PONER SUPPLY- DEVI CE Field of the Invention 5The present invention relates
to an power supply device in which miltiple power devices operate in
paraflel and supply Direct Current (DC) power to one or nore | oad devices.
10Background of the Invention Conventionally, there have been known
various types of power supply devices as a power supply device_.in which_ _
mul tiple power devices operate in parallel and supply DC 15power to | oad

devi ces. As an exanple of such a conventional power m ﬂmwmwm me .
power supply device including two power devices in which ou m ﬂmwmw
monot oni cal | y decreases as output current increases is known (Segy . J.

Japanese Patent 20 Application Rsdygcadisan yHbRv248253). In the power suppfy
device, the two power devices have different gradient angles in the output

current-vol tage characteristics. That is, when the output ﬂm

by the sane Ermﬁg Eﬁatg agunt of change in the output vol tgmm“m“m““m m
devi ce 25is °Fn the output voltage of the oth @&*pomer
device. T e -

5 The present invention relates to an power supply
device in which multiple power devices operate in parallel
and supply Direct Current (DC) power to one or more load

devices.

10 Background of the Invention

Conventionally, there have been known various types of
power supply devices as a power supply device in which
multiple power devices operate in parallel and supply DC

15 power to load devices.

As an example of such a conventional power supply
device, a power supply device including two power devices in
which output voltage monotonically decreases as output
current increases 1is known (see, e.g., Japanese Patent

20 Application Publication H10-248253). In the power supply
device, the two power devices have different gradient angles
in the output current-voltage characteristics. That 1is,
when the output current changes by the same amount, an
amount of change in the output voltage of one power device

25 is different from that in the output voltage of the other

power device.



In the above-descri bed power supply device, each of the power devices is
,stabilized at a point where its output current-voltage characteristic is
bal anced with the |oad current, i.e., current supplied to the | oad devi ces.
5 Therefore, a current and voltage outputted from each of the power device
depend on the total anount of current (i.e., load current) consuned in the
| oad devi ces. Thus, in the power supply device in which the gradient
angl es of the output current-voltage characteristics of the 10 two power
devices are different fromeach other, the output voltage of each of the
power devices, i.e., the voltage supplied to the | oad devices, varies on

the magni tude of the d;pad syrEeMsctind® Fbddi culibply HRRky a siabl e
voltage to the | oad devices. For exanple, when the output current of 15

each power deké cgowsr chanigssh tics astdesilrieddcatr entpotatughenet hespowepusuppl y
device, it is necessary to horizontally nove both the out put

current - vol t Gger eHarEtttedest FRITJFLe RS tifo ponera feidedesvsbh adieo ABRAt ai n

th | t lied to the | gad devi t. t ant | t bef d
e vol.20% sipplied, o 41 L8R 06Y! Sppted SRSt AL VaALS Bt gte.

conpl i caf ed. Thereford N Préefrdt Rl &SUGRPRRLEML 8 POVRT c8HRPLY €BYi Ce
is considerable in which one of nmultiple power devices that operate in

paral l el is poder demstantiepehfiage ddwmt rmdtadnda@Sirte of hensrane ymnder,
gradi ent control where DC voltage as output voltage nonotonically decreases
as output cutPeAtCUTTRftdaseRsIASEhis pBReloxUsRYE Eévi ce, the gradient-

Thus, in the power supply device in which the gradient

angles of the output current-voltage characteristics of the

10 two power devices are different from each other, the output
voltage of each of the power devices, 1.e., the voltage
supplied to the load devices, varies on the magnitude of the
load current. It is difficult to supply a stable voltage to
the load devices. For example, when the output current of

15 each power device is changed to a desired current wvalue in
the power supply device, it 1is necessary to horizontally
move both the output current-voltage characteristics of the
two power devices so as to maintain the voltage supplied to
the load devices at a constant voltage before and after

20 changing the output current, which makes the configuration
complicated.

In order to solve such problem, a power supply device
is considerable in which one of multiple power devices that
operate in parallel is under constant voltage control and

25 the others are under gradient control where DC voltage as

output voltage monotonically decreases as output current



controll ed power device outputs current to one or nore | oad devices based
on the output voltage of the gradient- controlled power device aligned with
the output voltage 5 (reference voltage) of the constant

vol t age-control | ed power device. In this case, a current
corresponding to a deficiency in the load current is outputted to the |oad
devices fromthe constant voltage-controlled power device. Accordingly, 10
in this power supply device, even when the |oad current changes sonmewhat,
the supply of power to the | oad devices can be stably performed while the
vol tage supplied to the |oad devices, i.e., the output voltage of a

constant vol {gges£ay rol lgd powar gevéee duppagnshant &y, Meiny aghgdiedd- 1N
the neantine, there is a case where a fuel cell is used as a power source

that i s connectehiled wowstevdee cetgeser cbedenbove. oha bhi sotasépadhen a
DC power supplied to the load devices fromthe fuel cell increases, a power
suppl i ed froRFE EHTMERRSSS - POwerl8ouPEEPRbwerCHRae AUsi r§a IH529EBRNEr ¢i al
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current (AC) System can creased. ( so0, environment | oad tan be
reduced.s (refdfeddd ROWRIgeQEBEN @8hE0BoHSE MG thel iR - eekho1hydr pgeari s

used in generation and the hydrogen is produced fromthe 25town gas by a
refornmer. Thdeyi¢e. order to change an amount of the power generated, it
needs to perform a mechani cal , o
In this case, a current corresponding to a deficiency
in the load current is outputted to the load devices from
the constant voltage-controlled power device. Accordingly,

10 in this power supply device, even when the 1load current
changes somewhat, the supply of power to the load devices
can be stably performed while the voltage supplied to the
load devices, i.e., the output wvoltage of a constant
voltage-controlled power device is constantly maintained.

15 In the meantime, there is a case where a fuel cell is
used as a power source that is connected to the power device
described above. In this case, when a DC power supplied to
the load devices from the fuel cell increases, a power
supplied from a commercial-power-source power device using a

20 commercial power source as an input power source, 1.e., a
power from an alternating current (AC) system can be
decreased. By doing so, environment load can be reduced.

As for power generation using the fuel cell, hydrogen
is used in generation and the hydrogen is produced from the

25 town gas by a reformer. Thus, in order to change an amount

of the power generated, it needs to perform a mechanical



control such as adjustnent of an anobunt of the town gas supplied to the
reformer. There is a problemthat a response to increase and decrease in
the load current is lower in the power generation using the fuel cell than
in 5the commercial power source. Furt hernore, when the | oad current
has changed abruptly, the fuel cell operates to follow up the abrupt change
in the load current, which |l eads to the problemof reduction in the
durability of the fuel cells. For exanple, 10 when the output of the fuel
cell s decreases abruptly, supply of the gas becones excessive in the fuel
cell and, accordingly, a generated voltage of the fuel cell increases.

Then, the w thstandi BA-NOlA0e PIARRHY Of aneiRhane $Or chBe ddigl ,g@él i's
deteriorated by the excessive voltage and 15 therefore the durabilify of
the fuel celésppkigeducedthén tdmidrer hartkreshés the muihduim oththe & uel
cell increases abruptly, reaction in the fuel cell does not follow up the
out put, whi chefRERI®alCt dTFEgasei M il AR ab? | £F§ dPAheCY iR tcel . 20
Summary of the lnventign In view of the above, . the present_.invention
orovi dos a pOTET siBplyCABIVEE SRUTERE BR SRAOEN S CoHAIT: i s LB

25suppl ied tena domskdavdicedkeenautyel -cell power device using a fue

cell, and reducing environnental |oad. I n accordance with an aspect
of the present invemthenmotéier ewhsnpr avieded adpowenrsaipgpl yhaevi ckanged
i ncluding: a fuel-cell power device which supplies a_direct current (DC)

power to one?BFURiphe | A% dEdilc&Sldsi tRETAES gE‘PI §0440Un YPnpifte abrupt

change in the load current, which leads to the problem of
reduction in the durability of the fuel cells. For example,
10 when the output of the fuel cells decreases abruptly, supply
of the gas Dbecomes excessive 1in the fuel <cell and,
accordingly, a generated voltage of the fuel cell increases.
Then, the withstanding voltage property of a membrane for
the fuel cell is deteriorated by the excessive voltage and
15 therefore the durability of the fuel cells is reduced. On
the other hand, when the output of the fuel cell increases
abruptly, reaction in the fuel cell does not follow up the

output, which may lead to reduction in the durability of the

fuel cell.
20
Summary of the Invention
In view of ﬁhe above, the présent invention provides a
power supply device capable of smoothly changing a DC power
25 supplied to a load device from a fuel-cell power device

using a fuel cell, and reducing environmental load.



