V DESCRI PTION DC PONER STORAGE DEVI CE Techni ca
Field [0001] The present invention relates to
apparatus or device such as direct-current power
storage apparatus which is to be connected in
paral l el to an external line of an electric railway
and which is arranged to supply electric power to an
el ectric vehicle in power running operation and
absor bi ng power in regenerating operation, and nore
specifically to charge angygsrRppger SNt rol system
and/or nethod to control a power storage nedi um for
nmeasures against a voltage drop of an external Iine,

nmeasures for abs@ptPOWER SPORAGEDEIQE of an
electric vehicle, and neasures for preventing

regeneration failure of an electric vehicle.
Backbgshiicak Fiedd2] In a direct-current feeding

syst cti u stat,. e_arranged. at
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inthe electric vehicle. T0003] Mreover, in a quiet

or rideeifigaliviloehange ang disicdange ammiralesyateme and/or

regen%r% dqgongg%tpgrc’aonl&hgrlétrgrage 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] In 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.
[6003] Moreover, in a quiet or non-busy railway line, an
electric vehicle in the regenerating mode has only a limited
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-1 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

is [ t I i ¢ vehicl h
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mode ookt wehidie BsakRetrgy fBEpIWeR rbrakRg, TARME hence
brake nobde changeover operation causes a delay in
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[0005] (1) Regeneration method of supplying
r egdRepaOtMepyebicte, andethat logdcdeceaaspswabragiiye

b [ rter,. As shown in FIG. 4(4A), dc r .
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transtiopprg the vehicle at a predetermined position, and
shortened service 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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for the inverter, an ac breaker, the inverter and a dc
breaker, so that the systemis costly as a whole. -2
[0007] (2) Regeneration method 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
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storage apparatus: As shown in FIG 4(C, on a direct-
cur k@0 tie Jiis methoders snatie to aidkertiedtive use of
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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 confrolied 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 voitage range because of
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fromthe external line (cf. patent docunent 1, and
patent docunent 2). [0010] Wen the external |ine

vol tage becones lower than the lower limt of the
rated vol tage range because of -3 r the power running
operation of an electric vehicle, then the external
line voltage is controlled to a higher voltage |evel
by a vol tage increase control of the chopper 7, and
power is supplied fromthe direct-current power
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l'ine. , I's system can be used as neasures
agaenterniad okt agitalyeds cantraHed toralteighenydlbage level
| oad as viewed fromthe alternating-current squrce

si d8Y poveltagednaeamivs o ivginotitheurholrer qur anidopower

! Syl L P S8 BREC PP B gV e
vol EHQSU?I'P'E?I!;@ Fhoppep'y (8l tRgeegt&enal Winea‘.”dTﬁus, this

reactor L. e high voltage side armincludes a
sensystdootoan setebe 8Vas whieshs iness aagdinst thadvoltage drop,
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conf@oed]i n #IG.p8rehbels a enapmicipadictonfsgutrabion of the
SWL. The [ ow voltage side arm includes a
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ant ispdeas el idchwdeb2a semiconductor switch SW1 which has a
first end connected with the external line and a second end,
and which is connected so that the semiconductor switch
can contro! 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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connected in antiparallel to sem conductor switch SW2.
The reactor L has a first end connected with the
second end of the sem conductor switch SW, and a
second end connected with an electric double |ayer
capaci tor EDLC. [0012] Wen the external |ine voltage
becones higher than an upper Iimt of a rated voltage
range due to the regenerating operation of electric
vehicle 1, as shown in -4 FIG 6, the thus-constructed
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vol t age with the control of the chopper I's, the
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regenerates power as charging energy to EDLC. [0013]
Weﬂndwere@at@n'nm toi EELVGI dugn Bevorms ne:m@d tam te charge

mt,of the rated volta range
DonED e %&F%PF%H"& Al ard"CEafESe 12, Hifougn EDLC
sho o] or
thewehxq gbrz *G;r”ﬁ%e VO f{?a%\gf-{/ﬁh ?%Sggﬁ??@?’gﬁ{?hﬁ em
chopagrene"rrwttes powke asychangiooptenésgyheo BDLEh SW
i g%lil ng node to accunul ?te el ectronagneti c
ene
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of | ]ftreuﬂﬁtn Eebatw&jmm@ctﬂts\ﬁém@neﬂq CHEr$dwn in
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line voltage with the control of the chopper. That is, the
system controls 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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[0014] The direct-current power storage apparatus nay
enploy a battery in addition to the electric double

| ayer 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
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Japanese Patent Application JP 2000- 233669 A Pat ent
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| i ngpwpDing{E3966mower storage apparatus including
the electric double | ayer capacitor and step-up and
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ter eiloo\é;eégggaﬁt andby voltage) of the electric

dou itor is set at a value |ower than

thed@/arog t of VPALR4Ftignt he rated voltage range of
he ‘external [ine

[0015] [First Task] To restrain a voltage 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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vol tage, and a discharge fromthe electric double

| ayer capacitor to the external line by the route of
reactor L 3 diode Dl is prevented. Mreover, to
maxi m ze the anount of electric power (the anount of
stored power) which can be supplied fromthe electric
doubl e | ayer capacitor, the term nal voltage of the
el ectric double | ayer capacitor is set to a high

val ue near the lower Iimt voltage of the rated

vol t ran f i lalgn e

(o uEFET G bW P SUTH D Frelhl gmen e dpuble
L msYée!éagacitsOH,OWé tereninal epiakgeo(4eA0Ubit veltage) of
lower limt of the rated voltage range of the external
limhe ebegttitagelplank yowsapacisappsi satlogietr ihan or
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t hgnhexbakeakohitpel withatkebyhappsdit.age increase
control with the chopper. [0017] In the configuration
of [OG17] tHfe theueenfiguratipadof BiG i ERergnent of

the eleciric dauble |ayer cj g o .
postared RSeEr aaer oy PLIEE R IbREra Bafle ysp qapacitor
| ayery géﬂ' P%rca'l.?sé%he' UM inEANV b d W thienkleefric

the rated voltage range of the external |ine voltage. .

