side arm
includes a semiconductor switch SW2 which has a first end
connected with the second end of the semiconductor switch
SW1 and a second end, and which is connected in series
with the switch SW1 in the same orientation as the switch
SW1 to control the current; and an antiparallel diode D2
connected in antiparallel to semiconductor switch SW2.
The reactor L has a first end connected with the second end
of the semiconductor switch SW1, and a second end
connected with an electric double layer capacitor EDLC.
[0012] When the external line voltage becomes higher
than an upper limit of a rated voltage range due to the
regenerating operation of electric vehicle 1, as shown in
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of the sem conductor switch.SW, and a second end
connected with an electric double | ayer capacitor
EDLC. [0012] Wen the external |ine voltage becones
hi gher than an upper limt of a rated voltage range
due to the regenerating operation of electric vehicle
1, as shown in -4 FIG 6, the thus-constructed power
storage system decreases the external |ine voltage
with the control of the chopper. That is, the system
contffdbs &,hehevih es-Sestouchedfpowmerwstohige system

' current to flow

[ | ] h
T orf ERECaREar i FriRal Dih valreds win the sanizalrof tne
A e ugh
i PR TR SRS MU R E T SR w1 to
and g@rfBHhngwarciofrig Ry & Palti o 50 H81 Y .alldR %%Figr?ging

regenerates power as charging energy to EDLC.
Whercurrenrdkter fiaw Ifrae vdie apd draadnés el tiveougthhawibch SW1

pondiN SRR EEP b borta EIAC6T durida 78 GaHPEriod; and to charge
h [ 6t I ijnc

SIS VTR oSO SHRIRRR PARERR CEtRGBEn coLc

chopped. DZhdurisg &heoffSpeiredtcoBy gbsdbhfgSEHE 5y &M m

in a choppi ngermde to accunul ate el ectromagnetic
ener@generakes aRWer asbghacgirgmeneargiok® -EPLELI ting

tpy 1l f EDLC, th h L apd S to EDL
aur 168088 o Whiarbdhe Rt Nl dE e oy Alta dR hegmisgower
f ot i ' ' i # t
Co e Sonas IR BY S Tt vl aGEdnge Blie B8 the
ext growierl rmpnongt bpevbtiperobelettdyehhele 1, as shown in

bat TG B SR SBIe Storade SURrPE doaDrasea,ERe external
line voltage with the control of the chopper. That is, the
system controis the switch SW2 in a chopping mode to
accumulate electromagnetic energy in the reactor L by
causing a short-circuiting current to flow from EDLC
through L and SW2, to EDLC during the on period; and to
restrain a voltage drop of the external line by causing a
discharging current to flow from EDLC through reactor L
and D1, to the external line on the off period.
[0014] The direct-current power storage apparatus may
employ a battery in addition to the electric double layer
capacitor. The battery is superior in energy storage for a
long time and amount of storage. However, the battery is
inferior in rapid charging and discharging characteristics.
Therefore, the battery might cause a delay in charging of
rapidly rising regenerative power or a delay in a
discharging operation following an abrupt change of the
load at the time of starting or acceleration of an electric
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capacitor. The battery is superior in energy storage
for a long tinme and anount of storage. However, the
battery is inferior in rapid charging and di scharging
characteristics. Therefore, the battery m ght cause a
delay in charging of rapidly rising regenerative
power or a delay in a discharging operation follow ng
an abrupt change of the l|oad at the tinme of starting
or acceleration of an electric -5 vehicle, and thereby

t he vabhidey amghthéreby the upatt=rangeight inkereabeupdl change
e or eneratlonfallure On the other

line volta
handn &H@ %?‘E%’f'?@ H&N@tﬁﬁﬁeprc%ﬁeﬂ@d’ﬁti@nsflﬁiélﬂi‘@)r On the

itﬂeIr ect :}ﬂi&’ Eﬂ&ag?‘?gﬁﬂ?h@égéﬂgt har a(,f:;t ié%lﬁ:b?sls superlor
fegqﬂef@bid%h@@wafrf@rau%%n%l@ ado%h\sef@ etistics, and the

properly, and respond quickly rupt change in

| oackler&tient cddule@mbay et : caﬂmatltsj’redahaamm Pagemerative
plicatio JP 2000- 233669 A Patent docunent 2:

Pubﬁ%%@vg‘&eéﬂe%@ dladgic xahricda: peaperty 2eond respond

0] First Task] T
rest alcﬁﬁgrﬁ)%{ Qgﬁﬁﬂgé ﬁl%?hél L:)Sd er ﬁZI ! [ ge W th
t he mmrodjmrearae 1apPPabaidifedi NEh HAicRe b%%eﬂteAbrchat:on

doubl e | ayer capacitor and step-up and step-d
chopfe0 01'2335(ﬁﬁ1ngurat|on of FIG 5, the term nal

! 2y ERBIS BRI o Bl g S anr e BRtERE pawdication

i myp z‘oqu.aygoqf]]g he rated vol tage range of the

external |ine tage, and a di scharge fromthe

el edlrsc:lmlsmbbeolfalinvercaml tor to the external line

by t[tbeOI%jte ﬂﬁr Y E‘agﬁ(]l— _To restrain a voitage decrease of
the external line with the dc power storage apparatus
including the electric double layer capacitor and step-up
and step-down chopper, in the configuration of FIG. 5, the
terminal voltage (standby voltage) of the electric double
layer capacitor is set at a value lower than the lower limit
voltage of the rated voltage range of the external line
voltage, and a discharge from the electric double layer
capacitor to the external line by the route of reactor L >
diode D1 is prevented. Moreover, to maximize the amount
of electric power (the amount of stored power) which can
be supplied from the electric double layer capacitor, the
terminal voltage of the electric double layer capacitor is set
to a high value near the lower limit voltage of the rated
voltage range of the external line voltage.
[0016] When, in an example of a 1500V system, the
external line voltage is lower than or equal to 1200V (the

lower limit of the rated voltage range of the external line
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diode D1 is prevented. Mreover, to maximze the
anount of electric power (the anpbunt of stored power)
whi ch can be supplied fromthe electric double |ayer
capacitor, the termnal voltage of the electric
doubl e | ayer capacitor is set to a high value near
the lower limt voltage of the rated voltage range of
the external |ine voltage. [0016] Wen, in an exanple
of a 1500V system the external line voltage is |ower

t harv witaguigl ahd paN0ar (isf@u?bdmm:t from tthef ellbetrixt @duble
vol tage range of the external line -6 voltage), and

powdAYied' sapgditerf Elam tm@?nénéétwlcta@éﬁélﬁs&alrucﬁy;e;volftage) of
[ h ' t t any ol tage), .0
e i &l petra:HBHB Ra St stia ¢ B 5 et ToF sam or
o 0 .
el 01 3H0Y, A (P SHRYS, il A EREP b pegtrain @

by aolthigge roipnofedse enctermdl Vinteh vidiea gkobpea. voltage
[0017] In the configuration of FIG 5, the anount of
st ofB&reps&: epateabmgithotheneheipgan.i c doubl e | ayer

' is i ! .th ] | t f
Tho 1R0H7 ¢ 1 EhbeCo AP B bE ob 16 & tReudantas of
the drowerd kildttriefenbbgy aFathe dIbroa c 803 I1¥ 14 Per capacitor
external line voltage. 't is possible to 1 ncrease the

anoustliofitetdobedaeiser thiectpomen adyvoltageax tiget blectric

nb 1 el i.ts of the electric double |ayer
CapdiauBle 1y &rrnasiter thedlotwan thae toarlamer limit of

CaPfld YaPhd! BIHSR 14h GO LA LR] ANPR-GAPAPSE voltage. It is
t éﬁ €"Size of The H@

However, I'S neasure | reases t

powgrossibdeage inppansgkuthendmadgheasestbhedcesdctric power by
[0018] [ Second Task] When the dc power storage

appAR&Fe3sikgure nbnkeer afi paradalow nHge ofr Ope @l@ctric
abSYfuble layer capacitor and increasing the controllable

current capacity of the step-up and step-down chopper.
However, this measure increases the size of the dc power
storage apparatus and increases the cost.