5 source; and a control unit which controls an output fromthe fuel-cel
_power device, wherein, when a |oad current supplied to the |oad device is
changed, an output characteristic of the fuel-cell power device is shifted
so that a rate of change in an output current of the fuel-cell 10power

devi ce becones | ower than a preset val ue. Further, the power supply
device includes: a load current detection unit which detects a current
value of the load current; and a determ nation unit which determ nes

whet her or the |oad current detected by the |oad current 15 detection unit
is changed. Furthernore, the fuel-cell power device includes an adjustnent
unit for shiftingrhhg-eulashcENR ACtHL | Sdd&t QB 83RNYRGALI €habheNoRet ween
an out put current and an out put voltage when a power 'is supplied to the

| oad devi cesthéhe outguitvicledr acbewest sepky nipval 20 iokanddchet ist i cfualwhi ch
t he out put vol tage nonotonically decreases as the output current increases,
the out put veRthgeOMRs eV CECWiarRagerPPraies 3 fAiRetd&tuerfitatPen BAVET
determ nes that the | oad curren Es cgqggedinthg CE”E&%HQ”QJ Sets a,

fol  owup per? od*FoP wHiFT a 74t edoY 1 Change 9 25Ehe SatSut™cut entP of the
fuel -celd powskr&eviLe hecorRs ohowal £t haN-hk heotesal aralxepshi Etshheaut put
characteristic of the fuel-cell power device by controlling the adjustnent
unit, and cofitebisellhe maneput davirent ofhetrkenf uewherl | apowesrddeviiceend
follow up the load current during the followup period after the | oad
current is cHaPREEEA 5 t@refBRabllPadt helSowsr siibpl FRRAATe Pt heRtPut

| ncludes: a coMRLClAls %‘S’ecif' SO C?ugfy\%énldld%c%\%%t ‘é‘é‘%&%:c,é’sf an £POLET g al

I
power source as an I nput ower source, voltage as a

constant vol tRge, ar eges dbessniga IRAHH taige el dhiecaut put tedr FaBl -cuherein
the control unit 10 operates the commerci al - power-source power device and

t he fuelG cel popometediend dedomegal aveel thamc qoresed] yagueurrent val ue of the

out put current of the fuel-cell power device when the, output voltage of the
fuel -cel | power dEWEBSFs cihcPR¥ETw FPRHE GRVPGE vERTHHEDF Pheload

ConnerCial'p8&§£éné5@é%gé§%dﬁmﬁﬂiéﬁ%ﬂfgﬁ detects a current value of the

load current; and a determination wunit which determines
whether or the lcad current detected by the load current

15 detection unit is changed. Furthermore, the fuel-cell power
device includes an adjustment unit for shifting the output
characteristic representing a relation between an output
current and an output voltage when a power is supplied to

the load devices, the output characteristic Dbeing a

20 characteristic in which the output voltage monotonically
decreases as the output current increases, the output
voltage being a DC voltage; and, if the determination unit
determines that the load current is changed, the control

unit sets a follow-up period for which a rate of change in

25 the output current of the fuel-cell power device becomes

lower than  the preset value, shifts the output



Wth the above configuration, when the |oad current is changed, the rate of
change in the output current of the fuel-cell power device during the
‘followup period is set to become |ower than the preset value. Accordingly,
the fuel- 20 cell power device which uses the fuel cells as an input power
source can follow up the |oad current by snoothly changi ng the out put
current of the fuel-cell power device even when the | oad current changes
sharply. This prevents durability of the fuel cell fromlowering.
25Further, the |oad current can be supplenented fromthe

commer ci al - power - sour ce power device that uses a commercial pow source as
an input powefis SQW &GS Nt ot heicoutut ceunr eRlveef deheckugl- eghkrponeng
device coincides with the load current. As a result, with the present power
suppl y devi ceheiddjsstpossi hirg tt,0 aswbatdnityoder tespondptid auchamgecf ntbe DC
power supplied to the | oad devices when the | oad current changes and,
finally, redigel 1l bBRPAT AFHER O FAlRY EemidecilaPrdpSHEFre8bufBElpdver

device to the |l o devi ces, _i..e. he po consunpti.on _of system
Consequently?h?hfgthﬁﬁ%bgegﬁeﬁr%E%%ﬁta gfiﬁf‘ ant en§c€Fi8P$€g§§%enses. 10

Furthermpre, W thpt-hecpaBsent chaveBlikonsuppnge deheceuttputnedr Lantug@ést he
fuel-cell power device is gradually changed even when the | oad current

changes sharal y comheropet apdwesr ofoure f updbwerl | desinet afwigpt | ywssrangad,
t her eby suppressing a reduction in the durability of the fuel cells. 15 1In
the power suppifEEEvdice PANKEN SAUERDUMS 0P chARPRE pefOWRY t SUFESn #RE | oad

current det el ed, by 1 e | ool G rent, deLROLIN Jilibols LELELhEdal Ogps,a

rate of change in ent, the control unit sefs | ow up

period to a haggetuddl Y8 aset Rrithake afrchangesidrdiRe treadcsnt¥&nt ugdi s
hi gher . Wth this configuration, the follow ng-up period is set to
be a | drge vaperazss t hber atgnefrcéhdngewen- ster¢adowar r eigviics Hmngh. the
Therefore, an abrupt. change in the outgut current of the fuel-cell gomer

devi ce can beufEIFabt yPPEDT eV S Har ﬁﬁa}%%lfo?Pngﬂﬁgﬁﬁlie?iSHFr Rer eby

" further value of the output current of the fuel-cell power device
when the output voltage of the fuel-cell power device 1is
coincided with the output voltage of the commercial-power-

15 source power device.

With the above configuration, when the load current is
changed, the rate of change in the output current of the
fuel-cell power device during the follow-up period is set to
become lower than the preset wvalue. Accordingly, the fuel-

20 cell power device which uses the fuel cells as an input
power source can follow up the load current by smoothly
changing the output current of the fuel-cell power device
even when the load current changes sharply. This prevents
durability of the fuel cell from lowering.

25 Further, the load current can be supplemented from the

commercial-power-source power device that uses a commercial



suppressing a reduction in the durability of the fuel cells. -7--

.I'n the power supply device, if the determ nation unit determ nes that the

| oad current is changed, the control unit keeps the output current of the
fuel -cell power device constant during a holding period i mediately after
the load 5 current is changed, shifts the output characteristic of the

fuel -cell power device by controlling the adjustnment unit, and controls the
out put current of the fuel-cell power device to follow up the | oad current
during the followup period after the holding period has passed. 10Wth
such configuration, when the load current is changed, the output current of

the fuel - cel}opomesodevtcashangesngix f gblvew e | eadi curent catpet t he
hol d peri od has passed, thereby preventing the output current of the

fuel -cell pomerretevi cé fohem fibeluptdll chawes ndeat ce heodawe debt iwidhastibvde

| oad current_changes. Furt her, the power sqgﬁ%¥ devi ce may ing%ude a
r at eof - changkPdfbt 8VFF $Ralt i onPBinPt TRFICH - détidhn s Her BYYiot SEPPaY e of

change in the.|0ad curientd.s.gqualot on L. b ONeL-1han.a L' eshpldayal

e
the rate of Change in 0a curren erring to an anoun change
per units tingcipohdie d@ash i@y renteiietiesiedehy cbBevwheadeaer Leadl datesht on
unit, wherein, If the rate-of-change determ nation unit determ nes that the
rate of changeanges henfoadicadignt Heslucewethe hantphe hwrashsl Enagl uehet he
control unit shifts the output 25characteristic of the fuel -cell power
device by coPPFBFIS Y PRYSXAFAEF ABNPANTt , IR F T ohPr &€ t uBBULCeor r ent

of the i.e., the power consumption of an AC system. Consequently,

this reduces environmental load and electricity expenses.

10 Furthermore, with the present invention, since the
output current of the fuel-cell power device is gradually
changed even when the load current changes sharply, the
operation of the fuel cell is not abruptly changed, thereby
suppressing a reduction in the durability of the fuel cells.

15 In the power supply device, when an amount of change
per unit time in the load current detected by the load
current detection unit is referred to as a rate of change in
the load current, the control unit sets the follow-up period
to a larger value as the rate of change in the load current

20 is higher.

With this configuration, the following-up period is
set to be a large value as the rate of change in the load
current is high. Therefore, an abrupt change in the output
current of the fuel-cell power device can be reliably

25 prevented during the following-up period, thereby further

suppressing a reduction in the durability of the fuel cells.