| t doubpedsiyidrecapacitoedsesebéommubhac theolawer limit of

el ectric power by increasi t he nunber of parall el .
unithe (5'fat19ﬁ’e"@||%%9€i‘@nESUBF%hIea)‘?é&eéH c’i'?@rvﬁ’%age' It is

| "S5S8EIN 1IAGERRl LA SmBeat A8 Weelrchpower by

_ t'ep- d6wn chopper . Wever, this measure
I ngheaeesihketiezeuehbereofiparaibe] ustivs agfethppaletisc

and i ncreases the cost. .
double layer capacitor and increasing the controliable
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 voitage 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
voitage 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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[0018] [ Second Task] When the dc power storage

apparatus is used to restrain the voltage drop and

absorb the regenerated power, the systens of the

above- nentioned patent docunents are arranged to

restrain the voltage drop by increasing the term na
voltage of the electric double |ayer capacitor with

the chopper in the voltage increase (or step-up)

control node in the case of voltage decrease of the :

ext | 0 n
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t he eGRNPEN vid]té?é Y@&ér@@byd%ﬂwge)_(@ﬁ ¢he dbaodric double
control node in The case of voltage increase of the .
extlayeal chpacitor tisgesetnfehibotdned the disedratgingoperation
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vol ctri'c doubl e yer ‘capacifor 1s

usedlpEpatiem tootetheaith shbavoitmgepdrep| dhe system can
restrain the voltage drop and the chargi ng aperation

to regisanin mgemlrtatga/@lr@cn/vénorﬁoaéf\ﬁe&t?va?vtlﬁleatfuﬂévoq%harged
operation to . restrain the volta dr, t .

st TR RN Eh Hhe Sl oro il 8ven SEPREIEFEI FF Iy
chag§fgedt 8h@l Herke Gbs tlag ralwal Mdtdgeble Higrer At the time
capacitor is fully charged and hence its term nal

vol bhgpesativghto A bsbebt regenefradper poivear thebsysbem can

regenerated power, the systemcan ahsorb re _enerqy
i n AP§PEPeMAreuaRErgdd hAodkAtSN wﬂaﬁbeaﬁténenwur' of
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t hecapadntoaridmened idssthangrathasitaige isriomgyr.and

t he amount of absorbed charge energy are. .
Therefore, since the amount of supplied discharge 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 parailel 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



utilized in the sane voltage range, the anmount of
energy to performboth the function of voltage drop
restraint and the function of regenerative power
absor ption becones |ow as conpared to the anmount of
energy in the fully charged state and the anount of
energy in the mninmally charged state, so that the
systemis unable to performboth functions
satisfactorily. [0019] Therefore, in order to secure

the armuipt 9fis €@ HR] Gb S O8s SO HY sgféiéﬂh%gd!&%ﬁwer

functions of voltage drop restraint and regenerative

powssteatzape @pparatus andnatasssgs tthea nosase t he
nunber of parallel units of the electric double |ayer
capd®O0AO0hnd Imeress kg inkdreasmiths papPe dupfent

to abaladlaltibas ¢Refay. oo B P oRR IR A BrgPlov"a dual
thi ssf Sidvii ovel P S PRrsth@cspéd el stheade ggﬂ?rhaving a
storage apparatus and increases the cost. [ 0020] In

or ddiower itenneasal viedtageu(star dbyheaoded gie 3 dlear gee function of
system

ener it ossi bl e, to enp|/ oy a dua .
i nc|‘%ftﬁ§% CfﬁOF%trea‘»érﬁwer aQtJo@aéﬁ‘:Qrﬁi dfaPiawes storage unit

undi2 s g d Wigher BeEmT AL B At b Ronof
povweregé nergeiwigoweavabgoxpltigher Hewehea, Melst 8@l system

for the function of regenerative power absorption.
HowdP&ireasfs theasizy aifethe siystameandhhdéhs Losdt the

)t BRI G 700 S SE B D e mecium,
L) SucReseI SIEBLI UBBUN 19y o RSN, i the ully
unahtfeargedbstate r Ehensyateémes pfnehe @pbdve-mentioned 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.

f0022] 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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the regeneration failure occurs when an electric
vehicle perforns a regenerating operation. Therefore,
there arises a need for providing a resistor device
for absorbing regenerative power. Mreover, the power
storage nedium renmains in the fully charged state
until some vehicle starts a power running operation.
Therefore, if the regenerative operation is

conti nued, the regeneration failure occurs

consgger i tivel @B%?ér ldbd&rpFiotPaefd teof 8?&%%@%&@
invenTion to provide a direct-current power storage
appaegreatioysfaitureui t abl e for increasing a sum of

an anount of power supply to an external |ine and an

amo (B0 38 bowdCcesbing: §oathecprpserd inyention, to solve the

conventional syste w t.hout _i ncreasi t he ize and

cos POV eHDSTHBNE RNl Bonet LT BrioeuEiRaF HQwe! storage
and oy £r FRES 7! §?E;'tén’ﬁ C IS EsPRSEE P E dOnVEBPEOVESuch as
the "function of the external [1ne voltage drop

r eser at@p-apdand ttepgdoavatcheppaercahs@aqeicdbheaetvdeen an
to prevent the regeneration failure. E%OZS Accordin

to Ex&esnAine atenai BRWEL starageq peedium such as d
aboysa fEALT AR IR AR %o fo HiHEECt VWP YD PRIl line

storagé  appara system conprises a

COﬂWIt@ge Becloraes Bighep-thaAngn st ppetomicheprerated
connected between an external |line and a power

st ovajtagedrangsuoh the axtanrst line baususe fkan increases

capail 0k e XU AN YA gl 7 2, 0h 1835 558 Hpard @ no-

0o DASPYDREASE of B0 BERTIEE Y I HIGRER S S upper
limit, the apparatus 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 vehicle. As the measures
against voltage drop, when the external iine 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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| oad voltage of a rectifier which is higher than the

upper |limt, the apparatus nmakes a chargi ng

conduction path and thereby charges the power storage
mediumto the rectifier's no-load voltage. As the
measures for regenerative power absorption, when the
external line voltage (the voltage at a term nal
connecting the chopper wth the external |ine)

beconmes hi gher than the upper limt, the apparatus
makes of BErARBAVORBGRIT tReCBURR BRorAGPMELRIAYCand
medi um to absorb regenerated power of a egenerat i ng
vehithleeetsy Htddehtingi egtenmadyindhapltbige aiathedwaplr limit.
poi nt voltage of the regenerating vehicle increases,

t he A &HAEGE- Py enent PAWErr skRr#gatdBRaraitLg er s¥stem has
the el e i.c .vehicle b tilizing the regenerative
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external I7ne voltage becone |lower than a |
of wloenpai 2els \eldEgke compeartEr thebextennacteidhbetvween a
appar at us enabl es a dj schar fromthe power storage