[0018] [Second Task] When the dc power storage
apparatus is used to restrain the voltage drop and absorb
the regenerated power, the systems of the above-
mentioned patent documents are arranged to restrain the
voltage drop by increasing the terminal voltage of the
electric double layer capacitor with the chopper in the
voltage increase (or step-up) control mode in the case of
voltage decrease of the external line voltage, and to absorb
the regenerated power by decreasing the external line
voltage with the chopper in the voltage decrease (step-
down) control mode in the case of voltage increase of the
external line voltage. In this case, in order to use for both

of the measures against voltage drop and the measures to
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t he regenerated power, the systens of the above-

menti oned patent docunents are arranged to restrain
the voltage drop by increasing the term nal voltage
of the electric double |ayer capacitor with the
chopper in the voltage increase (or step-up) contro
node in the case of voltage decrease of the externa
line voltage, and to absorb the regenerated power by
decreasing the external line voltage with the chopper

i n téesoobtragedecathse nowep; thevsamenvottagedeange of the
the case of voltage increase of the external |ine
vol ti&déningl vielkadgsestamdbyakpltagal«f thepetectrée double

L 7° BS R ERRARE b Okt Bt BR kA IEERE iR Speration
ol ety [ ESERAT Shey olesiGe HGD M & AFaring Wperation to
t he athseHarrggenepatibte oweo. r eRdwavert, hat \told abee of

drop_and the chargi ng operation to absorb
regg?%‘?-'é‘i"i"@é‘ Eevkgstrialietee vattage dror the syskam @an

e ESHFALE 1 ALPBECHPRBP AP HRLTLAR, i A Rnorgea
st atgtaite Whivehidhahel etéethcdaulimel Rper gﬁﬁtﬁt% Bs;fully

fully charged and hence its termnal vo I's hi
At tdhanged and beorcs: itenteomibsdrvottagpmdsal igh poerthe time

Ry e
Y . ‘ ' e

o e M ore BRRIGY A StRTEC ipidl T artByiAoes

di scteangeelenergy isshewgy anthichel@obtintdolibabskeyped

oS AR REchor e ert it va R T e

Funety Qb eV oL Q8 tﬂreognﬁSEtr{taBPtSL?SSIiterc]:ledischarge electric
energy and the amount of absorbed charge energy are.
utilized in the same voltage range, the amount of energy to
perform both the function of voltage drop restraint and the
function of regenerative power absorption becomes low as
compared to the amount of energy in the fully charged
state and the amount of energy in the minimally charged
state, so that the system is unable to perform both
functions satisfactorily.
[0019] Therefore, in order to secure the amount of
charge/discharge energy satisfying both functions of
voltage drop restraint and regenerative power absorption,
it is necessary to increase the number of paralle! units of
the electric double layer capacitor and increasing the
controllable current capacity of the step-up and step-down

chopper as in the above-mentioned first problem. As a



function of regenerative power absorption becones |ow
as conpared to the anmount of energy in the fully
charged state and the anmount of energy in the
mnimally charged state, so that the systemis unable
to performboth functions satisfactorily. [0019]
Therefore, in order to secure the anount of

char ge/ di scharge energy satisfying both functions of
vol tage drop restraint and regenerative power

absorggulin,this techripseancicadastpaseizdeombrbedcobower
paral l el units of the electric double |ayer capacitor
and $¥0a8idyPehratusomd doinentases thencosipaci ty of

th - t ep- d h in th
aboV OO ondh BrEr BS Inciadde 1 gt of i s

t i ' t i of : ot 3

appaorgel Bt cRarde oRePhs® Es BRSGTR IR sribR¥ dual
I ncrepste mhenahnadimg & firshad ggoweahetgeagaen eyt having a

possi bl e to enpl OI%/ a dual systemincluding a first dc
ponwdPVéeprtegan inik veilaag stamdly vetid@gr) fesl thgdunction of

LR A LBl D S B AR £ Horgoe o

a hilﬂé‘ﬁrn@%rﬁi@ijeNQéFﬁfﬁﬁaﬁOﬁoim%?tﬂﬁiﬁsﬂfn&tﬁ)n of

regenerative power absorption. vVer,
systr@genacatiasepawersabeooptidre. skishveavend this doal .system
[0021] [Third Task% V\hgn t he power storage medi um

sucH”gEPﬁ@%FESt?‘ ze @buhe FystamMcapacEhgrcost. in the

full - .
Lok 02 OndTHIBCTALRT CYRhER A bBivar stpgags mpdium,
regeneratay ¢ hpowbectidaddoulibder leganecapaditha] igri@ the fully

occurs when an electric vehicle perforns a ]
r eg&it3 F S & - ath e rs Y stemsr ef £he pdrevar meationed patent

documents are unable to absorb regenerative power, and
the regeneration failure occurs when an electric vehicle
performs a regenerating operation. Therefore, there arises
a need for providing a resistor device for absorbing
regenerative power. Moreover, the power storage medium
remains in the fully charged state until some vehicle starts
a power running operation. Therefore, if the regenerative
operation is continued, the regeneration failure occurs
consecutively.

[0022] It is an object of the present invention to provide
a direct-current power storage apparatus or system
suitable for increasing a sum of an amount of power supply
to an external line and an amount of power absorbed as
compared to a conventional system, without increasing the
size and cost of the direct-current power storage apparatus,
and more specifically to make it possible to improve the
function of the external line voltage drop restraint and
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a need for providing a resistor device for absorbing
regenerative power. Moreover, the power storage nedi um
remains in the fully charged state until some vehicle
starts a power running operation. Therefore, if the
regenerative operation is continued, the regeneration
failure occurs consecutively. [0022] It is an object
of the present invention to provide a direct-current
power storage apparatus or system suitable for

| ncrreape mgratimempafwen abvonptifn Everts pr@vent ¢han
external |ine and an anmount of power absorbed as
conf@aRnepaticdbhadistieonal system without increasing

oo dr 0023 TS ACeBrEIng 88 FhecProSEntielitiina Pisaive the
to 'dﬁ’é%enié‘ﬁticfrﬂ%‘&tgél"é‘bfgn*ltshea ed‘?r@dl%u'rt@ﬁt‘ém?é)%aeqﬁstorage
drop restraint and -9 regenerdtive power ab3orptrion

and apparavestot by steegerenpirigesl ai Huyéc ¢OAR8Fter, such as
According to the present invention, to solve the
aboie SKERUshad brSdBPeO WA ghpdReuEpanegaibetween an

' .dc/d
converes R 4B BERED SRS Bheiblh Sughars an
conrqelcefi DaoESIR fiyefXdSpaaltdr. NavdEh & P¥&iernal line
storage nedi um such as an el ectric double |ayer

capadltage Beoomeseckig@heal thaneanvoppagelibeitootsa rated

hi gher, than an upper, limt of a rated voltage range
of “MRIERAEFAROY Pl X! ling Redaiiss 0ben Hacreases

ext bl ABE:yALT A R RoBE 030 0215 SUBHE g  no-

| oa age of a rectifier ¢
uppeoad voiltagéehef appacaifier vekish dsChigigeRchan the upper

conduction path and thereby charges the power storage

medilUmikothgeapparatus makes a charging conduction path and
thereby charges the power storage medium to the
rectifier’'s no-load voltage. As the measures for
regenerative power absorption, when the external line
voltage (the voltage at a terminal connecting the chopper
with the external line) becomes higher than the upper limit,
the apparatus makes the conduction path to cause the
power storage medium to absorb regenerated power of a
regenerating vehicle as the charging energy. When the
pantograph point voltage of the regenerating vehicle
increases, the apparatus prevents the regeneration failure
of the electric vehicle by utilizing the regenerative current
squeezing function of the electric vehicie. As the measures
against voltage drop, when the external line voltage
become lower than a lower limit of the rated voltage range
of the external line, the apparatus enables a discharge
from the power storage medium to the external line with a

voltage decrease control or a voltage increase control of
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rectifier's no-load voltage. As the neasures for

regenerative power absorption, when the external |ine
vol tage (the voltage at a term nal connecting the
chopper wth the external |ine) becones higher than

the upper limt, the apparatus nmakes the conduction
path to cause the power storage nediumto absorb

eget teeiiaieglogs ol HONCT SUtg el and
t he ﬂ'@;’g&k gﬂgmﬁ V\gm QMerng&Hﬁb@éé&ta%@ aﬁﬁmdogler limit.
Dent Lhe glreitr CHERA DRIe L Stathde Shpararfnd? Sstem has

squetdwe rﬁollblw'mg cormdtruletion ectric vehicle. As the
nmeasyr.e agai nst vol tage drop, when the external |ine