-8- fuel-cell power device to follow up the change in the |oad current
during the followup period imediately after the |l oad current is changed;
and, " if the rate-of-change determ nation unit determ nes that the rate of
change in the |load current is equal to or higher than the threshold val ue,
keeps the output current of the fuel-cell power device constant during a
hol ding period i mediately after the load current is changed, shifts the
out put characteristic of the fuel-cell power device by controlling the

adj ustnment unit, 10 and controls the output current of the fuel-cell power
device to follow up the [oad current during the followup period after the

hol di ng period hagpasgedoyer supPydQeRd 80, iieN t@leCQl%%e%lﬁaEEéHUﬂhlEhange
in the |oad current, the output curfent of thé fuel-cell power device

15start to chaﬂgﬁmfmeéhehsan&hblmaxas thErgﬁadualcﬁhan@, atige | roatease of

a abrupt change, the output current of the fuel-cell power device during

t he hol d perP@Htab?%®$l9heT?MﬁPuﬁrP%#ﬁ?QHMQftqh?Iﬂﬂ%& @@ﬂﬂeﬁpwer device

comer ci al - power - sour onst ant, w t.,hout cha SF gPen th | oad
a

ORI (v R R e g R A e Fy 28%0r bed
by the ppwer -dgvige, i @ndhdfedy t e O PUthe output ch;racterlstlc of the

fuel-cell power device by controlling the adjustment unit,
and controls the output current of the fuel-cell power
device to follow up the load current during the follow-up
period after the holding period has passed.

10 With such configuration, when the load current 1is
changed, the output current of the fuel-cell power device
changes to follow up the load current after the hold period
has passed, thereby preventing the output current of the
fuel-cell power device from abruptly changing at the same

15 time as the load current changes.

Further, the power supply device may include a rate-
of-change determination unit which determines whether or not
a rate of change in the load current is equal to or higher
than a threshold wvalue, the rate of change in the load

20 current referring to an amount of change per unit time in
the load current detected by the load current detection unit,
wherein, 1f the rate-of-change determination unit determines
that the rate of change in the load current is lower than
the threshold wvalue, the control unit shifts the output

25 characteristic of the fuel-cell power device by controlling

the adjustment unit, and controls the output current of the



current of the fuel-cell power device is changed to foll ow up the | oad
current. Consequently, it is possible to achieve a power balance with the

| oad” devi ces. 25The control unit may set the follow up period in which the
rate of change in the output current of the fuel-cell power device becones
| ower than the threshold val ue. Thus, the followup period is set in
such a way that the rate of change in the output current of the fuel-cel
power device becones |ower than the threshold value of the 5 rate of
change in the |oad current. Therefore, an abrupt change in the output
current of the fuel-cell power device can be reliably prevented in the

fol I ow up pefiof, cdinerghiyef Wdhiele SUPPEFEEIdWNuY eEiCt Rdndd 1MecHer abhbi ty
of the fuel cell. 10The power supply device may further i1nclude: a | oad
current det ectrosmtundtirivhg chhdetfedfl®owa upurremitody al e difa iy | @Etecurhent

supplied to the | oad device; and a rate-of change determ nation _unjt which
det er mi nes wheter CRFreRE alfat EPBRIRRangBREn t hé | 588 cdAtEnPIishaBEal to

or i gher 15,cLhan adreshal dakplyssntheqral el changs rebercl 0g Lo an

anount of changeé per uni ime "l current detecte oad

current glet ecdd@ncwtitidnt R tR@ENDES, ot hBidher -cedd dawahrdewbca wayukncl ude
an adjustnent unit for shifting the output characteristic representing a

rel ati on 20 kéepswedaheancotpput cumesyt ahd Hre oduplt cedl t svarhededipower

is supplied to the | oad devices, the output characteristic being a
characterist?%n$?FWﬁnQ%F%W%e%nﬁ?ﬁﬂlQﬂﬂﬂ%£i9da§mﬁe§€a§8FYa@EtﬁBnt%n?%%@Iy
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det erm nati on uni
fuel-cell power device by controlling the adjustment unit,

10 and controls the output current of the fuel-cell power
device to follow up the load current during the follow-up
period after the holding period has passed.

By doing so, in a case of a gradual change in the load
current, the output current of the fuel-cell power device

15 start to change at the same time as the gradual change, and
in a case of a abrupt change, the output current of the
fuel-cell power device 1s kept constant without change
during the hold period from when the load current changes
abruptly. Thus, in the case of the abrupt change, a change

20 in the 1load current 1s temporarily absorbed by the
commercial-power-source power device, and then the output
current of the fuel-cell power device 1s changed to follow
up the load current. Consequently, it 1is possible to
achieve a power balance with the load devices.

25 The control unit may set the follow-up period in which

the- rate of change in the output current of the fuel-cell



25determ nes that the rate of change in the load current is equal to or
,larger than the threshold value, the control - 10 - unit sets a follow up
"period so that the rate of change in the output current of the fuel-cel
power device becones | ower than the threshold value, shifts the out put
characteristic of the fuel-cell power device by controlling 5 the

adj ustnment unit, and controls the output current of the fuel-cell power
device to follow up the load current during the followup period after the
| oad current is changed. Furthernore, the power supply device may

i ncl udes a commerci al - power - source power device which uses a comercial 10

power sour Cep@seRMNid IR HROWRESSOULESE, tiald i Pubh e RoPE Vol tage as a
constant voltage regardl ess of a magnitude of the output current, wherein

the control unit Ohesat édet Heldonrepcpalkipdwes- setir da power alevaxetlad t he
fuel -cell power device in parallel, and controls a current value_of the 15

out put curr efie ¥aFﬁeOfu§Pﬁééﬁl1&0%@@(ﬁ§ﬁRﬂ¥VﬁRﬁF@ﬁé dut e furtagelbf the

fuel -cell poes, deyice.d s, SOl Opg, W Uiy 4, OULPULYOLLAGE Of) 1Nee cne
conmmer ci al - p%V\BI’ source power evi ce t SUC conrrguratl on, t he

fol | ow up periwd bs @%nge sech i Wayad habrrahen thigeret & Of Hhamgeuph the
| oad 20 current is equal to or greater than the threshold value, the rate

of change i nchdregoutiputheupneptt ofuthent uef - thel fpehecetbvboeebedeviese | ower
than the threshold value in the foll ow up gerlod Therefore, the | oad
current can %%nf%?|aﬁéaaBbepraY%%&%@|yncﬁ RgifRYLPNeUBUPBELORur ERRFSBY t he

fuel-cell 25powele deyiG6 SMANGMEAEREcho3 GHEN BNLaERANGSSoENERR! Yue1

cell.

10 The power supply device may further include: a 1load
current detection unit which detects a current value of the
load current supplied to the load device; and a rate-of-
change determination unit which determines whether or not a
rate of change in the load current is equal to or higher

15 than a threshold value, the rate of change referring to an
amount of change per unit time in the load current detected
by the load current detection unit. Furthermore, the fuel-
cell power device may include an adjustment unit for
shifting the output characteristic representing a relation

20 between an output current and an output voltage when a power
is supplied to the load devices, the output characteristic
being a characteristic in which the output voltage as a DC
voltage monotonically decreases as the output current
increases; and, if the rate-of-change determination unit

25 determines that the rate of change in the load current is

equal to or larger than the threshold wvalue, the control



Accordingly, since the operation of the fuel cell is not abruptly changed,
it is possible to suppress reduction in the durability of the fuel cells.
"Further, the load current can be supplemented fromthe

commer ci al - power - sour ce power device that uses a commercial 5 power source
as an input power source until the output current of the fuel-cell power
device coincides with the load current. As a result, with the present power
supply device, it is possible to snoothly correspond to a change in DC
power supplied to the | oad devices when the | oad current 10changes.
Furthernore, when the rate of change in the load current is |lower than the

threshol d valug, tdesomt pyi1GHIdeNteRiod N fugle cald Povercdexhgegd sin
i mredi ately changed to follow up the load current. Therefore, it is
possi bl e to dfe Sopppass aniiswrptéONthe tuweloveplt piwarendedic@in bheomes
commer ci al - power - source power device, that is, the power fromthe AC
system therE®¥eF edtEPrRg A r oRPERtPld oad2anE: el SELLLLE t RS pefdBBUL

Preferably, if the rate-.of- e determ.nation unit .20 determnes,that the
ate of Change AT Tdan Suren( 1 Galar FEBo5r CRI4RE: DPhaRERE EhF ashol g
val ue, the copdroh;widedceansid haRutdd oHLr ent 8hichhe tuslegel br poMer
devi ce constant during a holding period imediately after the |oad current

i s changed, fheltselheowmpuievdlvar act aldowe upf thiee 12Bfluehirceht poweng

device by controlling the adjustnent unit, and controls the output current
of the fue|_E@¢|f?k%@w-up period after the load current is changed.

Furthermore, the power supply device may includes a

commercial-power-source power device which uses a commercial

10 power source as an input power source, and outputs a DC

voltage as a constant voltage regardless of a magnitude of

the output current, wherein the control unit operates the

commercial -power-source power device and the fuel-cell power

device in parallel, and controls a current value of the

15 output current of the fuel-cell power device when the output

voltage of the fuel-cell power device is coincided with a
output voltage of the commercial-power-source power device.