redPSWEE S1Rrase oPeal UM e aR Bxtesnalgingecldpalc/de
o oty Sts, K80 BPRE ofEB R kerkaitrr ‘Shtrotting

termna orage

t hemeby pbitssébe caxter Atdkbi dendldtpge ednheetionehetween
limt. The direct-current power storage apparatus or

systb@ pxgernné linel andntheopewarcstonageoozagiym ta charge

di rect-,current pgwer_ stora apparatus. conprises a

del 8 direentae HiF mowsmeto ERSEcMedin® g8 an external

oV B B ARG 1128 A pIR s pf 2 rated

meanvolbageecange b6 thek e xiarhetl line,candetdi brebktaeen
discharging path from the power storage medium to the
external fine when the external line voltage becomes lower
than th.e 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 iower 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 iower than the lower limit and the terminal
voltage of the power storage medium is lower than the
external line voltage.
[0025] (2) When the upper limit voitage is exceeded by

absorption of regenerative power from an electric vehicle,
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the external |ine and the power storage nmediumto
charge or discharge the power storage nedi um when an
external |ine voltage becones hi gher than an upper
limt of a rated voltage range of the external Iine,
and to break a discharging path fromthe power
storage nediumto the external |ine when the externa
line voltage becones | ower than the upper limt; and
a voltage drop restraining neans or section to

di sehag Q:?llet RS RO I?ﬁ@r\"?SPcdr'ggiiH@r%%‘%§ t%'&%nd uction

external 17 ne while decreasi a termna ['tage 0O

t he betavee nstive qeewmdstoragenn édiet emdlthd rternal line,
vol tage beconmes |lower than a lower Iimt of the rated

vol thgeregeqeradivehpowmar coaltrollisgamieans oerseation

vol ta of th wer . storage nedi i s _higher .than .
{he TEREERINT ThiehEeLminadvOrtage of BhecRaWR' Sterasiemedium
to rgq%i | .1 ine whil

isnc:tgggi!ng IE@%’%ﬂ'ﬁ%’ﬁ v%leﬁ;"téérg? ?h@%‘gﬂv\grrﬁs\(%lrtg e of the

meditemmvimet] VOEtaye dnnabolpenaatioht adeh dacyesekavhre current
than the lower |limt and the termnal voltage of the

powsd U &F idyk aRel akicins of Awie geaarakie Surdeidl spiugezing

vol +: 1 00 2 n_th er limt voltage is

excigg@&'%g glglb'ggr %i‘%’%ﬁ'%f"?'&ﬁ@ erative power from an

el ec[tamzecﬁhl §39 theldcpA€ ddRvertEF B nhkeeesMHE AWaernal

i ncreases by conduction between the power storage

medil ume @mid thie pawenastdriage miedi uragimer aldloagbséate of
restrains the term na

vol theeeaterial Jng: Aty e (e 465t e R Wssrorage

oS SR Unk I MR DRSEREof M pEIMEPRtorage

squenzidigmpeathes diha loadeveltd geeof & reatifier.

Squ?%ﬁ%%] (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 voitage,
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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function of the electric vehicle. [0026] (3) the dc/dc
converter connects the external I|ine and the power
storage nediumin a no-load state of the externa
line, and thereby charges the power storage nedium
until the term nal voltage of the power storage
medi um reaches a no | oad voltage of a rectifier.

[0027] (4) The dc/dc converter includes neans or a
devi ce whi ch charges the power storage nmediumfromthe

vol ¢ et i A SETIGER SheEer JhEl Uk fraioh voitage
ext gi@al atmen¥RldROE.a s idOhHe dtbs RSt SWeL which is
external line voltage if the termnal voltage is

hi glaeraniged tiheaedire@atadnl ineomtirtcdge, chahging haurrent flowing

external |line voltage.is higher than o gual to . the
| owbFOM fhe exterpalding 98 t\ﬁ’db’cnhaf@%'r‘-bﬁ’ew%st?]é:'rﬂ end

t ' t L | g

- BolfhectEltafth fhel BSBPHE! (108 24D, IPELUELIL ghieana ar
ranggtip8eadle! (dlodd e dcéFanereds igranficledef|&l to the

di scharge control switch to control or cut off a

di sSkanigagdantoerswitatorh We gfotiee Bigh ageltage $ideoarm, a
th t | 1 wh the t i nal | t the .

powP e ERge SIS KGNS, RaneleEduhar Twiih SW2
vol tagfch [ig%@ﬁjrﬂgﬁdmﬁ tAe H?fé@ﬂ?‘?{ b?ftrFé’f%hﬁgé nductor
main clrcult [ conprises: -12 a step-up an

st epwideh SWppand adtigth g cormgbtedl imgeriesdwitgy the
i ncludi ng,a sem conductor, switch SWL which js

ar r &6&q LRI PF 586 BRM EUVAUEEPT HW HaITY lournéhen

oM g o0 ARy SR bR L b B o e

secermendndattornswitch 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 S connected
between the second reactor end of reactor L and the
before-mentioned power storage medium. The discharge
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antiparall el diode D1 connected in anti-parallel to
the sem conductor switch SWL of the high voltage side
arm a |ow voltage side armincluding a sem conduct or
switch SW which is arranged in the direction of the
sem conductor switch SW and which is connected in
series wwth 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

oo on Rl R OCi TR STo L SRR or switch

sec8w 3end; opiethiedizs tar genteol Godisehaehel oakrpdhbofram the
senm conductor swi tch SWB connected between the second

endpewenstarege snediuna; ard ppied nSiparajte hedode &hi

cur EON et dpeaplliearBUeh B0 Ehfcer BHE OB F Switch sws.
t el o i o | el

e Lo B a8t SERP! IR ot eape 50! fintBions to

Car cypintgoDth e séepbnupniodtag £083d] tiré Gtelp stows violtage of

circuit diagra a direct- current power storage .
apphhst Ggoﬁﬂ%ry t-er1REEOV@MgCeBLr @he Ndbifengtigns to

1 ceBTErET s Pt c g BelBt s o fi ine SENHER PN/ cutorr
E: g(oﬁ/otﬁﬁj idfetf8edpidiatde Womtral Switde ol reddtrel unit 10