vol t 4econe 1GWeA dicactacusrent powerstanage apparatus

nalfTERIRPE A Hofdt cBEVEREY 16,88 <OBRsT3BH Retikaen =

t he ;wwerrngtoﬂag@ meldiut mtm%ﬂe@hwméontmb Qt/dc

a voltage jncrease control of -10 the termnal voltage
of tERNYBHKAT SOSAREISEfIa BRI nerativer powabicantroding

i r SoBAN: s dBtindf b Akl copffiictive donpptiion batween
t he tha extengat dired ared ithe W@ﬁlstb&gé medjum to charge

direct-current power storage apparatus™ conprises a
dc/ & discRarge the powensioregetmadium whenean external

coni 1% Bta, PRt biGARr tha)E ap ImESE i of ayrated

rreanmwageemnge &b tHakextarciines éﬁa%cgrewgt ween
t he rnal ITne and the power storage mediumto

cha @rgdjngcmaﬂgér@n‘etrpem\nlarost@ragednenlummoahm

ox! %{)&%’frnﬁ ig}f%o(‘ﬁrﬁ%%edé’ﬁct?ﬁrﬁérrﬁéﬁeArtt dte 34)5WRén the
external line voltage becomes lower than the upper limit;
and a voltage drop restraining means or section to
discharge the power storage medium toward the external
line while decreasing a terminal voltage of the power
storage medium when the external line voltage becomes
lower than a lower limit of the rated voltage range of the
external line and the terminal voltage of the power storage
medium is higher than the external line voltage, and to
discharge the power storage medium toward the external
line while increasing the terminal voltage of the power
storage medium when the external line voltage becomes
lower than the lower limit and the terminal voitage of the
power storage medium is lower than the external line
voltage.
[0025] (2) When the upper limit voltage is exceeded by
absorption of regenerative power from an electric vehicle,
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vol tage range of the external line, and to break a

di scharging path fromthe power storage nediumto the
external Iine (anended under PCT Article 34) when the
external line voltage becones | ower than the upper
limt; and a voltage drop restraining nmeans or
section to discharge the power storage nedi umtoward
the external I|ine while decreasing a ternminal voltage
of the power storage nmedi um when the external |ine

vol tagd treeendernavwenet hantageowrirddses of ddreduatiesh
vol tage range of the external |ine and the term nal .
vol tRReWBEN heeppauresstpsgge madinm anddie extarnal line,

the .external |ine voltage anct_rt . di scharge the gg.mer

st ortlie [ RAANFAG BYE BOWR! Satinelling figdpy ps seLtion

! ”Cfr@ﬁm%é d ‘Eé?hﬁfﬂqlvf?bﬁ e°c§f the Hellis sHOH=fE medium
medi um wnen the externa I ne vol tage becones 10

t hartat beldoslefowier thandot kg il ronal makiragenmot olfge of the
power storage nmediumis |ower than the external |ine

vol tteganinaloysitaes iwenonrrafiper Withi a negeageative current
exc rption of _regenerative power froman _.

ol cctiTseding REFAIGN o} o IR RERke RN et 8HyEezing

| NCIrg@RAsoRYo £ RRGUEI & OFFicPeéWpEIR L he power storage
medi um and the external |ine, the regenerative power

contf@ORi&} nEdistbe defdcoronvesteniasnnbetserimg redternal
vol tage of e power stor?ﬁge medium to a lev | ower

|
{narlile SRdzine B REFIRIASS TR (he NamRAsFLate of
vol R e} eFAARFAL! %h&‘”ﬁﬁb@eﬁf%?rﬁ‘%é&é%vﬁwé%f)%r storage

squeezi ng oper ation a regene c_ur rent
squenezidigm fumtil itbre céridieval eoltage vehithleep dW@rREtorage

(%) hedilm Teaches a no 1oad voltage of a réctifier.
[0027] (4) The dc/dc converter includes means or a
device which charges the power storage medium from the
external line, while decreasing the external line voltage if
the terminal voltage is lower than the external line voltage,
and while increasing the external line voltage if the
terminal voltage is higher than the external line voltage,
when the external line voltage is higher than or equal to
the lower limit of the rated voltage range and the terminal
voltage of the power storage medium is lower than or equal
to the upper limit of the rated voltage range.
[0028] (5) The dc/dc converter includes a discharge
control switch to control or cut off a discharging current
from the power storage medium to the external line when
the terminal voltage of the power storage medium is higher
than the external line voltage.
[0029] (6) The dc/dc converter comprises a main circuit
which comprises:
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line and the power storage nediumin a no-load state
of the external line, and thereby charges the power
storage nmediumuntil the term nal voltage of the
power storage mediumreaches a no | oad voltage of a
rectifier. [0027] (4) The dc/dc converter includes
nmeans or a device which charges the power storage

mediumfromthe external line, while decreasing the

external line voltage if the termnal voltage is

| over at beaptbp antest@p-towen \wHdpger imflddihig @ high voltage
increasing the external line voltage if the termna

vol tHgle Bgnhiigicd dimgna tyrmdgoadidtan awitoht SYél which is

! b bB R 8RS ol Eho e BuGHR rowing
ter mirBeh tﬁ’é"é@&%ﬁl i@ BALE IR ?ﬁ?hﬂﬂﬁébuﬁyiﬁs# R

than or equal to the upper limt o e rated voltage

rangeon @28 “ath e doltdenainiaet 8hd ackedehdend, and an
di scharge control switch to control or cut off a

di schakigiaig|telr diode Ploronine gerkinsaotiagsa mdéeliot the

th |, li,ne wh t ipal _vol t f th

pon BiEPRgu e ShiFen 1 Bt B HRE gk Etade s fenarm, 2
vol tiage-vdIRagY s(@ it ﬁ%l%iﬁ@‘é%é%imh'&g? fwitch SW2
main circuit™ which conprises: -12 a step-up an

st epybdoin ishappzngiedc indihe dardcgiorv oft Hye semdeoaductor

i ncl udj.n em conpduct or switch SW which is .
arraﬁmg&% %\&10@ Which és canpertadcHusgrgscwithdhe
£ 1 oui . . . q
(i aedondr e 8F i SkiflcondbeRaf itch SW A Ghd an

secqmitipadalbaidd Ryd e DD pahdld e i aden BL pepid1est €6 e
anti-parallel to the sem conductor switch SW of the
hi gifemmicage uites awitch SW2, and a reactor including a first

end connected with the second end of the semiconductor
switch SW1 and a second end; and

a discharge control switch including a semiconductor
switch SW3 connected between the second end of the
reactor L and the power storage medium and arranged in a
direction to control a discharging current from the power
storage medium, and an antiparallel diode D3 connected in
anti-parallel to the semiconductor switch SW3.
Best Mode(s) for Carrying Out the Invention
[0030] FIG. 1 shows, in a circuit diagram, a direct-
current power storage apparatus or system according to
one embodiment of the present invention. The main circuit
section of FIG. 1 is almost the same as the circuit shown in
FIG. 5. Unlike the circuit of FIG. 5, the circuit of FIG. 1
additionally includes a discharge control switch 9 connected
between the second reactor end of reactor L and the
before-mentioned power storage medium. The discharge

-13-



| ow vol tage side armincluding a sem conductor swtch
SW2 which is arranged in the direction of the

sem conductor switch SWL and which is connected in
series wth the second end of the sem conductor
switch SW, and an antiparallel diode D2 connected in
anti-parallel to the sem conductor switch SW2, and a
reactor including a first end connected with the
second end of the sem conductor switch SW and a

secarwhiamd; switcla 3liischangeosedt ob! aseé hriltorrdlibtb AGwitch

sem conductor = switch SWB connected between the second

end D3 5@ aréepted asdity condrpdvediscbasge sediremtafrom the
ed in a _direction to_control di sc

cur e St drade Sl ey on Bho Roandina Ealeh Al Ode D3
e, e Ll dtDam B AN S el s piiicad@lEtoP st sw.

t he sem con

Car pO O3 Lt tAecdmuerit unit drO880krél Geviiceh®@sfuhtibns to
circuit d| agﬂam a direct- current Eower st or age

app&n el of %ﬁt@n‘-ﬁté@r'@ﬂﬂ@ goad ghe @monlmm vgfltage of

t he e t| UIt on, .of

o otRE R L | e hVe EREPF it Eichitftihs to

FI Gcontrdl the év{?ﬁtcﬁlh@ubbéi‘fat':é)@ aﬁd the @cbﬁewc][t:@ﬁ/cutoff
FIG 1 additionally includes a discharge contro

SWi t(@fn/@f@rmiétheddlstmmege chertseicondtcra®t oCoartarodfunit 10
reactor. L and the before-nentioned power storage

rred.nﬁﬁfomésa\(%@%fgéorutgomﬁ%@tm& e meatmﬂmes@alow in

cont e Rt Vbl VB e ihGCr B0 difions and
nedivoitageddateanid waiainagk. dixg dBngl gnr@@rﬁﬁfbll Dm% 10 is

antiparallel to the sem conductor switc
A ceHirwdeshiwitsr thenftalbewdegi eenfoot mnesinsns to

[0032] In the specification and drawings of this
application, “external line” is an generic term denoting a
direct-current side of a rectifier 6 of a feeding substation, a
feed line output side of a power storage apparatus, a
feeding line, an overhead wire and a trolley wire.