With such configuration, the follow-up period is set

in such a way that, when the rate of change in the 1load

20 "current is equal to or greater than the threshold wvalue, the

rate of change in the output current of the fuel-cell power

device becomes lower than the threshold value in the follow-

up period. Therefore, the load current can be followed up

by gradually changing the output current of the fuel-cell

25 power device even when the load current changes sharply.

Accordingly, since the operation of the fuel cell is not



- 12 - device to follow up the load current during the foll ow up period
.after the hol ding period has passed. Wth the above configuration,
the output current of the fuel-cell power device is kept constant during
the hold 5 period fromwhen the | oad current has changed. Therefore, a
change in load current is tenporarily absorbed by the

commer ci al - power - source power device, and then the output current of the
fuel -cell power device is changed to follow up the | oad current, thereby
achi eving power balance with 10the | oad devices. The hol ding period may be
fixed in advance. For exanple, the hold period my be set to be a

predet er m neghMghiie, r anghdds f rom %%”degél'biéccﬁmssﬁﬁb% LeascOforseegnds.
Therefore, the output current of the fuel- 15 cell power device is

prevent ed frohe chargiing tphictethhefoperatiom. of the commerci al - power-source
power device is unstable due to the change in the |oad current and, thus,

t he out put of theFéﬁﬁﬁ§¥C|5Pepb@@§ %Rﬁﬁ%ﬁ?[ﬁWkﬁ*ﬁé%EE@eﬂéééﬁésf§P@bF%e
shortly. As a result

comm weresou e ggmer vCan Eg ﬁrﬁg éed tgmthg g
devi ces. P bRy & Swmth ¢ REVERy S EBtetete? i ned°hdl d°PEFT B4~ t he
out put crrepbyof %%%rEHE|a§e%h.pPMﬁﬁtd%%w6§ Ny, A QﬁthaﬂgﬁQ btpugase
where a |l oad device is used for a nonent (when the | oad device is
tenporarily cseddnt Thér efler efuel-&Aaypowtr i derease ddimdidad onittthethe
fuel -cell power device. ,

locad current. As a result, with the present power supply

device, it 1is possible to smoothly correspond to a change in

DC power supplied to the load devices when the load current

10 changes.

Furthermore, when the rate of change 1in the load
current 1is lower than the threshold wvalue, the output
current of the fuel-cell power device is immediately changed
to follow up the load current. Therefore, it is possible to

15 suppress consumption of the output current from the
commercial -power-source power device, that is, the power
from the AC system, thereby reducing environmental load and
electricity expenses.

Preferably, 1f the rate-of-change determination unit

20 determines that the rate of change in the load current is
equal to or higher than the threshold wvalue, the control
unit keeps the output current of the fuel-cell power device
constant during a holding period immediately after the load
current is changed, shifts the output characteristic of the

25 fuel-cell power device by controlling the adjustment unit,

and controls the output current of the fuel-cell power



This prevents the fuel cell frombeing deteriorated. - 13 -

(Further, the power supply device may include a secondary battery, wherein,
when a current output fromthe comrercial - power-source power device stops
due to reduction in the load current and the output current of the

fuel -cell power device becones higher than the | oad current, the fuel-cel
power device charges the secondary battery with the remaining part of the
out put current of the fuel-cell power device deducted by the output current
of the fuel-cell power device to the |oad devices. 10Wth this
configuration, when the |oad current decreases, the commercial - power-source

power devi cegaeLes dtBglry13bRPSPOUHRUtIAND thereplt r @htingndhnt he coubpulp
current of the fuel-cell power device is higher than the |oad current, the
secondary bap¢eigd st mhardged wiltihng pérpod tham mfssede out put current of the
fuel -cell power device. Therefore, it is possible to prevent the fuel cel
from bei ng det eri Ht&bed Vi FROVRI ROREAPREEEPRL afbPPy BUEHH @UrFRHt Pfom

the fuel cel]l, Brjief cription, Qf. the Draw.ngs 2 . The _pbj ects and
features of P BrEsemtel Mo QT e agsar BRECPPonTERE P oF Fonraes
descri ptd on péresdoghdieRiergittRN lioadCerwiat | BAs Wekdnddte. aeeerBanytNda

drawings: Fig. 1 is a block diagram show ng principal parts of 25an
enbodi nent i pharger danceé oadt hcuheemt esient tiempemtikdhy absorbed by the
commercial -power-source power. device, and then the output
current of the fuel-cell power device is changed to follow
up the load current, thereby achieving power balance with
10 the load devices.

The holding period may be fixed in advance.

For example, the hold period may be set to be a
predetermined wvalue ranging from some miliseconds to some
tens of seconds. Therefore, the output current of the fuel-

15 cell power device 1is prevented from changing while the
operation of the commercial-power-source power device 1is
unstable due to the change in the load current and, thus,
the output of the commercial-power-source power device
becomes stable shortly. As a result, a more stable power

20 can be supplied to the load devices.

Furthermore, with the thus-predetermined hold period,
the output current of the fuel-cell power device may not be
changed in a case where a load device is used for a moment
(when the load device is temporarily used). Therefore, it

25 may not increase the load on the fuel-cell power device.

This prevents the fuel cell from being deteriorated.



- 14 - Fig. 2 is a diagramillustrating configuration of the

.enbodi nent ; Fig. 3is acircuit diagramof a first power device in
the enbodinent; 5Fig. 4 is a circuit diagramof a second power device in
t he enbodi nent; Fig. S5A is a graph show ng output current-voltage

characteristic of the second power device in the enbodinent; Fig. 5Bis a
graph depicting output current-voltage 10characteristic of the first power

device in the enbodi nent; Fig. 5Cis a diagramfor explaining the
out put current of the second power device in a power supply device in
accordance with the enbodi nent; Fig. 6 is a diagram

iI'lustrating oper a{;@Rc0f t@ﬁe15§%989d RawBiydeybeectn hhe empedigent ;
Fig. 7 is a diagramfor explaining shift I'n ¥he out put current- voltage
charact eri st secofiddthe secomdy pomesraiayi cehem 4 heuendrodi ceaput from the
commercial-power-source power device stops due to reduction
in.the load current and the output current of the fuel-cell
5 power device becomes higher than the load current, the fuel-
cell power device charges the secondary battery with the
remaining part of the output current of the fuel-cell power
device deducted by the output current of the fuel-cell power
device to the load devices.

10 With this configuration, when the 1load current
decreases, the commercial -power-source power device
accordingly stops outputting the current, and the output
current of the fuel-cell power device is higher than the
load current, the secondary battery i1s charged with a

15 portion of the output current of the fuel-cell power device.
Therefore, it 1s possible to prevent the fuel cell from
being deteriorated while maintaining constantly output

current from the fuel cell.

Brief Description of the Drawings

20
The objects and features of the present invention will
be apparent from the following description of embodiments
given in conjunction with the accompanying drawings:
Fig. 1 is a block diagram showing principal parts of
25 an embodiment in accordance with the present invention;



Fig. 8 is a flowhart
in accordance with the enbodi nent;

current-vol tage characteristic of an FC converter in the power supply

devi ce;

Fig. 9B is a graph depicting output current-voltage

25characteristic of a first power device in the power supply device; -
Fig. 10A characteristic device; Fig. 10B 5characteristic device; and

Figs. 11A

10

15

20

25

Fig. 2 is a diagram illustrating configuration of the
embodiment ;

Fig. 3 is a circuit diagram of a first power device in
the embodiment;

Fig. 4 is a circuit diagram of a second power device
in the embodiment;

Fig. 5A 1is a graph showing output current-voltage
characteristic of the second power device in the embodiment;

Fig. 5B is a graph depicting output current-voltage
characteristic of the first power device in the embodiment;

Fig. 5C is a diagram for explaining the output current
of the second power device in a power supply device in
accordance with the embodiment;

Fig. 6 1is a diagram illustrating operation of the
second power device in the embodiment;

Fig. 7 is a diagram for explaining shift in the output
current-voltage characteristic of the second power device in
the embodiment;

Fig. 8 1s a flowchart illustrating operation of the
power supply device in accordance with the embodiment;

Fig. 9A 1is a graph showing output current-voltage
characteristic of an FC converter in the power supply
device;

Fig. 9B is a graph depicting output current-voltage
characteristic of a first power device in the power supply

device;

Il lustrating operation of the 20power supply device
Fig. 9A is a graph show ng out put

15 -



operation of the a graph depicting output current-voltage a first power
.device in the power supply and 11B are diagrans for explaining power
supply device. Detailed Description of the Enbodinents 10

Enbodi ments of the present invention will be described in detail below with
reference to the acconpanyi ng drawi ngs which forma part hereof. The sane

reference nunerals will be assigned to the sane or simlar conponents
t hroughout the 15draw ngs, and redundant descriptions thereof will be
omtted. (Enmbodi nent 1) Al t hough the foll ow ng enbodi nents will be

described in which the present invention is applied to a detached house, it
is not limted thergto,;@ndikhe, pyeaght diEMd OButput current-voltage

characteristic of an FC converter in the power supply
device;
Fig. 10B is a graph depicting output current-voltage
5 characteristic of a first power device in the power supply
device; and
Figs. 112 and 11B are diagrams for explaining

operation of the power supply device.