1 additionally incl'udes a discharge control
swi petrforouhnaotiods beniseh aperatiocosd aseavepticenedopelow in

oo BN M S8 000 TRl AE SRR 28 ane

O FATECRSEL PO SRl YA AT} L oA pore 10 1

medpurmvided avithnthediclldwindi odatE8l means.
[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 voitage range
whose upper limit is higher than or equal to 2 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 measurés for regenerative power
absorption and the measures for regeneration failure
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connected in antiparallel to the sem conductor swtch
SWB. [0031] A control unit or control device 10
functions to control the step up voltage and the step
down voltage of the chopper 7. Mreover, control unit
10 functions to control the swi tching operation and

t he conduction/cutoff (on/off) of the discharge
control switch 9. Control unit 10 perforns various
control operations as nentioned below in accordance

' t ' t i
detEréWér&‘i‘én"g} tﬂﬁgég%@ GARH A& PNSWAREN t{rgéie;‘ﬁﬁ‘ernal line

ction sign control unrt

pr ovicdtalg e bbcbh@etolhlg)h\engzlmmtmm ur.qaes hrhﬂﬂaajltbge of the
t he sEemflcatlon and drawi ngs of this applicatio
"extaF@dl voltage irangegdhe .swttéhneﬁd&v&tlu AR SW3 are turned

subdred (14 The PoRfThr e sEate) SouboBnée 3ig BXternal line
St OLRGF tRRPAI&E e é‘ouftfféc'iaﬂ,(éie:L c‘é@aaé‘i@owﬁhheﬂﬁie%b? to
and a trolley wre. [0033] () enpl oyed doubl e

| ayer usEpéhiet doubdealaylenid@paeitar tapmiosoob ttfwlrraye\nerated
char gi ng voltage range whose upper_ limt is hig
)

t haR O¥ CE It NEo CAATEN NSO WS ¢ aYEitihE RIS Wﬁﬁp@'ﬁﬁorptlon
in Eﬁ% §§§ lpnjé\f@npé/ri]ch%lg g%ﬂét'ly‘qeclfl?l""?%hﬁ‘}ea fan electric

el eCtritT ve IC I a e ex

l'i ngeHikte ublt® bay braapeshtpeake oﬁftWEQ@i(t@rn%l Ilne
rectifier's no-load voltage which is higher than the

upp¥oltage: ajndtmneakaseeiffe@rtt\e@eis@rcg‘eregemaé:ﬂctrnwer by

s ERETE)n b g o S B R Ve BEPB3From the

T Ei e e it e

manvethiclen the external |ine

- [0035] When the external line voltage continues to rise
due to this power absorption, 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 voltage 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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vol t age becones hi gher than the upper limt voltage of
the rated voltage range, the switches SWL and SWB are
turned on (into the conductive state) to connect the
external Iine and the electric double |Iayer capacitor
and thereby to cause the double |ayer capacitor to
absorb the regenerated power as the chargi ng power.
Wth this power absorption, the system prevents the
regeneration failure of an electric vehicle due to an

abrﬁ‘@‘/ei’fn(ééﬁéiﬂd%f id g?fgre‘cﬂ%lr}Eh%ﬁgﬁ&eﬁ'@%‘?’liﬁ‘-@dvoltage. By

makes” e Ivé uSe OrT “regenera

di s¢hig switdHingeamtbel dfegensicdindaceoersvifdoBWE, the
el ectric double layer capacitor to a power runnin

el esyistemvpartens] a0se|tagerdeaecaseccontrol he decrease the
| conti to [ to thi .
nosSERm G vRLEgetal B Enel ey RO uRIB Ve  Famagitor, and
of f1ecAABeR LA¥CHoEANRCIVEr 55&0@%‘6?&?"&1 the"8xternal
voltage so~”as to prevent an | ncrease beyon a nmaxi num

vol fage., By tlepgisthargaifron tlegeri@arivddowbra ¢ayer
squeezi ng operation by a reginerative current )
squédhargteiindheosystean kokds the eothierinal line: Helkage higher

cansbas S SR LR N e A RO UATEEG f ot iRy v 8EeBovoitage
conraplg@ioft PiteCbREEFHE! YRIE USILARN | PuFtH ErSicHieE. when the

[0036] (c) The direct-current power storage apparatus
or ¢gsneindlnpbétepe sof hbenebactrie dgaibiet |2y enlcegpmecitor

dro in the follown nner. Wien the external |ine

vol PEFOMES dae Ehan ERgnSKkETNaldinei voltags hyhis

the 4 I , t , | .
SondISERRroL! A SRR, PUts FHE SEMICBIAEréL Syiteh SW3
9 i toaaswbhchongrotahbitel (toelecomdulativergtanal) sl agatrols

of ttrl']1ee gle%:itcrci)r?dg%%glreswitch 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
voitage 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
volitage is higher than a preset voltage, 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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-15 layer capacitor is higher than the external |ine
voltage. By this switching control of sem conductor
switch SWB, the systemperforns a voltage decrease |
control to decrease the termnal voltage of the

el ectric double | ayer capacitor, and discharges the

doubl e | ayer capacitor toward the external |ine. By
the discharge fromthe electric double |ayer
capacitor, the system holds the external |ine vol tage

2%l O R BV 14 o Wy

|ne voFtage

Fu”d”aﬂ‘imljl%phhﬁﬁlﬁh@oltég@ nallowadt aB@rofort Bqual to DC
el ectric doubl e | ayer capacitor becones |ower than

t he 1@ @Wpaanti tee \axjuagzebyataiis ediusdhto d, (thleesqueeze
t th duct tch SWB
oy oA REE b5 TGRS e, reiﬁ“@ﬂﬁyggﬁ@mmrr& ¥oltage is
t 7
SolHERUCERGnoBF €quAtPLDCOBBRY T BBEWEen 1600V and

contI®DOVstiiesplice¥8 pate 3¥2detheasest eo zendiliwearly in
the discharge fromthe double |ayer capacitor while

per TSIORGILIOR b@ltﬂ’@yolﬁagéasé'lterﬁ\r%te% restreite thige
term_nal vol t.age of t ctr c do I | a

e atiiY cufbeptin BT il verddiS an8cHanical brake
vol tape n a i Rt

vol tage 'g?gtrﬁjt;erélgl?e \E/(I)(F’ﬁ ggntregﬁggagfb%egx%rtnhgs squeezing

I'i neeon{rad 3o tﬂil&eregeematgvefcmhleembgenerat ive

current is the  fu on provided n existing electric
vehil@@38] h (e 'ﬁcﬁ[ﬂj wingnils detaild exrlapg@gion on concrete