{0033] (a) The employed double layer capacitor is a
double layer capacitor having a charging voltage range
whose upper limit is higher than or equal to a maximum
voltage which can appear in the external line by
regenerative power of an electric vehicle. In a no-load
state of the external line, the double layer capacitor is
charged to a rectifier's no-load voltage which is higher than
the upper limit of the rated voltage range of the external
line.

[0034] (b) The direct-current power storage apparatus
or system implements the measures for regenerative power
absorption and the measures for regeneration failure
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control the step up voltage and the step down vol tage
of the chopper 7. Moreover, control unit 10 functions
to control the switching operation and the
conduction/cutoff (on/off) of the discharge control
switch 9. Control unit 10 perforns various control
operations as nentioned below in accordance with

vari ous voltage setting conditions and voltage
detection signals. Accordingly, control unit 10 is

pr o\p e mtiton thetHelflodls wingontawhereangheP@Be] ekBernal line
the specification and drawings of this application,
"extu@ltang D@&Dm§sahlgbﬁé‘rtﬁaﬂeﬁ?md&lﬂpﬁirngn’wt voltage of the

SRR, DA e S L ELHB are turnca
t . r .
gngrd;}gt |§F§Zt;/r?éw!tﬁjeqérgg§§§'§}g)tle%‘€o (ﬁpﬁ@égg%gﬂgﬁnal line
|l ayarndapeeidiectric doutsiebl®yéenywmpaeitar aod bheradyato

chargi ng vol t%tge ralaqge whose upper limt is higher
t hataisedig daubledayemiintaparcitye tahabsochnthppwgenerated

i | _line b i t _
el oATWE Ehi e AT el THERET s MU SRS 1P wiFenhsprption,
| i | . . . .

it S teub e ST BRI 00 gn clectri

uppsrehiaietdoe than alecupblinageasangé tdfe teheteaxtadr Hale

line. [0034 The direct-current wer storage
alppé'rodkﬂge!}ﬁ”(' ;m%hﬁﬁn%ﬁéﬁh‘{% 5@ okiegenersed power by

reg%@Eﬁ%@rgﬁnggW% 2 8_9?%@& 959%%?&{]:2&'5@3#&%&05\%@ the

regenerati 4-preventi on

nmangectMited ottt eekd pe nala p oo rved tagr WeForBa i ghelectric
than the upper Iimt voltage of the rated voltage

rany€hiah@. swit ches SW. and SWB are turned
[0035] When the external line voltage continues to rise

due to this power absaorption, the system controls the
terminal voltage of the double layer capacitor and the
external line voltage so as to prevent an increase beyond a
maximum voltage, in cooperation with a regenerative
current squeezing operation by a regenerative current
squeezing function of an electric vehicle. At the same time,
the system prevents the regeneration from being canceled
by the regenerative current squeezing control of the
electric vehicle even in this state.

[0036] (c) The direct-current power storage apparatus
or system implements the measures against a voltége drop
in the following manner. When the external line voltage
becomes lower than the lower limit voltage of the rated
voltage range, the system controls the semiconductor
switch SW3 of discharge control switch 9 in a switching
control mode if the terminal voltage of the electric double
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on (into the conductive state) to connect the externa
line and the electric double |ayer capacitor and
thereby to cause the double | ayer capacitor to absorb
the regenerated power as the charging power. Wth
this power absorption, the system prevents the
regeneration failure of an electric vehicle due to an
abrupt increase of the external |ine voltage, and
makes effective use of regenerated power by

di sdlayreyi 0g plaatabder vigh e egdrem athey @xeetay finemvoliage. By
el ectric double | ayer capacitor to a power runnin

el eciHBcSWIEHN ) 2. CqTes] ofns@miGeneuciotaswitel SW3, the
nbsoniall PERESERLS anvBlia sk deeredsecERitap! o1 degeease the
of tihg ARl e/dleagre SRR b chRd HBabm%XraeyfaP'créﬂﬁQ&tor, and
voltage SO as to revent an I ncrease eyond a X1 mum

vol tdigehdngeddpe dgouinlevMapea c@pantict tswvadthenexternal
squeezi ng_operation by a regenerative current
squjgi? ngBﬂ}JﬁBfei gdisehapaecireutr thevelaaric double layes

ti t regeneratian.frombein .
L and Ot gl A RIS ol MO SRS A NS VTR nigher
contthain r gl e6ttHeE law“éﬁhﬁnW%lta?bth theélr8ted voltage
[0036] (c) The direct-current power storage apparatus

or dghi@enofirphenexternbé limaswoba gaai Fetthleroidrgewhen the
dro

in. i . \\h h | Tin
Vol e Ak upta g8 aF thRnATERb ICollebiblpniay S araisor
{ .
sombtShed oW thatifhe PREEXRRT M Baftatd By tivis
9 i dischdrgd)i the systewl putdethe s8micenduetor Svired Sw3

of the electric double -15 |ayer capacitor is higher
t hakOt BB @Rt EPRdrol istateo(thg«omguctive state) and controls

the semiconductor switch SW2 of chopper 7 in the
switching control mode. By this changeover of the control
states of SW3 and SW2, the system continues the
discharge from the double layer capacitor while performing
a voltage increase control to increase the terminal voltage
of the electric double layer capacitor, and thereby holds the
external line voltage higher than or equal to the lower limit
voltage of the rated voltage range of the external line.
[0037] The squeezing of the regenerative current is the
function provided in existing electric vehicles. In this
squeezing control, a system monitors the pantograph point
voltage of an electric vehicle. When the pantograph point
voltage is higher than a preset voitage, the system
squeezes the regenerative current from 100% to 0% and
thereby prevents an excessive increase of the pantograph
point voltage. In general, in the case of electric vehicles of

DC 1500 V system, as shown in FIG. 2, a squeeze rate is
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this swtching control of sem conductor switch SWB,
the system perforns a voltage decrease control to
decrease the termnal voltage of the electric double
| ayer capacitor, and discharges the double | ayer

capacitor toward the external Iline. By the discharge
fromthe electric double |ayer capacitor, the system
hol ds the external |ine voltage higher than or equa

to the lower Iimt voltage of the rated voltage range

of tdguexttey nab {a rm%ueletz@gm:awtmgmn@ wheh the

term nal voltage of the electric double |ayer
capaeh nbogrbedoped nk oveltageniis tibevexttbramlot iequal to DC

vol tﬁgﬁ@ﬁé thii di scharge, the system puts_the

seni tBR t8n t&hﬁcﬁqgﬁsze 6348 negiml bp Qildhe sauceze
r 0 .

cwi tiReiaIe S0 r GRE P8 paffeRiAdiniiClottage is

nmodehidgivef tha e kanggedrt@ D ChegoQV f oBetWa@éAS1800V & nd

and SW2, the systemcontinues the discharge fromthe

doubl 8010a{,etheapaueeae wateédspdecoeaiseyl ta zeroakhrearly in
i ncrease contr to i ncrease the term nal voltage ?"kffs
I