Detailed Description of the Embodiments

10

Embodiments of the present invention will be described
in detail below with reference to the accompanying drawings
which form a part hereof. The same reference numerals will
be assigned to the same or similar components throughout the

15 drawings, and redundant descriptions thereof will be omitted.

(Embodiment 1)

Although the following embodiments will be described
in which the present invention 1is applied to a detached
house, it is not limited thereto, and the present invention

20 may be applied to a collective housing, an office, a
shopping arcade, a factory, and the like.

Referring to Fig. 2, A house H is provided with a DC
power supply unit 101 outputting DC power, and DC devices
(hereinafter, referring to as “load devices”) 102 serving as

25 a load driven by the DC power. The DC power is supplied to



20may be applied to a collective housing, an office, a shopping arcade, a
factory, and the like. Referring to Fig. 2, A house His provided with a DC
powetr supply unit 101 outputting DC power, and DC devices

(hereinafter, referring to as "l oad devices") 102 serving as 25a | oad
driven by the DC power. The DC power is supplied to - 16 - the DC devices
102 via DC supply lines WIc connected to the output termnal of the DC
power supply unit 101. DC breakers 114 nonitoring current flow ng through
the DC supply lines Wic are provi ded between the DC power supply 5 unit 101
and the DC devices 102, and, if an abnormality is detected, the DC breakers

114 1imit orhlogk dhe supplon Q)flapcﬂ@ersJﬂpQ%tlH%eQCWHQV\@BnﬁH@{%a £oi¢nd01 to
t he DC devices 102 on the DC supply lines The DC supply Iines Wic

serves not odhypws Berpawel 16f sup y D neswént salmpd yasuadbmmicat i ohs
| i nes. For exanple, communications becones enabl ed between devices

connect ed t0b¥¢ﬁ¥qy§:s&éﬁlymPFh%%rvw% RIS EHEr i APpOYIRG SEsdini EBEI RS

si gnal incl udi |n ormatjon aon DC volta wi.ith a high yency car ier.
Thi s technol% Lf%?*abg?oaﬁsméFt1ﬁﬁ€ 19 wFFleEj%% nﬁcaﬁloﬁgpp

technol agy ignhi fdﬂl 8. £QNPHAI 6at hePsc8E 9Ngd, | sngUpeti AROSBH-PHa N YOl § age
of a power |ine supplying AC power.
detected, the DC breakers 114 limit or block the supply of
power from the DC power supply unit 101 to the DC devices
102 on the DC supply lines Wdc.
The DC supply lines Wdc serves not only as DC power
10 supply lines but also as communications lines. For example,
communications becomes enabled between devices connected to
the DC supply lines Wdc by superimposing a communications
signal including information on DC wvoltage with a high
frequency carrier. This technology is similar to power-line
15 carrier communications technology in which a communications
signal is superimposed on AC voltage of a power line
supplying AC power.
The DC supply lines Wdc are connected to a home server
116 through the DC power supply unit 101. The home server
20 116 is a main device included in a communications network
deployed within the house (hereinafter, referred to as “home
network”), and communicates with a subsystem including the
DC devices 102 on the home network.
In the illustrated example, the subsystem may be of an

25 information appliance system K101 including DC devices 102

for information system such as a personal computer, a

_. 17 -



The DC supply lines Wic are connected to a home server 116 through the DC
.power supply unit 101. The home server 20 116 is a main device included in
a communi cati ons network deployed within the house (hereinafter, referred
to as "honme network"), and comunicates with a subsystemincluding the DC
devi ces 102 on the hone network. In the illustrated exanple, the
subsystem nmay be of an 25informati on appliance system K101 i ncl udi ng DC

devices 102 for information system such as a personal conputer, a - 17 -

Wi rel ess access point, a router and an I P tel ephone, lighting systens K102
and K105 including DC devices 102 for illum nation system such as |ighting

devices, a fyond1400r syelem KE03ri nchudiage & dgid ces 162 t hatleprspond to
ab wvisitor or nonitor an intruder, and a hone al arm system K104 i ncl udi ng
DC devi ces 10PgHtainal ssramesysstkamzs uchl &9 0& fincéudenhgcDOr defFacas 0102 heor
subsystens is constituted by an independent djstributive system such that

t he respect i vEl WS BEH BpeTuitte FdbpeMdEf | SeVits desEFPBediaBbve,

e o, e i 58, PLPA T TR LSRRl E s e,

associ atg on W fcdhed R{QfivRl @R apPLhasee SYStLMKeclBGlarkN@ystem K104
including DC devices 102 for alarm system such as a fire
detector. Each of the subsystems is constituted by an
independent distributive system such that the respective
subsystem can operate independently.

10 As described above, the DC breakers 114 are provided
in association with each of the subsystems. In the
illustrated example, four DC breakers 114 are provided in
association with the information appliance system K101, the
lighting system K102, and the front door system K103, the

15 home alarm system K104, and the 1lighting system K105,
respectively. If multiple subsystems are associated with a
single DC breaker 114, a connection box 121 is provided to
branch the DC supply line Wdc to the individual subsystems.
In the illustrated example, the connection box 121 is

20 provided between the lighting system K102 and the front door
system K103.

The information appliance system K101 includes the DC
devices 102 connected to a DC receptacle 131 provided in the
house H, such as a receptacle in a wall or a floor of the

25 house, the receptacle being provided in advance, e.g., when

the house H is constructed.



i ghting system 1(102, and the front door system 1(103, the 15 honme alarm
.system 1(104, and the lighting system 1(105, respectively. If nmultiple
subsystens are associated with a single DC breaker 114, a connection box
121 is provided to branch the DC supply line Wic to the individual
subsystens. In the illustrated exanple, the connection box 121 is 20

provi ded between the |ighting system 1(102 and the front door system K103.
The information appliance system 1(101 i ncludes the DC devi ces 102
connected to a DC receptacle 131 provided in the house H, such as a
receptacle in a wall or a floor of the 25house, the receptacle being

provided in advangge €1ggntWAgn thecbpsisextbrs gpAStkuetedincidde - the
The lighting systens Klog and K105 include the lighting devices (DC devices

102) previ ousightdirgpaked des t(P€ Housee#, 1@hd piwviaughtyi nigsdevedeif Dchelevi ce
102) connected to a ceiling recegtacle 132 previously provided on a
ceiling, 5 redpetiiveryd BALP| dRENRENAeFPEECT s (BFt d8KEESt 402 he CEBREFHES

receptacl e 132 by-& A0 L\ JRIDEY 0 3An, LOY £5[OF, SANSKTAG! F uheD; fhey

interior of house i's constructe to contro

li ghti ng devi&gseasi g .DCadavigtesnd03eiiebudedatBatheal tghthagceysi e
K102, nmay be 10 issued by using an infrared renote controller or by using a
conmuni cat i onsceptgprle fideémbyhe $waintélh dddbeonmectredntertiivs DOnsbppeyori ne
Wic. Further, a Command tq control the lighting devices as the DC devices
102 i ncl uded"ieR tHee (RGN 8 stBf RS EETSELYEE By usi ng an

I nfrared A Command to control the lighting devices as the DC

devices 102 included in the 1lighting system K102, may be
10 issued by using an infrared remote controller or by using a
communications signal from the switch 141 connected to the
DC supply 1line Wdc. Further, a Command to control the
lighting devices as the DC devices 102 included in the
lighting system K105, may be issued by using an infrared
15 remote controller, or by using a communications signal from
the switch 142 connected to the DC supply line Wdc.
That is, the switches 141 and 142 have the functions
of communicating with the DC devices 102. Alternatively, a
control command may be issued by a communications signal
20 from another DC device 102 on the home network or the home
server 116. Such commands to control the lighting devices
include turning on the 1lighting devices, turning off the
lighting devices, dimming, flickering lights, and the like.
One of the DC devices 102 may be connected to the
25 above-described DC receptacle 131 and the ceiling receptacle