C‘;ﬂ:‘% i %} m}%ﬁ%@?g&?‘g%ﬁ%ﬁg\fﬁ%g ;%gBlng'cﬁ%ftr‘fe 1500V

t hasyastirAskir thet pveastibessint emita /geedzep réstraint, the
regenerative current from 100%to 0% and thereby

pr emm@q@%f@égﬁg@nemté@@wetrhébré@mtgmapa}nd the
measures for regeneration 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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poi nt voltage. In general, in the case of electric
vehicles of DC 1500 V system as shown in FIG 2, a
squeeze rate is -16 equal to 1.0 (a squeeze quantity
is 0% when the pantograph 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
pant ograph point voltage is higher than or equal to
DC 1800V. Between 1600V and 1800V, the squeeze rate

i s qerogaspd tNoERIF |dA836pErbRio®! OPWHEANahOldEtric vehicle

vol tage. e systemrestrains the regenerative
curismpenatadsimnvdhe poeverchemitey rocale, andb dhiss external
surpl us braki ng energy produced by this squeezing

conti \ltage Defaes 19waluEpam thpomselifigre no load

exani5885 LA ARV ) oFnE EpBETb I BB B Fins o paratiel to
150Q@We F¥adeAy’ AfomhPeBERieY & ERE YOWSAISUPPY from the

restraint, thé neasures for regenerative power
abs@lpctoic diod blieelayensuapacitar bygeinerani conted! wfe

SRR el e B LR A e
(2o A ) (pRde 1 HFOOLLEHET L) VO

subsiz a citoirsa BE ih68Q\i libireu max Howre o bar aiawtnall Lage 10
of the electric double |ayer capacitor EDLC is DC
1806vrnsoefbthexyisehasae epatael switchnBrwhenitha@xternal

o[ oA BUNEE 8 EhED TSV, S50 M arlst than or

el 30c1500W) STPRereage ekl CRSKEOBYS Morering

t hareneogy, ist sepeliEd rarly from the rectifier 6 within 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 voltage 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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doubl e | ayer capacitor is charged fromthe rectifier 6
of the feeding substation until the charging voltage
reaches the no |oad voltage (1620V) of the rectifier
6. -17 [0041] Norrmal | oad operation: Wen an electric
vehicle 1is operated in the power running node, and
the external |[|ine voltage becones | ower than the
rectifier no load voltage (1620V), the control unit
10 perforns, in parallel to the feeding from

[ €Cf b 6, e I '
HokPRFa]C, BIREIEh ARG optBUOR pitRHe Fagenerated
congpWen Wt te Eieicterc Mehieke ptha ternenal velimgaraf

the term nal voltage of the electric double |ayer

Capﬂlﬂﬁtﬂc aieubte dgyiar ﬁap@lﬁlt%\ﬁ-ﬁbﬁ iRoreaseSuAnd the

t the di t h 9 wh

ext BRREPITRT RRIREYE AR s thBvE kAR EBIY ingreases
Eggﬁ;@éﬁﬁéi’ OWLtﬁqt'ﬁistlﬁci‘%QQ@of?Pfé d%@o Faphh| é,nt

e powering energy Is supplie from

recypfiezge b thvet iactiie vahécle anakhvgtes atrhge sm;‘uedaemg
external line. [0042] (4) Measures for regenerative
powk NaHSaY pan de&f@arﬁe%%lih@sresm%r@g atHERENt. If the

ext P REMERYEVS (PRerdtih of fad dtesl Mehicle bRs (the rise
povgf the ¥k tRlrAG iiAevobitdge @ndstdAd @Piéeéﬁ@érhanfhne

vol t age becones hi gher than the upper limt \/2)
of vbbtage adicontasgs tcawge'dothEhEOebaéd namltlalgfe(le' 0) of the

o 12 8 AT e TS, A i
d d
ggm@gﬁéé el IEEF’ %eﬂg&éﬂ@ Iéﬁf‘%a?‘%&ﬂ%r EDLC decreases

Sl nce
t er gpoaltard daghy dy ¢hecom contooblcf Bemrcmdacntoorsmtch

EDL%\AI% Ea)le?:%uls(seo%\i/: sfjgﬁ g%%ttoenmas to keep volitage 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
setties 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 paraliel, 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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causes the charging current to flow fromthe externa
line to electric double |ayer capacitor EDLC by the
on control of sem conductor switch SW, and thereby
absorbs the regenerated power by this charging
operation. -18 i y [0043] By this charging operation
wWith the regenerated power of the electric vehicle,
the term nal voltage of electric double |ayer

capaci tor EDLC i ncreases, and the pantograph point

VO'gqﬁtsg_oqf) Jretipt adtd o WiRhgle rbRY e aTethe togrEheal line, the

W t i's 1ncrease of the pantograph point voltage, _
t heceheco) univehd cd o pe ttheadéschaegingeepiergtion of electric
function, and decreases the re enerativF cur

AR
t hed opgjenka e T v@ Raeitari BR L6 Bndhe of rqftn{fg}itefléhe

ends_(t. ' f .t e nal—\L L ne .V :
FnoSe A g RS TAR T YR I Fokeives
| oagh ¥ohbagsr %ht?%ﬂ)y Bhiy"GorheeétfifRss 6as shown by a

curve Ain FIG '3), the'termnal voltage of electric )
doup0@4 Byjer Wibeoi the EDjendratiagespespbiammafotibeyelectric
by the on control of sen conductor, s

. Y@tcp _SMbeefa%ie
of ¥YBRACIECOsHIRYIaS RBEHTHBI tigDinghiy oA O et SYAC
oh . . : . .
ot ADHHTE Fayel SRRELHBtEDLC headher ik Hgliffum voltage

TheOlBUW?EgtLlr @ birhevimsiapet ¢ Yol Hnd megehebhtivieayerrrent
capaci tor C settles down to the rectifier's n

| oafram thgeetasne)vehiclents KedueRd $0az€PeR Fﬂg.e current
oo e L Bfoudi B8t PRBVE SE gblternal tine
LY EREOA (g mg0g, Rk iy bhyore the usper
vehlichi {1600V) detbe takedo o bage satng, thewsystem
SUpglrie(\e/%gtos tflr}(t?ther increase of the external line voltage by the
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 voitage may increase
temporarily beyond the upper limit (1600V) of the rated
voltage range, but the external line voltage is decreased
finally to a leve! lower than or equai to the rectifier no load
voltage or the rated voltage’s upper limit. Thus, the
terminal voltage of electric double layer 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 iine voltage becomes
lower than the lower limit (1200V)(at an instant t3), the

control unit 10 decreases the terminal voltage of electric
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electric vehicle fromthe rectifier and the electric
doubl e |layer capacitor EDLC in parallel, and the
external line voltage settles down under the upper
limt voltage, by the action of the powering vehicle
(as shown by a curve Bin FIG 3). [0044] Wen the
term nal voltage of electric double |ayer capacitor
EDLC becones | ower than the upper limt -19 (1600V)
of the rated voltage range of the external |ine, the

con LN t : er el i atk
o BBy S U bR B b Bt pRRgLoRyel of the

congealiceind bietosewitehdGwar, sha ttshaSiBciarga@apéecation
vehicle receives the power supply onlé( fromrectifier
6. fraomsglewkmcdeubbgdaren cap aitphtk Bh othrpaigh reactor L

| ectr,jc. hi.cl j , d, t ' .