{ he RNGEPFHIE NiEaLtte | G kAGEpath ech Y SHA ¢ ROLER
the reeq%ﬁ]éféti\}e} {&glgl‘\églgfttaﬁ’ﬁ tH'iQ'Wéyt.hathrmeeOéi%nL(?aI: Egake

| ower VO e rated’vol tage range

ext eabgorbsneurp B Biakihg eavaest prorfutdd by this squeezing
regenerative current is the function provided in

exi 59 @l eftthiec regginerativencurrentsqueezi ng

t ; it th h iLnt
Vol 1ER3S12) LREANNGhE | & AF T FRP R lian an concrete
poi néxa b k2O v th EnhéGReFoL B%r%t@éﬁ%eéréoé?égi%d kBethe 1500V

system squeezes the regenerative current from 100%t o
0% asyistamefebyher aveassiras txcosdtage deopasesbfairite the

ol TS Wi dPesredenBatiNg Hp &gy, ahs odptipBaan inthe

FI G veasudi'§675-d GeReldtion failure prevention.
[0039] (1) Operating conditions of feeding system: The
rated voltage range of the external line is DC 1600V (upper
limit) ~ 1200V (lower limit), and the no-load voltage of a
rectifier 6 of a feeding substation is DC 1620V. The
maximum charging voltage of the electric double layer
capacitor EDLC is DC 1800V.
[0040] (2) No load operation: Control unit 10 controls
the semiconductor switch SW1 of chopper 7 to the on
(conductive) control state when the external line voltage is
higher than or equal to 1600V. When the electric double
layer capacitor EDLC is lower than 1600V, the electric
double layer capacitor is charged from the rectifier 6 of the
feeding substation until the charging voltage reaches the
no load voltage (1620V) of the rectifier 6.
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-16 equal to 1.0 (a squeeze quantity is 0% when the

pant ogr aph point voltage is |ower than or equal to DC

1600V, and the squeeze rate is equal to O (the squeeze
quantity is 100% when the pantograph point voltage is

hi gher than or equal to DC 1800V. Between 1600V and

1800V, the squeeze rate is decreased to zero linearly

in proportion to the voltage. The systemrestrains

the regenerative current in this way. The nechanica

br akkD 0bt dr bsNewpaLidopdarpeyadienyy WPodocaa biectiis vehicle

T BobPhieRd s e BTARIA e o e Serna)
SxoTehesv UL & B £ O Q9 TbRe R SnAPPELARIAL dd'foac

1500V sy e neasures tor voltage dro

restvaltatge (16 2 0¥95 whes clorrtroeaenir a0 perPerRis, in parallel to
absorption and the neasures for regeneration failure

pr eviéit ifedipgosoy m rectiféeatt ngheopame nss pgslvf ecimghe
Y B adihE Ve $5p a2 DY, koSN Eantrol gt

the = )

o ECIERYS AGRGRIS e PR e MBI yotiage

of tdwedetreetiaren toabhve |tagerof tapaeiltorriESuibieD@yer
1800V. [0040] (2), No | oad operation: Control unit 10
contGHPICIGOTeaERNiNc AMIESTUBN t Eioveer ess cHdbdrunit d 0

| el SIEUE Uietnapa EhrifaL2HER SauiHh Y lexternal
t he |ih @0y 6t oo WY comleay 86 w8 a0 e (at§utwher than or

than 1600V, the electric double |ayer capacitor 7Is
chare@dat teml2R0Y pct Thiereforef inhthis eadiengthe powering

SUbSetr?é‘ri'é){} i%nghlpp}lpeed Cchr?lrygifpgmv%teaggcm?gp%s V\Eil?:ﬁin the rated
voltage range of the external line.
[0042] (4) Measures for regenerative power absorption
and measures for regeneration failure prevention: When,
as shown in FIG. 3, the external line voltage is increased
by regenerated power of an electric vehicle, and the
external line voltage becomes higher than the upper limit
(1600V) of the rated voltage range of the external line
voltage (at a time instant t1), the control unit 10 turns on
the semiconductor switch SW1 of the step-up and step-
down chopper 7 and turns on the semiconductor switch
SW3. In this case, since the terminal voitage of electric
double layer capacitor EDLC is also 1600V, the system
causes the charging current to flow from the external line
to electric double layer capacitor EDLC by the on control of
semiconductor switch SW1, and thereby absorbs the
regenerated power by this charging operation.
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no | oad voltage (1620V) of the rectifier 6. -17 [0041]
Nor mal | oad operation: Wen an electric vehicle is
operated in the power running node, and the externa

i ne vol tage beconmes [ower than the rectifier no | oad
vol tage (1620V), the control unit 10 perforns, in
parallel to the feeding fromrectifier 6, the power
supply fromthe electric double |ayer capacitor by
the on control of discharge control switch 9 since

the poD¥3} | Bpetiviel tAGTgiAGdopRe alted 1 Wath tPld 28 erated
the electric double |ayer ™ capacitor are in

equipowgruaf thewelectriconetitlenthelterminas \ocbftatgte of

di schar ge, co ro‘ witch 9 when the external [|in

Vol (BB thi Suble WY e naAPaGUSY Bk Crinfi@asesnsad the
equ r n
cnertgER0L Y polREFy Reis 1% S RRFL: R RIRT Rases
t he tiggj@the.ol wagﬁ ﬂﬁ@gﬁw@feé@@ @Mﬁénabrit'd“gq'adﬁ)% nt

(4) Measures for regenerative power absorption

meas@ B greor tmég%mmd: oxemmleLmetlmmthensq\Ah@zmg
| ine voltage

t he ext |
?ﬁcré‘i\é%donb g‘iﬁéFﬁSégép na”Qﬁeaﬁrétb\{;@rql&rrent If the
hi ¢ b
{har o5 “%Bﬁgﬁﬂfoﬁ@@éﬂz%oérm%é@ﬁgtz fe S (tne rise

rangsf bhetértextal hiale Ivaltageokinrie ared thd Ie”f&errﬁﬁlanhe
t1), the control unit 10 turns on the sem conductor

swi (€M tage FrarasasonRehdha as lgaanvetpger (7629 of the
L PR LPE AP REIBLCh e R Brc ol S B mina
ChorRenERRSISCIC RN Io}e CpEetoeEOEe fhtreases

el e@RoRtavabus!Y dyyrthvapaticantriEdLESf semieond lmhmtrr switch

of SW3 because of such action as to keep voltage equilibrium
between the external line voltage in this section and the
external line voltages in the surrounding sections. Then,
the terminal voltage of electric double layer capacitor EDLC
settles down to the rectifier’s no load voltage (1620V) if
the no-load state remains. When the external line voltage
is higher than the upper limit voltage, power is supplied
from the electric double layer capacitor EDLC until the
rectifier no load voltage to a powering electric vehicle if
any. Below the no load voltage, power is supplied to the
electric vehicle from the rectifier and the electric double
layer capacitor EDLC in parallel, and the external line
voltage settles down under the upper limit voltage, by the
action of the powering vehicle (as shown by a curve B in
FIG. 3).

[0044] When the terminal voltage of electric double

layer capacitor EDLC becomes lower than the upper limit
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sem conductor switch SW, and thereby absorbs the
regenerated power by this charging operation. -18
[0043] By this charging operation with the regenerated
power of the electric vehicle, the term nal voltage of
el ectric double | ayer capacitor EDLC i ncreases, and
the pantograph point voltage of the electric vehicle
increases together. Wth this increase of the

pant ograph point voltage, the electric vehicle

act iU @8 Vhhef Linecatad voltregeorsngedoflébreeaseernzd line, the
regenerative current. |If the regenerative operation .
of taRdcl pite Wk isteps Ehasdigaftargirg qperakion of electric

ext i Vol .end he, extegnal |in

vol Clibir d S S0 PR FeY Bra Lo b oLBE Bl Egotr 352 the

t he hhdelG c Fp-iE i

tor menafCO Dot RS IR TU T GNET SpLlF! fahitte FRReives
EDL €hee proemeessu g piyntamigofisb sn e dtifdeprb control  of

sem _conductor switch SWB because of such action as to i
keef ABABLe dhen theauregsnekatinthensaadiag) of ithe electric

vol a1 LOhE A L D BT PRlipd g electric
ter idable obyGecab arlitst EFLAOHOAEhRY BR e CARALIMYM voltage

EDLC settles down to the rectifier's no | oad vol tage
(16Z0\300V) (ahea bmeadstant 2 pntihasregwperatitve current

Vol EQE e SPrEDBIIEIE 19 TR WRE0ct S gtk B shscurrent
| | Nt L .
vol CoNEERERG MpE o) L EPErolEr shointhe Blgrnal line

t he vodthgadnval/t eg@ch pb8O0V fesnppiraeilyt betvend the upper
electric vehicle fromthe rectifier and the electric

douBi®it (ARHO0Vapatither reted valtageainangeatha pystem
ext ?,{Hé\ﬁ}lo;.{lgg‘ggyrgghmg%r%%ts% OF O4 e Y0 af [ d'RRfitage by the

[im
reduction of the regenerative current to zero, and thereby

prevents failure of the regeneration.