132 and the receptacle 131 and 132 supply DC power to the

- 19 -



15renpte controller, or by using a conmuni cations signal fromthe swtch
142 connected to the DC supply line Wic. That is, the switches 141
‘and 142 have the functions of comuni cating with the DC devi ces 102.
Alternatively, a control command may be issued by a conmmuni cations signal
20 from anot her DC device 102 on the hone network or the home server 116.
Such conmmands to control the lighting devices include turning on the

|l ighting devices, turning off the lighting devices, dimmng, flickering
lights, and the like. One of the DC devices 102 may be connected to the
25above-descri bed DC receptacle 131 and the ceiling receptacle 132 and the
receptacl e 13¢ gpd;132 sypp! yTt%Gspowe LR dR aw149 131 %dﬂeyjfeélllPZbeThus
the receptacle 131 and 132 will be referred to as DCoutlets if 1t need not
to di stingui saf¢hes@bebwean. D¥heubCeost lidt sihaveetinsest | 06- ipeieguhent i on
openings 5 to which connection pins (not shown) is inserted and pin

recei vi ng pth@rﬁWﬁ%Wﬁ%ﬂea(ﬁ rectly in contact mnth the inserted pins. The

connection pins ar Vld%g g ctly.in ces of . in a connection
cabl e ext ended frg‘ &vP §VeTﬁﬁfetEf0?Tl %ﬁﬂﬁq§t§°§uﬁﬁﬁ§lﬁgﬁer in
a contacd to which connection pins (not shown) is inserted and pin

receiving parts which are directly in contact with the
inserted pins. The connection pins are provided directly in
the DC devices or in a connection cable extended from the DC
devices. That is, the DC outlets supply power in a contact

10 fashion. If the DC device 102 connected to the DC outlet
has communications function, the communications signal can
be transmitted through the DC supply line Wdc. Not only the
DC devices 102 but also the DC outlets are provided with the
communications function.

15 The home server 116 has connection ports connected to
the home network and a wide area network NT that constitutes
the Intermnet. When the home server 116 is connected to the
wide area network NT, the home server 116 can be serviced
from a central server 200, i.e., a computer server connected

20 to the wide area network NT.

Services provided by the central server 200 includes
monitoring or control of devices connected to the home
network (hereinafter, referred to as “home devices”) via the
wide area network NT, the devices including not only DC

25 devices 102 but also devices having no communications

function. These services enables the monitoring or control



10 fashion. If the DC device 102 connected to the DC outlet has

.communi cations function, the comuni cations signal can be transmtted

t hrough the DC supply line Wic. Not only the DC devices 102 but also the DC
outlets are provided with the conmunications function. 15The hone server
116 has connection ports connected to the hone network and a w de area
network NT that constitutes the Internet. Wien the hone server 116 is
connected to the wide area network NT, the hone server 116 can be serviced
froma central server 200, i.e., a conputer server connected 20to the w de
area network NT. Servi ces provided by the central server 200

i ncl udes nonit OEHBY K168t IQInnekrdavieestkONAskL edetQothe QMR diGIgNOL K
(hereinafter, referred to as "honme devices") via the wide aréa network NT

t he devi ces ¢cotudideg inots otkymDGa25deavies 102 Hdwsalrso fdeecdes hawong no
communi cations function. These services enables the nonitoring or control -
20 - of theSH¥ceSUednAgctre PR IR hoWRP et wor & By C6EPRY 4V ©r 2

connunicatiog £fgfgﬂg'e having a browser function (not shown) such as a
er, “an

per sonal conpu nternet TV, or a nobile phone. 5The hone server 116

has both the functrhen ebmeonyareat i NgeM tihd heosant rahe Sery@EL 280  of
connected to the wide area network NT and the function of comrunicating

wi th the deviéewsurtioratdgigedvittdy ttiee hosmtrest werkveruz @ hegonnéet dtbnteo seheer
116 has the function of acquiring identification , , ,
wide area network NT "and the function of communicating with
the devices connected to the home network. Further, the
home server 116 has the function of acquiring identification
10 information (for example, IP address) of the home devices.
The home server 116 enables the monitoring or control
of the home devices through the central server 200 at the
communication terminal connected to the wide area network NT
by using the function of communicating with the central
15 server 200. The central server 200 relays between the home
devices and the communication terminal on the wide area
network NT.
When the monitoring or control of the home devices is
performed at the communication terminal, a request for
20 monitoring or control is stored in the central server 200,
and the home device receives the request for monitoring or
control from the communication terminal by periodically
performing a unidirectional polling communications. Thus,
the monitoring or control of the home devices can be

25 performed at the communication terminal.

Meanwhile, there may occur an event such as detection

- 21 -



10i nformation (for exanple, |IP address) of the hone devices. The hone
.server 116 enables the nonitoring or control of the hone devices through
the central server 200 at the conmunication termnal connected to the wide
area network NT by using the function of comrunicating with the central 15
server 200. The central server 200 rel ays between the hone devices and the
comuni cation termnal on the wi de area network NT. When t he
nonitoring or control of the hone devices is perforned at the conmmunication
termnal, a request for 20 nonitoring or control is stored in the central
server 200, and the home device receives the request for nonitoring or

control from¢hg gemaunincat ird eldtitdl, Ry peii @dieddy Berber ihRgraed
uni directional polling comrunications. Thus, the nonitoring or control of

t he hone devtltescoamubie 25pers aravednatl .t hencomirenceaei ohhéehomaatievice

Meanwhi | e, there may occur an event such as detection - 21 - of a fire in
a hone deV|cbanﬁm%WﬁQﬂ1?ﬁﬁﬁﬁ?%(?qﬁ¥%rnﬁ8pn§ﬁ the EYRRaNAESL FBRsCEBFAhal .

(i casecothe o devioenlnLArTRoLbe, sentcal setyer 200, ol cbbeogyent

¥ve
and the cent ra er ver OI’ ns e notification € conmuni cati ons

Sterm nal Vi g @l BGHORIC e'I%'cltronic mafN. i nportant function anong the
functions of the home server 116 conmunicating with the honme network is the

det ecti on and nanagenspeorobnthéudevicesavonpethedfvtocthenhopk heewhpke The

hone server 116 automatically detects the .
server 116 communlcatlng with the home network is the

detection and management of the devices connected to the
home network. The home server 116 automatically detects the
10 devices connected to the home network, using Universal Plug
and Play (UPnP). The home server 116 has a display 117
having a browser function, and displays a list of detected
devices on the display 117.
The display 117 may be of a touch panel-type
15 configuration or a configuration equipped with a
manipulation unit. A user can select a desired one from
among options displayed on a screen of the display 117.
Accordingly, the user (an interior constructor or a family
member) of the home server 116 can monitor or control the
20 devices on the screen of the display 117. The display 117
may be provided separately from the home server 116.
Further, the home server 116 manages information on
the connected devices. For example, the home server 116
keeps information on types, functions and addresses of the
25 devices connected to the home network. Accordingly, the

home devices can be interlocked. As described above, the

- 22 -



10devi ces connected to the home network, using Universal Plug and Pl ay
(UPnP). The home server 116 has a display 117 having a browser function,
and displays a list of detected devices on the display 117. The display 117
may be of a touch panel-type 15 configuration or a configuration equipped
with a manipulation unit. A user can select a desired one from anong
options displayed on a screen of the display 117. Accordingly, the user (an
interior constructor or a famly nmenber) of the honme server 116 can nonitor
or control the 20 devices on the screen of the display 117. The displ ay
117 may be provided separately fromthe hone server 116. Furt her,

the home serygefodddk MBNaGES chBf HRALLEN QN dbeokpnneated devd&ess. Fotn
exanpl e, the honme server 116 keeps information on types, functions and

addr esses ofotder 25devi céstephoekt edtteo t hevhoae, netwior k. décdoedi nghyy t he

hone devices can be interl ocked. As described above, the - 22 -
i nfor mat i on VYIRS Rl d TS TAGCEMRESEE! P 6§Fe€W§datFﬁ1€PH%? t%rlﬁ?%rlock

t he devices, the devices mm cally interl ock o)
attributes, BF°t hd"User TRy E con%gct %gm%oﬁ%ﬂ“§¥9e§%% tgﬁ 3gh ?ﬁe 5

communi cAt | Oélémrﬁ@rhrear@dorﬁsu%raq&nalpsﬁgﬂn@é £ Rl aRfhpsRbrl NhAA! 8eki ng
bet ween the devices using the browser function of the comrunications
term nal . interlocking between the devices using the browser function

of the communications terminal.

Each of the devices keeps the interlocking relation of
the devices. Accordingly, the devices may interlock without

10 intervention of the home server 116. When a device, e.g. a
switch is made to interlock with a device, e.g., a lighting
device, the user can turn on and off the lighting device
using the switch. Furthermore, although the interlocking is
generally performed within a subsystem, it may be performed

15 beyond the subsystem.