of ang:fiode Biuorbd LhBreby, BBrt i AVl ErabuFAECin
. I ) , . ) -t

TeaRpaRsR I B R TG TeTEl ) 54 twhen the
r edggedrhal 4am@ Voyltalge derrenirnediudyzithge operation. to
Therefore, though the external |ine voltﬁ e reach
180085 trapot AR VO IIRIR RIrehe tepacievel Hg %Ie% Qf equal to
th t I t - f
| noHRB B P RNE CERROV IR AV s, '35 Shwn by a
r edggii@ncofn tHIG r sgengi@tdomtrairaait 1t steps theddischarge

thereby prevents failure of the regeneration. [0046]
Theoéfalestria dcneb ke dayesscapacicye kd) bEi by tyonerg off

o qBREH ARAUFLPT A CEThe Wi cF RAT GAonEh Bopfegiypgouble

7 FE8F AAFRREH EDLCPIRTBINARBLEr e dpBR8Hon of the

vol segp-up dect stepddown chopper to the 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 voltage remains under
the lower limit voltage (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
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finally to a level |ower than or equal to the
rectifier no load voltage or the rated voltage's
upper limt. Thus, the termnal voltage of electric
doubl e | ayer capacitor EDLC is controlled within the
range of 1600V - 1800V. [0047] (5) Measures agai nst
vol tage drop: Wen, as shown in FIG 3, an electric
vehicle is operated in the power running node, and
the external |ine voltage becones |ower than the

the external |ine vol tage |
uni 1B GEC AEABER I ACS Uine MtAE (e08p Shoy b 2

doulgiuevieayeincep@aci3 pr tieBlLébhyrehvitimbi ) cleatgek tlie electric
the sem conductor switch SWB, starts a discharging
opefifyble layem capracita ERbLebyathe vallage steanmase

th d_di ode D dth trains., .

. STt B o BB BB A AU i
e 5 oL I .

ot s by f et sifn BB AHE Ol BB Aectenas control at the

drogharged Ishadle td ghe0O0tVhan or equal to the | ower

[imt (1200V)(at a tinme instant t4, as shown by a .
cur £0628T H When theovealtags diap: of ¢ sxemal line

dis CLkLC I cj

tur Song BreS EhRChRB TR B Rads R o dBle taver
el eglapacidovbEpLC aertreepdds itioot hEDRE Mivn GhRRG IRE gV €500V)
the operation of the step-up and step-down choppeéer to

t he bwthegdisehasgee(atantimie {astanbwd oythe contratd unit 10
in FLG 3

St ae5oP5 1BBONONFURIBT e (AR WA an ToUg! chgpper 7.
the e nae pofEcirg DeerSUGIRIAFE HectiE venicie
capandor{ aEDh Gibee dmst alndweB ) tdhad thdeetdmrabling Moltage
vol trg%gr&gt tg 5 ilgﬁeil %S&SQE ttoszj'r I%ihgehglgntthraorlu 1200V (at a time
instant t9, as shown by a curve E), the system charges the
electric double layer 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] Thatis, 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 electric double
layer capacitor remains unchanged from that of the system
of the earlier technology, (without the need for increasing

the number of paralle! elements).
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unit 10 turns the sem conductor switch SWB to the on
control state, and the sem conductor switch SW2 of the
step-up and step-down chopper 7 to the sw tching
control node. By so doing, the control unit 10
increases the termnal voltage, continues the

di scharge, and thereby restrains the voltage drop of
the external line voltage in cooperation with the
power supply fromrectifier 6. Wth this discharge,

t he e .
capzrc@? wdﬁé@rgegg‘lessﬁ]aq%t et%%éj'ﬁ&wér%l T T lcionverter 'S
(12Qdhp d/éfm dfhenexsespalipl 4nd gobpadews ¢|¢bppreﬁdah@1 the

a Ievel hi gher than or equal to the lower limt

(12@vahlaygtawcgntmiswmchagel-iamo@veestttasmo(satblg to achieve
time instant t6.. as sho

t he GG F”Jn?ffeﬂ)tscﬁ ?G@J@rﬁﬂet'@néxsm CEmalRKing [ harging
cap 8%5%%#1}; as S 'ttﬁg%ﬁgcée@éﬁﬂgiﬂﬁ]ﬂebl gﬁffg)rent

up/ own choppe own by curve

and frermm tinad ¢Husbeat/@d1t@>ganﬂptaf efoe avabtinlg ahd hharge and
charged state to 1600V. [0049] Wen the voltage dr

of tHsCBargenhetween apemRlestoaAg e Rrediy r$eHCh as EDLC
voIt of el qubl e | ayer capacitor EDLC

dgc %%Eéépﬁngﬁhn1voltage (500V) Dby the

di sqlwo jat %éls"fstémt 6$ttr¢e7)muts'&eaeeatészlarﬁaué 150

st ops the control the step-up and step-down chopper

7. afremgéd tmopwerfourmiting aberrge toisath atge etentmolcto control
nst an he ext ernal

| naRReEGUN Aloy P94 @b neveleedia A0HbE IRvefapacitor

Lo dgP tortst 1 ic VEALAGe OP 7S (HIBH Bidoe Fifge o

capatid extebn@l(lasesirvhebncalsadvstate 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 voitage and
the upper limit voltage of the rated voltage range of the
external line.
[0054] For example, the terminal voitage 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 voltage 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 equatl to the no-ioad
voltage of the rectifier, the system allows the terminal
voltage of the double layer capacitor to decrease
spontaneously while maintaining voitage balance in the

entirety of the external line even if there is no power
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E' in FIG 3). [0050] Thus, the term nal voltage of