[0046] Therefore, in the measures for regenerative
power absorption and the measures for prevention of
regeneration failure, the external iine voltage may increase
temporarily beyond the upper limit {1600V) of the rated
voltage range, but the external line voltage is decreased
finally to a level fower than or equal to the rectifier no load
voltage or the rated voltage’s upper limit. Thus, the
terminal voltage of electric double tayer capacitor EDLC is
controlled within the range of 1600V ~ 1800V.

[0047] (5) Measures against voltage drop: When, as
shown in FIG. 3, an electric vehicle is operated in the
power running mode, and the external line voltage becomes
fower than the lower {imit (1200V)(at an instant £3), the

control unit 10 decreases the terminal voltage of electric
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action of the powering vehicle (as shown by a curve B
in FIG 3). [0044] When the term nal vol tage of

el ectric double |layer capacitor EDLC becones | ower
than the upper limt -19 (1600V) of the rated voltage
range of the external line, the control unit 10 stops
t he di scharging operation of electric double |ayer
capacitor EDLC by the off control of the

sem conductor switch SWB. The electric vehicle

recalyeble tibg grovapaxippr YEDOLCY by sWitehin§i € nbrol of the
[ 0045] When the regenerating operation of The electric

vehisgmicondiuties, suitichh8W 3y mtaatswldlagé\acrfgang operation
I bl acitor EDLC reaches, t
e FORVSIRGIGLS dOMB 4T ac 4P RENGT ELDEC, By Toygy reactor L
V. r c [
IZ%S%E@%CE%E%%J@%’{% bher e BsTa Tl e in
Thefc&f@pératlbwghthhpowiaEfsﬂﬁbpIy FeonyY HelA9f efey, rWﬁén the
1800V tenporarily beyond the upper limt (1600 V) of

t he &é&e;mazlolln@gymmge is netyysedm byrthemperatioreto
ernal, |ine voI

oA e P b sbR ot it JeNE! P gnk thamgor equal to
thergly |oWe3VAPAR @Qlw\?%@t ENeirhed eﬂﬂt‘%ﬁ éQ%wn by a

Therefore, 1 n the asure or regenerative

absayptverC andFiGe MaSheesohOrobueMemmcxtaxﬁs the drscharge
regeneration failure, the external |ine voltage
i ncrda8 ctiréﬁmub.wawaroﬁamt%@@m Bivt tpxeom.cy)off

o bRt 83 PE A S A Bk ople

oy Tayer SApetERyy EPLCTRY, eRdngiRg s¥RrotnElperbtin of tne

el e@tEiRc W@ @ Stmﬂ@wplachmp@mto tBe voltage increase
control (as shown by a curve C’' in FIG. 3), and stops the
control at the charged state to 1600V.
[0048] When the external line voitage remains under
the lower limit voitage (1200V), and the terminal voltage of
electric double layer capacitor EDLC becomes lower than
the external line voltage (at a time instant t5), the control
unit 10 turns the semiconductor switch SW3 to the on
control state, and the semiconductor switch SW2 of the
step-up and step-down chopper 7 to the switching control
mode. By so doing, the control unit 10 increases the
terminal voltage, continues the discharge, and thereby
restrains the voltage drop of the external line voltage in
cooperation with the power supply from rectifier 6. With
this discharge, the terminal voltage of electric double layer
capacitor EDLC decreases below the lower limit voltage
(1200V). When the external line voltage is returned to a

level higher than or equal to the lower limit (1200V) by this

-21-



controlled within the range of 1600V N 1800V. [0047]
(5) Measures agai nst voltage drop: Wen, as shown in
FIG 3, an electric vehicle is operated in the power
runni ng node, and the external |ine voltage becones

| ower than the lower limt (1200V)(at an instant t3),
the control unit 10 decreases the term nal voltage of
el ectric -20 double | ayer capacitor EDLC by sw tching
control of the sem conductor switch SWB, starts a

di schgitaigey deiegy /bkerairftr 08t & a¢id ¢ndeyAted aﬁgfshown by a
capacitor EDLC through reactor L and di ode D1, and

t hercabyw e d3tinaFb&. a3)/,o|thegeoartop| iunitcbOpenarges thehelectric
fromrectifi n the external line
o e abPe et ﬁ@ea%ﬁp% EDEGePit Fof YoItada desreans
| t § u P
o8 LB Y Eh RPN e AT i o in
a @myess, I@nalﬁérra)natég ety @lt He@e%@scdrh@'ol at the

di scharge of electric double |ayer "capacitor EDL
tur iRy @t d stahia t@nhﬁ&tﬂdf switch SWB, charges the

the LA T on WinarmRe, FREiaeoHAOR: of ths e xRspri i
the c\eﬂmggﬁeg nehEAeRe ﬁr‘}hﬁﬁbl(\?&té FoY| tcrﬁ‘égfo&ole layer

in FIG st ops contr ol the char ge

st atosaﬂa)c:llﬁ)(i}OE/DL[COQi@réﬁws ttioe thet mmﬂlndmv&od@hb@@SOOV)
remai ns under the lower limt vol tag (1200Vv), and
t he Bethengdiscbprage(at a éima instantidi7a, |td1,%rcontrol unit 10

CaPREY tFRLCORRESITRE AU U A0 R BS Bpoper 7.

tur fthé‘r? tBRPOAWEH HUNH n iF1d d:ﬁe%otrpotfh@@relemmd Yehicle

state, and the sem conductor switch SW2 of

st eengs et 8t HpredwstaindphBd) amdothe]emsmnmmh hme voltage

Contr%urns to a level equal to or higher than 1200V (at a time
instant t9, as shown by a curve E), the system charges the
electric double fayer capacitor EDLC (as shown by a curve
E’ in FIG. 3).
[0050] Thus, the terminal voltage of electric double
layer capacitor EDLC is controlled in the range of 500V ~
1600V.
[0051] That is, at the time of the measures for voltage
drop restraint, this system makes it possible to charge or
discharge the electric double layer capacitor EDLC in a
wider voltage range (500V~1600V) as compared to a
system of earlier technology, and to significantly increase
the amount of power which can be supplied for the voltage
drop restraint, even though the capacity of eiectric double
layer capacitor remains unchanged from that of the system
of the earlier technology, (without the need for increasing

the number of parallel elements).
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node. By so doing, the control unit 10 increases the
term nal voltage, continues the discharge, and thereby
restrains the voltage drop of the external line
voltage in cooperation with the power supply from
rectifier 6. Wth this discharge, the term nal

vol tage of electric double [ayer capacitor EDLC
decreases below the lower limt voltage (1200V). Wen
the external line voltage is returned to a |evel

hi ghe@0B2]} orirediad itlasthetédvexahpid, (R20Q¥)dbYconverter is
this -21 voltage drop restraint (at a t'i me i nst ant t6,

as sEHRWHPoOyed Of:@h\ﬁeSDEDnUPI @nmﬁtephdmntcbbnnﬂn and the

h h I d t
The JciiaGeiiral s6ft HBVERY 8t droppssq kg achieve

Shov@g@)’vé‘léﬁw ¢rdttd :é d:'d%?ﬁ%tm?ﬁg éﬁg%ﬁ?{)gf’néhf charging

vol e decrease cont

1600and[ 0Bt amiiery tdhecwitl hagdndr apcofh fid\er$viber Adfferent
line continues, and the term nal voltage of electric

doutiremaine illgsssatedrexpraptecfessesabbingdéhe change and

vol t (5 e_di schar a |nst

) (R s R a0h B, Stot Aas s BTubt Suidh as EDLC
stemang #adestemErymehopper 7. Wen the power

runni ng operation of the electric vehicle ends (at a

ti mel QO&Iht taneasmistehm eftdredlldstnated exgenple is
returns to | evel uaI to or higher than 1200V (at a
(BTN ad G PerOTEndIe o G4A YIS A ah Ao control