Meanwhile, the DC power supply unit 101 basically
generates DC power by converting commercial power source AC
supplied from outside the house. In the illustrated
configuration, the commercial power source AC is inputted to

20 a distribution bocard 110 provided in the house. In the
distribution board 110, the commercial power source AC
passes through a main breaker 111, and i1s inputted to an
AC/DC converter 112 including switching power. The DC power
outputted from the AC/DC converter 112 is inputted to the

25 individual DC breakers 114 via a cooperative control unit

113.
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Each of the devices keeps the interlocking relation of the devices.
(Accordingly, the devices may interlock w thout 10 intervention of the home
server 116. Wen a device, e.g. a switch is made to interlock with a
device, e.g., a lighting device, the user can turn on and off the |ighting
device using the switch. Furthernore, although the interlocking is
generally perfornmed within a subsystem it nmay be perfornmed 15beyond the

subsystem Meanwhi | e, the DC power supply unit 101 basically
generates DC power by converting commercial power source AC supplied from
outside the house. In the illustrated configuration, the comercial power

source AC is inputhed p@ 202 di shipbbyt iamiboand 110 piwidre | kithe house.
In the distribution board 110, the conmercial power source AC passes

t hrough a nesecdridakemattbryand2i sndnphé t esbdrodary AGtDErgonger sepplils

i ncluding sw tching power. The DC power outputted fromthe AC/ DC converter
112 is i nput®@Et cWHaRshedPerdagl foe Breakarver 4 sy n@ta seeBperat Frem
control unit_2113. - 23 - The DC power s |y unit 101 is proyjded
with a secoﬂag?ycﬁ%@?@?§ai65%¥%§t?@yg%%o%@ﬁryﬂﬁgt%é??p}%2 §ﬂﬁﬁf¥%st%%mer
during the pesiod f0r il ¢RRewebsi $hBOtorMEPEi £l Jowip thRiCRMARY. Ci Bbr pOVeEr
source AC, for exanple, during the 5 power failure period of the commerci al
power sour ceeXiplor exanpliem adn tdeicomdeoy betoadur yapabe enyedays beheised
as the secondary battery 162. Furthernore, solar cells 161 or fuel cells

163 that gen®?eRREANY fikdierivay 6Be UERERYTIfer SOHRE ACADE ¢bhvEFt EReh12
ti DC th i al t
genere 16" poer 1o Comercial 4 bose £ouges " sgbuep g o

of a main power source, e _ _ secondary b ery
162 or the faelpEetdsrdibdserveyaeratdingt DcbyoedrP@¥Weh $AHr eBmmercial

Furt hernore, although not shown in the drawi ng, the secondary battery 162
i ncl ude® a cpowen t sonrce WACclsegorsr glss a part of a main power source,
while the solar cells 161, the secondary battery 162 or the
fuel cells 163 serves as a distributed power source.
Furthermore, although not shown in the drawing, the
secondary battery 162 includes a circuit unit which controls
15 charging.
The secondary battery 162 is charged by the commercial
power source AC, the solar cells 161, or the fuel cells 163
in a timely manner. Discharging from the secondary battery
162 1is performed not only when power is not supplied from
20 the commercial power source AC but also. when necessary. The
cooperative control wunit 113 controls the charging and
discharging of the secondary battery 162 and the cooperation
between the main power source and the distributed power
sources. That is, the cooperative control wunit 113
- 25 functions as a DC power control unit which controls the

distribution of power from the main power source and the
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15char gi ng. The secondary battery 162 is charged by the commerci al
.power source AC, the solar cells 161, or the fuel cells 163 in a tinely
manner. Discharging fromthe secondary battery 162 is performed not only
when power is not supplied from 20 the commercial power source AC but al so
when necessary. The cooperative control unit 113 controls the charging and
di scharging of the secondary battery 162 and the cooperation between the
mai n power source and the distributed power sources. That is, the
cooperative control unit 113 25functions as a DC power control unit which
controls the distribution of power fromthe main power source and the - 24

- di stribut @dsPONRIt SPUSSRSy | BehHEed AT hePCiROWRE SHPPhYwaii bugPlyt O

t he DC devi ces 102. Since the driving voltages of the DC devices 102

vary dependimgiondhed yghe OC theidewit@l.it is preferable to 5 provide a

DC/ DC converter in the cooperative control unit 113 to convert a DC voltage
acquired fromtheSHaFR FBRefrigingevantadme of stReblitedepoies $8%r¥a%Yinto

o, cauested Yol agtie ALPOUIN 405 nolocL1PR.gl 0 (30 SppoEELLY, Spopl | o

to a single s : ( 10~ "conn 0 a single
DC breaker 13dvidd SBHhOcPRssivRIr@cl0 iSUPRhY Bubbépd @ity pesnofovoLhages to

a single subsystemusing three or nore lines. Alternatively, it is possible
to configurellthetDC upyelry |4 neC\Wolasgagatwoikpded rand thar ymaut t pgeero be
appl i ed betmgggrégeagan%%eozﬁ;tgggitéd power sources into a requested
voltage. Although a single type of voltage is normally
supplied to a single subsystem, e.g., the DC devices 102
io0 connected to a single DC breaker 114), it may be possible to
supply multiple types of wvoltages to a single subsystem
using three or more lines. Alternatively, it is possible to
configure the DC supply line Wdc using two lines and vary
voltage to be applied between the lines over time. a
15 plurality of the DC/DC converters may be provided in a
distributed fashion, like the DC breakers.

Although only the single AC/DC converter 112 is
illustrated in the above-described example, multiple AC/DC
converters 112 may be provided. When the multiple AC/DC

20 converters 112 are provided, it 1is preferable to vary the
number of AC/DC converters 112 which operate, depending on
the size of the load.

The above-described AC/DC converter 112, the
cooperative control unit 113, the DC breaker 114, the solar

25 cells 161, the secondary battery 162 and the fuel cells 163

have communications functions, and therefore can interlock
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15plurality of the DC/DC converters may be provided in a distributed
fashion, like the DC breakers. Al t hough only the single AC DC
converter 112 is illustrated in the above-described exanple, multiple AC DC
converters 112 may be provided. Wen the nultiple AC/DC 20 converters 112
are provided, it is preferable to vary the nunber of AC/ DC converters 112
whi ch operate, depending on the size of the | oad. Theabove-descri bed

AC/ DCconverter112,the cooperative control unit 113, the DC breaker 114,
the sol ar 25cells 161, the secondary battery 162 and the fuel cells 163
have conmmuni cati ons functions, and therefore can interlock - 25 - wth

each other based Qnstates ehsbheoABLP POYESr SAUW GRidNdABe dbalkekbabed
power sources and the load including the DC devices 102. A communi cati ons

- signal used tie communilnetddngpawert rsansuest eddi nhehéosdnhaclofiibei nige DC
superinposed on DC 5voltage, |ike the communications signal used for the DC
devi ces 102.devices 102. A communications signal used in communicating

is transmitted in the manner of being superimposed on DC
5 voltage, 1like the communications signal used for the DC
devices 102.

In the above-described example, although the AC/DC
converter 112 is disposed in the distribution board 110 and
converts the AC power inputted from the main breaker 111 to

10 DC power, the AC/DC converter 112 may be disposed in each of
AC supply lines. In this case, the AC supply lines are
branched into multiple systems by a branch breaker (not
shown) provided in the distribution board 110, and an AC/DC
converter 112 ié provided in the AC supply line for each

15 system, thereby converting the AC power into a DC power for
the system.

Further, the DC power supply unit 101 may be provided
in each of layers or rooms of the house H, and the DC power
supply unit 101 may be managed for each system. Furthermore,

20 gince the lengths of the DC supply lines Wdc between the DC
devices 102 using DC power become short, the loss of power
attributable to vecltage drops over the DC supply lines Wdc
can be reduced. Alternatively, the main breaker 111 and the
branch breaker may be provided in the distribution board 110,

25 and the AC/DC converter 112, the cooperative control unit

113, the DC breakers 114 and the home server 116 may be
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In the above-descri bed exanple, although the AC/ DC converter 112 is
.disposed in the distribution board 110 and converts the AC power inputted
fromthe main breaker 111 to 10DC power, the AC/ DC converter 112 nay be

di sposed in each of AC supply lines. In this case, the AC supply lines are
branched into nultiple systens by a branch breaker (not shown) provided in
the distribution board 110, and an AC/DC converter 112 is provided in the
AC supply line for each 15system thereby converting the AC power into a DC
power for the system Further, the DC power supply unit 101 may be
provided in each of layers or roons of the house H and the DC power supply

uni t 101 may,ps,managed f @haeach-A¥St £Mn Ruid herdmrieuc28nshageat o | engt hs
of the DC suppl y lines WIc between the DC devices 102 usi ng DC power becone

short, the | oss ollegower att pobbatablsidpd wol ﬁegeceeir ops oven thgDC sapply
| i nes Wic can be reduced. Alternatively, the main breaker 111 and_t he
br anch break@@rmqﬁdlmgo\ﬁ%etdlq FAmEIGtdVei FePrsALboaLE 118) 258hddeRe

AC/ DC converter he cooperatl ve contr | .unit 11 e DC br ake 114
and the hone*%er §r ]1"116 PREY “he’t Oc-iLedWllf %ﬁoa T RS th’a‘%ﬁt he

distribuion bparehdelOco rFig. 1. The power supply device 3 includes
multiple (e.g., four in the illustrated example) power
devices 4 (5 and 6) to operate in parallel and to supply DC
power to the DC devices (load device) 102, and a monitoring
device 7 configured to monitor the entire system for
10 supplying DC power.