el ectric double |ayer capacitor EDLC is controlled in
the range of 500V ti 1600V. [0051] That is, at the
time of the nmeasures for voltage drop restraint, this
system nmekes it possible to charge or discharge the
el ectric double |ayer capacitor EDLC in a w der

vol tage range (500V 1600V) as conpared to a system of
earlier technology, and to significantly increase the

ano iyin ifin PR I I81 Civsah bsestlRtigE| Vs Ithile W tR€&double

drop restraint, even though the capacity of “electric

doulbd gerl aypactlapacondi nuesatod norelsswg dd thencomtinoition of
the system of the earlier technol ogy, (w thout the

need GWEr IRIRASIAGING RPALALEN 4P PREaPraMAe VIS es, the

consater; Pey Bfiss UHE et e EA BT Jaills B Wiliaing the
chopparemtdsyieedhgcRanteof OT t9E SMEdtGhc JiomMRMe!, it

is possible to achieve equivalent effects and

opefQ05:5] by Ienpheyilhystratieat gixampled thehanwgimgtorage
11 GBEANEY (BEARGRS nof | Srbr dRubte @vApEaRRCtor. 1t is
di . : '

and P D S B g R KR T P 8 LS AT GHERaBforsdy

i1l eshpdogngxawithe povaer at@ad de mexdianm thdybrid
charge/ di scharge control to control the term nal
vol LA Etorha épEgercapasiby £apgeitorapasdyor areattery.

 he MBPEBSI ik 15°bhERmST o6l BehPLAY, L b 48h MR ACh

:rrg;l%brgﬁ@&@’rﬂinéhevémaﬁjé‘aﬁséﬂnﬁbr dewryellinghg s¥mMiR®nductor
switch, to prevent chattering of the semiconductor switch.
[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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arranged to control the term nal voltage of the

el ectric double | ayer capacitor between the | ower

limt voltage and the upper limt voltage of the

rated voltage range of the external |ine. [0054] For
exanpl e, the termnal voltage of the electric double

| ayer capacitor is set at an internedi ate val ue

between the lower linmt voltage and upper linmt

voltage. Fromthis state, the systemacts to satisfy

botk [ f I 0 ifi
dr orglgﬁe%f Fg‘ianri ltgﬁg'q;lﬁbel 9‘? uttrﬂ(}'teirf(?r?q ?roe?r?leérg\aéshrggﬁarrECtlfler'
I eggreeratd hempoaas esbaos ponta ne dips ebyereasbenf the terminal
term nal voltage of the electric double _|ayer

capéeltage wfcbnesdaugherlayem capagtar with ibenyalbage

vol tage of .the rectifier,. the system.al.lows the :

! erafEnCe /iy FabeRdiotene T it Xy R lagh Syt even if
deHHASE s SP ”;BQRF@:HEQYV\@*HH:F%.”HE%% i PHevEbERERal voltage
bal ance in the entiréty of the external line even if

t hasethe doymlectayes qapacitgprvebntirruedhien rise by
term nal voltage of the double |ayer capacitor
coriPRaesuthy ¢ e wayeragener alongi A0srasHoBs, tﬁcﬁ/\éNStem can

[CUFREL B OREALIE D 815 LN BRLE A R I of the

em prevents t . regener ati ur e .
t hecuﬁrtéﬁ@rsbslﬁéle@ﬁid_t; hsHir of i dibeteicevietiele.
vehicle. [0055] In the illustrated exanple, the power

st k@GS 8 Jedi burtheroue ait & qessibleolnisdgdficantly
CanTEEise bhd B TRy e AR WAlSpshah BrSLbETEd for
capiot ot o RS, MLOREIIRAIAY ap, Ingrgase of
to fthewide af déaxl syatdm and pneiatrerasaasf vkt agst.
USBrier Bascription of Drawings
[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 squeezihg 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 féilure 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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switch, to prevent chattering of the sem conductor
swtch. [0056] As explained above, the system
according to this invention can absorb regenerative

power when the external |ine voltage exceeds the
upper limt voltage of the rated voltage range, and
restrain a voltage drop when the external |ine

vol t age decreases below the lower Iimt voltage of
the rated voltage range. [0057] Moreover, the power
StOrAYe 2Ppar FEG. BRIES Miew FSWaVe iR B¥die iR0Strating
di scharge "an el ectric double l'ayer capacitor in a

wi deyp @patiage ofatiye peowaretn edgeoaplipa ratyss of PIGE I8
earlier technol ogy, and to absorb regenerative power
t hough the energy storage quantity of the double

| ayer capacitor is equal to or greater than the
quantity in the fully-charged state of the device of
the wearlier technology. Accordingly, the system can
satisfy both the function for voltage drop restraint
and the function for regenerative power absorption.
Whien the term nal voltage of the double |ayer

capaci tor becomes -24 t ¢ , higher than or equal to
the no-load voltage of the rectifier, the system
causes a spontaneous decrease of the term nal voltage
of the double | ayer capacitor with the voltage

bal ance in the whole of the external |ine system even
if there is no powering vehicle. Even if the term na
voltage 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.
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[0058] Furthernore, it is possible to significantly

i ncrease the quantity of power which can be supplied
for the voltage drop restraint, wi thout incurring an
increase of the size of the systemand an increase of
the cost. Brief Description of Drawings [0059] FIG 1
is acircuit diagramshow ng a direct- current power
storage apparatus according to one enbodi ment of the
present invention. [0023] FIG 2 is a graphic view

illustrating a regenerative éﬂé\r@ﬁ“ﬁ squeezi ng
characteristic of an electric e which can be

enpl oyed in the power storage apparatus of FIG 1.
foo2ki P dlirectsCHrieal RPWR sﬁgéag@vap@raf@tm comprising a

I ns _o tora aratu

3 B BRI R BrocohR B AR GERT 8 PERSE siorage
ﬁOf mieRE U 8hB0ad é&'té?ﬁ%lq'iﬁ’@ of 930%15:] eFéﬁﬁlc“ra"’?rl\ﬁray, and
schematic views for illustrating three
pomﬂﬂhnelgetrmmmsgssysterrs of earlier technol ogy.