e SR BB R CBbocor

LoD S e gu b e peange o
the external line in the no Toad state and the normal load
state of the external line. However, the system may be
arranged to control the terminal voltage of the electric
double layer capacitor between the lower limit voltage and
the upper limit voltage of the rated voltage range of the
external line.
[0054] For example, the terminal voltage of the electric
double layer capacitor is set at an intermediate value
between the lower limit voltage and upper limit voltage.
From this state, the system acts to satisfy both of the
function for the measures for voitage drop restraint and the
function for the measure for regenerative power absorption.
Moreover, when the terminal voltage of the electric double
layer capacitor becomes higher than or equal to the no-load
voltage of the rectifier, the system allows the terminal
voltage of the double layer capacitor to decrease
spontaneously while maintaining voltage balance in the

entirety of the external line even if there is no power
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[0051] That is, at the tinme of the neasures for
voltage drop restraint, this system nmakes it possible
to charge or discharge the electric double |ayer
capacitor EDLC in a w der voltage range (500V~1600V)
as conpared to a systemof earlier technology, and to
significantly increase the anount of power which can
be supplied for the voltage drop restraint, even

t hough the capacity of electric double |ayer

capatiinoingevahid eundiarered hior der triiatalof oltteeg s yoft €hve double
of the earlier technol ogy, (without the need for .
i ncrlé¥@mganardtanAantisugrtal Ingreasedy $he czmtinuation of

00 [ t I the dc/d t

o Teomsl ER8sridna A8 BBsT SRR dnepri it tiefperehlides, the
th ol . it .
toeasc»ﬁ? eve bggui val éﬂ?e:ﬁ%gbgrgﬁmg@gﬁ%@ Ej}ﬁﬁ'ﬂ?h@ the
COnT{ gHat Lon ¢ FLorRnt 1 rom the T LT usty ai ed exarpe.

con r on differen romthe illustrated exanpl e,
for Qﬂ%ﬁig tﬂ'étg@aﬁé‘ésbwedji%m@’@fbﬂﬂ@/eiéﬁ%ﬁl‘gg\ﬁ@fage
t mredi . | . 1ine. .
oo R B, B frE Ry Bl el cqndtitor. 1vis
arr ppgssisle perdcnmvdieimivapddbeebalgg 6pRra®lohe by
control the termnal voltage of the electric double

| aye@Mddpadngoras iddr phwenmtarddeimediutrage dfy b i

rated voltage range of the external. line in the no

| oad RHEEEOnF dABORFARAT b aRASHO Tof 8 NHd Okxa dPRBIETY -

lin T sanr t 0]

L he T QrOBRAR! it 18Copt Ry ] BY PGy G A 1HEdd BaFRL b0
capguiadetamnired vbétdgeeausednidr colntaptlingda s8miconductor

:g?gmtl;:crlq,it ;f\éopl rteavgeen€fchtaht%err?rtrge‘jo%/%|hteaggrrrl?gc?r?dgfctgpeswitch.
[0056] As explained above, the system according to this
invention can absorb regenerative power when the external
line voltage exceeds the upper limit voltage of the rated
voltage range, and restrain a voltage drop when the
external line voltage decreases below the lower limit
voltage of the rated voltage range.

[0057] Moreover, the power storage apparatus makes it
possible to charge and discharge an electric double layer
capacitor in a wider voltage range as compared to the
system of the earlier technology, and to absorb
regenerative power though the energy storage quantity of
the double layer capacitor is equal to or greater than the
quantity in the fully-charged state of the device of the
earlier technology. Accordingly, the system can satisfy
both the function for voltage drop restraint and the
function for regenerative power absorption. When the

terminal voltage of the double layer capacitor becomes
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[ 0054] For exanple, the term nal voltage of the

el ectric double |ayer capacitor is set at an

i nternedi ate value between the lower limt voltage
and upper limt voltage. Fromthis state, the system
acts to satisfy both of the function for the nmeasures
for voltage drop restraint and the function for the
neasure for regenerative power absorption. Moreover,
when the term nal voltage of the electric double

| aydrigtegratheor oreequed o gher nidrdoadr veltwdetof the rectifier,
no-load voltage of the rectifier, the systemall ows
t he h@(ﬁ]yﬁ&em\@uags afspeatanesius daaieasmafi tbe terminal

o Hitees BROEHfeible 18y e GapActon WithkhesEaltage
thert?al'a%dé’lﬁot’ﬁé W%%Iéué‘f”t ?({He‘f'h%l IWI‘S”S?EFem even if

termnal voltage of the dou ayer capaci

conttharesig ca rmwwm@yvéhecl@ontli\melﬂt ifoth@fterman®al voltage

regenerating operation in one or nore vehicles, the

systOe‘nUpJ@ed/@Hbéetflae/&rega@@catomccmtunums 5 ntse ibA ng
control of the electr

th

vonceE ot bR ER T S erpile Wafafidns nthgosustem can

st Ofrﬁl@fi/erﬁ'?fﬁh'é”féﬂ@réd@ﬁ tWé ?bg"etrfét‘at%%bb? i:ﬁée{ise of the

capacitor. It is possible to achieve simlar ef

and Copeeatti sqslekgzmgrrpbmtrog ofaant e pmiervshislage
|m%f dgd acitor, a large-capacity

capal; 3 7ithe lSBPtr@vy‘t 'SI\/BP§(§\'/'éle tpt Sl%ntfb@iiﬁﬁ'a{

t

1 PPLASSCHE BRI B oo R R Y Cipiea ror

pr exhet volied ¢ erd ngp ofedtiraiseiveithdint dicWitng-an increase of

[0056] As expl ai ned above, t he system according to
t hi $hej flzeQfobhe sy stsyor ancb@éhenareasepoﬁvethe/mstn he

ext g{r@f Fiélggrylﬂ.toaweoF%'@ae%"t‘he upper limt voltage
[0059] FIG. 1 is a circuit diagram showing a direct-
current power storage apparatus according to one
embodiment of the present invention.
[0023] FIG. 2 is a graphic view illustrating a
regenerative current squeezing characteristic of an electric
vehicle which can be employed in the power storage
apparatus of FIG. 1.
[0024] FIG. 3 is a view of voltage waveforms for
illustrating operations of the power storage apparatus of
FIG. 1 for preventing the regeneration failure and for
restraining a voltage drop.
[0025] FIGS. 4 are schematic views for illustrating three
different power regenerating systems of earlier technology.
[0026] FIG. 5 is a circuit diagram showing a direct-
current power storage apparatus of the earlier technology.
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vol tage range, and restrain a voltage drop when the
external |ine voltage decreases below the lower limt
vol tage of the rated voltage range. [0057] Moreover,
the power storage apparatus nakes it possible to
charge and di scharge an el ectric double |ayer
capacitor in a wder voltage range as conpared to the
system of the earlier technology, and to absorb
regenerati ve power though the energy storage quantity
of [GO2BLbl FIGY& isapatenonfi wasmfarnhe for digetedting
than the quantity in the fully-charged state of the
devi@Re bRt Ofcthe i RewWescEEOrage. a ppadiadiusgpf, FiGe 5.
system can satisfy both the function for voltage drop
restraint and the function for regenerative power
absorption. Wien the termnal voltage of the double

| ayer capacitor becones -24 higher than or equal to
the no-load voltage of the rectifier, the system
causes a spontaneous decrease of the termnal voltage
of the double | ayer capacitor with the voltage bal ance
in the whole of the external |ine systemeven if

there is no powering vehicle. Even if the term na

vol tage of the double [ayer capacitor continues to
rise by consecutive power regenerating operations,
the systemcan prevent the failure of the
regeneration by the use of the current squeezing
control of an electric vehicle. [0058] Furthernore, it
is possible to significantly increase the quantity of
power whi ch can be supplied for the voltage drop
restraint, without incurring an increase of the size
of the system and an increase of the cost. Brief

Descri ption of Draw ngs
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[0059] FIG 1 is a circuit diagramshow ng a direct-
current power storage apparatus according to one

enbodi ment of the present invention. [0023] FIG 2 is

a graphic viewillustrating a regenerative current
squeezi ng characteristic of electric vehicle which

can be enployed in the povver%g-tl%LMé appar at us of

FIG 1. [0024] FIG 3 is a view of voltage waveforns

for illustrating operations of the power storage
apparatus of FIG 1 for preventing the regeneration .
fai | lr e and disectredirentrpawer stofage apparatupggmprising