0026] FI G is acircuit dli'}géam showi ng a direct-

urrent ;ﬂaw/&g%@%rabléfeawgf Bfrein@dneans to make

T L R W
appé}j@\wt@' Qf.oqu@e hedﬂ.ﬁn%' dfra réelor/%ll@‘,'c'lﬁ‘ﬁgé HheeNower

power storage é}opar atus conpri sing
goniar@ge cmB | & O W Biedd atﬁbtﬂhd’@frwlpbwer vgﬁbaggebeeomes

ge Iﬁ%@dﬁﬁg eX e Irlalel | Pr%n?fofaadlgal% C\}cgllt%grearan e of the
10 external line, and to break a discharging path from the

11 power storage medium to the external line when the

12 external line voltage becomes lower than the upper limit;
13 and _

14 a voitage 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 voltage 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

-27-



S a regenerative power controlling nmeans to make s
conductive connection between the external |ine and
the 7 power storage nediumto charge or discharge the
power 8 storage nmedi um when an external |ine voltage
beconmes 9 higher than an upper |limt of a rated

vol tage range of the io0 external line, and to break a
di scharging path fromthe 11 power storage nediumto
the external |line when the 12 external |ine voltage

35?3%@@?)@5 @h?? %@ﬁng;nbo%éﬁlfgéﬁarge %ﬁg&rlc vehicle,

POVEH S EREAER ERFA VM A OVt Halge irxtenBels byneondu eidh
decreasing a term nal voltage of the power stora

sredbefrw elen vithen pdw eexs eo reeg e tnveed ot agel bb@omxgernal line,
|lower than a lower 18 |i rated vo

)
& angre-eowe@ﬁaeémtwmow.%cangmhénglw%P& ieftains the

vol ah hgn
| net SRRl VAREE Gt oE BE W, a3 a8 AP thdevel
#1 ﬁéﬂreagﬁwa”ﬁdowéq@wart@b bhe@xirauml vblteeg@tof ehe terminal
increasing 22 the term nal voltage of the power
%St owa@taagednummmramn 75tbxa el?&meneuraél%lqtarg@nt
becones | awer than .th wer_ | im n e .
10| B3GR A Neho RO, Bf doc st Brd v Salf gt dlgRzing
11 NerGRCRIdRIof ERE ¥RléB9E-vdnfeieThe direct-cur rent
povver storage apparatus as claimed 2 in Caiml1,
wher ei n, when the upper I|mt i s exceeded by -27 3
absorptl on of enerative power froman el ectr

vensol e, hey HRACE el B5R1aF RIWET et/ 4 AP PREPEHS RS Kyl 2imed
<t gﬁﬁéhol?p boellge Hé}ee POYHE a&gaegc‘?oﬁg@rfg}w?hg%ts the

regenerat power contro
freapscteRpldlaing ane fhéer‘w@ stolrhagge noédiben fowarno-load
storage nediumto a |eve
a4 state of the external line, and thereby charges the power
5 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

o

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

3 device which charges the power storage medium from the

4 external line, while decreasing the external line voltage if

5 the terminal voltage is lower than the external line voltage,
6 and while increasing the external line voltage if the

7 terminal voltage is higher than the external line voltage,

g when the external line voltage is higher than or equal to

9 the lower limit of the rated voltage range and the terminal
10 voltage of the power storage medium is lower than or equal
11 to the upper limit of the rated voltage range.
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8 lower than or equal to a maximum vol tage of the
termnal 9 voltage in cooperation with a regenerative
current 1o squeezing operation of a regenerative
current squeezing i function of the electric
vehicle. 1 3. The direct-current power storage
apparatus as clained 2 in Cdaim1 or 2, wherein the
dc/dc converter connects the 3 external |ine and the
power storage nediumin a no-load 4 state of the

iexter natplLi A QNG hEREOYOGIEF 425 bl BYFAratus as claimed

age nedrum un erm nal voltag e power
26 sipgemadi 2m3 eachesywhareihothle vdtidgecavarter includes
rectifier. 1 4. The direct-current power storagfe
jappardischarg e com®! switcltita gontrel @r gutver ai n

4meddc/ dcréfr{]ﬁ/ert er | n I udegPnet Hg"‘gé‘w gﬁh@c%%ﬁau%%o the
e}ﬁﬁﬂﬁ
A LEREEN 1 S hsaigens 18 pover

wolsmmgeWMmi i higbegathag the extermal linaevoltage.
voltage If the 7 terminal voltage is higher than the
external line voltage, 8 when the external I|ine

1 bno Theed Eel-al ot cSHar S radeanpafayis s claimed
2’0' irfg:qaqfn t1hezpoxve'4 %frOSaQWh@?éllﬁnﬂhé d ddravepter

equa 11 to 'thé Upper ITnt of the rated voltage
3 angemp@i®ds a mairl c5rccn1:e\f\d1ncétt:0cmprmspomer

t t I 1, 2,..3 4,
Gher o ahatardp adk.skeardovin hapPeTainetdinde
ontrol swtc 5[t @fs.a%t a?ht tﬁc‘ﬂuﬂﬁﬁﬁhgr gi ng

hfgf
current from he% ower st rage mediumto
ext semicdnaaceberswhiteSwil nehigolisagerahgeltk ipoaedirection

52%8%5{?&“? Eﬁa?b?ﬁércap?gn% r%?o%’ih‘ér H%m tHe external line
g8 and which includes a first end connected with the external
9 line and a second end, and an antiparalie! diode D1

10 connected in anti-paraliel 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-paraliel 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 inciuding 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 dischargihg current from the power
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i 6. The direct-current power storage apparatus as
claimted 2 in Caiml, 2, 3, 4 or 5, wherein the dc/dc
converter 3 conprises a main circuit which conprises:
4 a step-up and step-down chopper including 5 a high
vol tage side armincluding a 6 sem conductor sw tchSW
which is arranged in a direction 7 to control a
charging current flowwng fromthe external line a and
whi ch includes a first end connected with the externa
24 | herage meanemd 8hd aan@raMparhiedrdidde OBogenRected in
i o conneCted in anti-parallel to the sem conductor
25w acttiarallel ta the semizpndiudtonmwited TVidy a
sem conductor 12 switch SW2 which is arranged in the
direction of the 13 sem conductor switch SW and which
is connected in series 14 with the second end of the
sem conductor switch SWL,, and is an antiparalle
di ode D2 connected in anti-parallel to the 16
sem conductor switch SW2, and 17 a reactor including a
first end connected with the 18 second end of the
sem conductor switch SWL and a second 19 end; and 20
a di scharge control switch including a sem conduct or
21 switch SWB connected between the second end of the
22 reactor L and the power storage nedium and arranged
ina 23 direction to control a dischargi ng current
fromthe power -29 24 storage nedium and an
antiparall el diode D3 connected in 25 anti-parall el
to the sem conductor switch SWB. -30
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