& 1 e sREVETGE forbE P Bbct el 6 e 2 foWer storage

techmadigsm ah803Alexternd linecofia de¢i élatais 2ailway, and

showi ng a direct current power storage apparatus of
the WRICh SOmM@IisRS.0gy. -25 [0027] FIG 6 is a view

[ pvavel of B ddi e HaliVa! pBWEP cofEbRlA A mian e o Mike

& respneluctive qeneection deEtweear the exterpalding akdahe
dc/dc converter to be connected between a

. . a_ power
gt orp@Werstemge mediamda ehadge prdischarge the power

BegerARd € BHlupt dEhencah yteiaL % waifhge becomes
@ondmgheﬁthaﬂnant upperefintiepft daateievorade rarmyd of the
t he power storage nediumto charge or discharge the

voneextarnablings anditorbipak andiseharging paghvbiamghe
Ggffgégrqrgﬁgép%ﬁret h’t@&]ilﬁ‘“ HPRfe EXEEFnSl 1the 35Plended under
12 PCT Article 34) when the external line voltage becomes

13 lower than the upper limit; and

14 a voltage drop restraining means to discharge the

15 power storage medium toward the external line while

16 decreasing a terminal voltage of the power storage medium
17 when the external line voltage becomes lower than a lower
18 limit of the rated voltage range of the external line and the
19 terminal voltage of the power storage medium is higher

20 than the external line voltage, and to discharge the power
21 storage medium toward the external line while increasing
22 the terminal voltage of the power storage medium when the
23 external line voitage becomes lower than the lower limit

24 and the terminal voltage of the power storage medium is
25 lower than the external line voltage.

1 2. The direct-current power storage apparatus as claimed
2 in Claim 1, wherein, when the upper limit is exceeded by
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10 external line, and to break a discharging path from

the 11 power storage nediumto the external |ine

(anmended under 12 PCT Article 34) when the externa

| ine voltage beconmes 13 | ower than the upper limt;

and 14 a voltage drop restraining neans to di scharge

the 15 power storage nediumtoward the external |ine
while 16 decreasing a term nal voltage of the power
storage nedium 17 when the external |ine voltage

BecosB§ ok BPRIN tdraﬁegeln@mwéﬁipbwért fP(f)n'? Ren rélb%@rlc vehicle,
vol tage range of the external 1ine and the

der nandl thvelexiermdl time poleaget mcamasredllmw wnﬂugﬂlmn

20 than the external line voltage, and to discharge

fhe betweernpthe B%@rrﬁé@r@ﬁq dm@ﬂdumea@sitmaaﬂxmrrmal line,

B b VLETARSR? P APERS I ARB L rEBEEBE tne

becoa@w@mswmaget B dHaWo Wk ét@fﬂa@@%té}ﬁdrﬁrqghevm

vol tage of the power storage mediumis [ ower
ghe lower thian iareeqalalate.a maximhendivetageuofertie terminal
ower storagﬁ é\(ﬁgarat us as claimed 2 in Claimil,

er&pitagm PEpREIOM; Wik i35 rfﬁ@é@@ﬁlyﬁ cupirent
1805 BquLaRg SBEFARIGH JeaPRIGET T 28 GufAL Squepzing

1gonduni¢tannSobeheeelethficPoediickd or age medi um and the
external line, 6 the regenerative power controlling

rreans restrains the 7 term nal voltage of the power

e mto a |level t han or | toa .

om Bt e B BB RL Ao nAT SkoldBtagenalatus s claimed
QOOHW @tlbﬂ’ﬁ W HR 2 WAYEPE[Rithe HrceEbn%&%Lfegéhﬂ%cts the
operation of a regenerative current squeezing
Buncexarmd| time elrettthiec poahecistorbde milkeelium in a no-load

di rect-current power sto e apparatus as cl ai ned
4 state of the ICéxternal Irm% ﬁg thereby charges the power

un

storage medium until the terminal voltage of the power

[=)]

storage medium reaches a no load voltage of a rectifier.

1 4. The direct-current power storage apparatus as claimed

po

in Claim 1, 2 or 3, wherein the dc/dc converter includes a

3 device which charges the power storage medium from the
external line, while decreasing the external line voltage if
the terminal voltage is lower than the external line voltage,
and while increasing the external line voltage if the
terminal voltage is higher than the external line voltage,
when the external line voltage is higher than or equal to

O oo <1 o Uk

the lower limit of the rated voitage range and the terminal
10 voltage of the power storage medium is lower than or egual
11 to the upper limit of the rated voltage range.
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2in Caiml or 2, wherein the dc/dc converter
connects the 3 external |ine and the power storage
mediumin a no-load 4 state of the external |ine, and
t hereby charges the power 5 storage nediumuntil the
term nal voltage of the power 6 storage nmedi umreaches
a no load voltage of a rectifier. 1 4. The

di rect-current power storage apparatus as clainmed 2
in Cdaim1l, 2 or 3, wherein the dc/dc converter

inclgidesTive @irdext-earnBhepenaigesots ePQWar%tthfsaé%hclaimed

mediumfromthe 4 external |ine, while decreasing the
axt danglaimné, vl Sage 41 vBhenein dihe nhd/dolcoapesitr includes

I r thap the external |jn oltage, ., 6 and while
?(r)l\é\erae FﬁE}atrEJ@ éé{&rﬁglswit@ ¥8|€(agér¢|f Of heu Qfléran' nal
[t [ ' r ' a .
Ao EEndiher elirr8AE (B CHE] Boper BFo 4R AFediiim to the
50 ®tterriamihd whénofhé termaies| Wlt@?é HANER Ffver
the termnal 10 voltage of the power siorage nedi um
bs ISdbmenagehanediusydal higher dhare thpextermal bhet keltage.

rated voltage range. -28 1 5. The direct-current power
storage apparatus as clained 2 in Caiml, 2, 3 or 4,

yhergi n e dji‘?/e‘fi“E-EGFP’@ﬁF HowH Hgtﬁlfsa %éﬁaﬁié’:ﬁ%'?%rsgga claimed

control swtch to control 'or cut chargin

gurrianCldimanilj &, BowerosByrade et thetdcyde cdnverter
external |ine when the term nal voltage of the power 6
3t oCAYB PSR S A i alnghisc Ui hamhi¢lR GOMEMSesti ne

for 820 & sbepllh S St Rdlh, BR85g) Peffain

I Do S0 MGPEIREASE SRR A e, c

6 ncisgdnigond uctpirgswitth ayél swindchr is iemcandied) in 8 direction
2?%@?{:‘%&?8[ asc. tacrrg];‘f’% %irtggnksﬂg(/\{i%%g?po}nn t%e external iine
8 and which includes a first end connected with the external
9 line and a second end, and an antiparallel diode D1

10 connected in anti-parallel to the semiconductor switch SW1,
11 a low voltage side arm including a semiconductor
12 switch SW2 which is arranged in the direction of the

13 semiconductor switch SW1 and which is connected in series
14 with the second end of the semiconductor switch SW1, and
15 an antiparallel diode D2 connected in anti-parallel to the

16 semiconductor switch SW2, and

17 a reactor including a first end connected with the
18 second end of the semiconductor switch SW1 and a second
19 end; and
20 a discharge control switch including a semiconductor
21 switch SW3 connected between the second end of the
22 reactor L and the power storage medium and arranged in a

23 direction to control a discharging current from the power
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7 to control a charging current flowng fromthe

external line 8 and which includes a first end

connected with the external 9 line and a second end,

and an antiparallel diode DI 1o connected in

anti-parallel to the sem conductor switch SW, 11 a

| ow vol tage side armincluding a sem conductor 12

switch SW which is arranged in the direction of the

13 sem conductor switch SWL and which is connected in

2¢er igOrage wnediune, sevdran antipanaielsdiddenBEconnected in

sw tch .S\, n anti 1 el diode D2 nect ed
281 AR TERATANE tQ §hehseTn CanauoRaE S ol e s ihd Sv

and 17 a reactor including a first end connected mnth
the 18 second end of the sem conductor switch SW and
a second 19 end; and 20 a discharge control switch

i ncluding a sem conductor 21 switch SWB connect ed

bet ween the second end of the 22 reactor L and the
power storage nedium and arranged in a 23 direction
to control a discharging current fromthe power -29
24 storage nmedium and an antiparallel diode D3
connected in 25 anti-parallel to the sem conductor
switch SWB. -30
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