The multiple power devices 4 include one first power
device 5 and multiple (e.g., three in the illustrated
example) second power devices 6 (6a ~ 6C).

The first power device 5 outputs a constant DC voltage

15 as an output voltage V01l regardless of the magnitude of an
output current I01 (e.g., see Fig. 5B). A source voltage
from the commercial power source AC is inputted to the first
power device 5 as an input voltage Vil (e.g., see Fig. 3).
That is, the first power device 5 is a commercial-power-

20 source power device which supplies a DC power to the DC
devices 102 based on an output of the AC/DC converter 112,
the AC/DC converter 112 using the commercial power source AC
as an input power source.

The first power device 5, as shown in Fig. 3, includes

25 a voltage detection unit 50 detecting the output voltage V01,

a switching control wunit 51 generating a pulse width
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Next, a power supply device 3 (in Fig. 2, corresponding to the cooperative
.control unit 113) included in the DC power supply unit 101 will be
described with 5 reference to Fig. 1. The power supply device 3 includes
multiple (e.g., four in the illustrated exanple) power devices 4 (5 and 6)
to operate in parallel and to supply DC power to the DC devices (Il oad
device) 102, and a nonitoring device 7 configured to nonitor the entire
system for 10supplying DC power. The nmul tipl e power devices 4

i nclude one first power device 5 and multiple (e.g., three in the
illustrated exanple) second power devices 6 (6a - 6¢). The first power

device 5 outpy§$l & LPNEdM)t J¥gneal lsagenbaecagiual QubpHt 1¥okkagaeyEAding
regardl ess of the magnitude of an output current 101 (e.g., see Fig. 5B). A

source vol t age &roafehenconveltagd wmmemdsauvobt$gé|§1|dpue¢eddtbythbef|rst

power device 5 as an |nput voltage Vii ee g 3). That is, the
first power H%%F%QFES %$%¥9%9WWEP@H§I-§8weran§0 8ouPCéPRoWEPTUETFRE WhF ch

supplies a Qﬁgg ot 0 a n.an t _of e DC
converter 115 3§J%x$§bnve9®' %uéﬁﬁ %ﬁggﬂcégnggg%E %%m%%gsgﬁfie AC

as an i nput REYEFrdSAHMGEe.the ON duty Wm@tﬁiéﬁttww&m daynee 81 @soshem& in

Fig. 3, includes 25a voltage detection unit 50 detecting the output voltage
V01, a swit cévhgcktiont ragntuneilt ubitgBherating a pul se width - 27 - nodul at ed
(PW) signal Si whose duty widith is set dependin reference,vol tage V2
and a voltage V1 3@?eé’t°&6‘%§ tdr?é?e\%llpégéuﬂét e%%glﬁcm‘?s 56¥° aRgSaSBRF BC

converter 52gpaclidi g a SMdAING 09492520 Waich ik BebULAgd 0D, 2pdgof f

follower 502 to which a voltage voltage-divided by the
10 resistors 500 and 501 is inputted, and detects the output
voltage V01l of the first power device 5.

The switching control ‘unit 51 includes a switching IC
510 to which the detected voltage of the voltage detection
unit 50 (i.e., output voltage of the voltage follower 502)

15 V1l and the reference voltage V2 are inputted.

The switching IC 510 outputs the PWM signal S1 to the
switching device 520 in which the ON duty width of the PWM
signal S1 1is set such that the différential voltage V2-V1
between the reference voltage V2 and the detected voltage V1

20 is kept constant. That is, the switching IC 510 sets the ON
duty width of the PWM signal 81 so that the output wvoltage
V01l (or the detected voltage V1) 1is kept constant.

The DC/DC converter 52 includes a smoothing capacitor

521, an inductor 522, a switching device 520, a diode 523,
25 and a smoothing capacitor 524 in sequence from the input

side, and boosts an input voltage Vil by turning on and off
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5according to the ON duty width of the PMM signal Si fromthe switching
.control unit 51. The voltage detection unit 50 includes two resistors
500 and 501 connected in series to each other and a voltage follower 502 to
whi ch a voltage voltage-divided by the 10resistors 500 and 501 is inputted,
and detects the output voltage Vol of the first power device 5. The
switching control unit 51 includes a switching IC 510 to which the detected
vol tage of the voltage detection unit 50 (i.e., output voltage of the

vol tage foll ower 502) 15V1 and the reference voltage V2 are inputted.

The switching I C 510 outputs the PWM signal Si to the sw tching device 520
in which the.ON ditewdt ek ckhesPVWM signal Si is set such that the
differential voltage V2-V1 between the reference voltage V2 and the
detected vol tage Yhe2Bwisckepy demstant20Thay bs, the swahphéngal €i818 sets
the ON duty width of the PWM signal Si so that the output voltage VOl (or

t he det ect edebBttagd "¢ )siis§okept WeFRtntthe PWM  shengcy 3¢ cSa¢Brt BRE52

L0l udes, 2 SIBOLNLg, CoRRGLOr OZLo N LRNGLof S27, 3 SWASNLID devige

input sige, @udiRO0SLS ahddupgul M t g8 dbr byobur NiviONcRAds@htching
device 520 is turned on, conduction is made between a source
and a drain and an electronic energy is accumulated in the
inductor 522. Thereafter, when the switching device 520 is
turned off, the electronic energy accumulated in the

10 inductor 522 is discharged, thereby boosting the wvoltage.
The boosted wvoltage becomes smooth by the smoothing
capacitor 524. The DC wvoltage made smooth by the smoothing
capacitor 524 1is, as the output voltage V01, outputted to
the DC devices 102 (see Fig. 1).

15 Using the above operation, the first power device 5
can perform a feedback control so as not to deviate from an
output current-voltage characteristic in which the output
voltage V01 1s a constant DC wvoltage, regardless of the
magnitude of the output current I01, as shown in Fig. 5B.

20 The second power device 6 outputs a DC voltage which
monotonically decreases as the output current I02 increases,
as an output voltage V02, as shown in Fig. 5A. An output
current-voltage characteristic of the second power device 6
may be represented as V02 = -aI02 + VO (a > 0, VO > 0). 1In

25 accordance with the output current-voltage characteristic,

the V02 + alI02 is V0, that is, a constant voltage. o and VO
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- 28 - the switching device 520. - The switching device 520 nay be,
for exanple, a field effect transistor, wherein the PAM signal S1 fromthe
"switching IC 510 is inputted to a gate of the switching 5 device 520

t hrough the resistor 525. When the swi tching device 520 is turned on,
conduction is made between a source and a drain and an el ectronic energy is
accunul ated in the inductor 522. Thereafter, when the sw tching device 520
is turned off, the electronic energy accunulated in the 10 inductor 522 is
di scharged, thereby boosting the voltage. The boosted vol tage becones
snooth by the snoot hing capacitor 524. The DC voltage nade snooth by the

smoot hi ng capaeitor 4 P2 deht it *éeac@lUTo(fUtth‘éO|sfe%%%dVBéwe9UBEUEE§Q 50 the DC
devices 102 (see Fig. 1). 15Using the above operation, the first power

device 5 camperborthe dagrdifackatdndf oths ssasombipawerdeeivatesf 6om an out put
current-voltage characteristic in which the output voltage VOl is a
constant DC voltaéé Sbégarépe§§90flv éhﬁa@@ﬁﬁﬁdéeéﬂstHéloéFﬁuFOEH?FEﬁ@ 101,
as shown in Flg The second po Vi ce 6 uts DC t age

whi ch nonot off %??ysﬁ%é%%dgﬁﬁﬂés‘?ﬁe oggbu%'chFgﬁ g %ﬁ%?gﬁ e¥8£a§gan

out put ol t agen M e @St SN ddbdid porRr ARvQLEPEL, CHhBeBheV@héﬁgéells
characteristic of the second power é)V|ce 6 may be represented as V02 =

-al 2 + VO (86> dre Ommddted no25aecesedandepowveh dérel critqout Ther eatondl t age
characteristic, the V02 + al02 is VO that is, a constant voltage, a_and VO
- 29 - power devices 6 receive an input voltage Vi2 respectively
| from the cells 161 and 163 and the battery 162 (see Fig. 4).
That is, the second power device 6a 1s a solar-cell power
10 device (PV converter) which supplies a DC power to the DC
devices 102 using the solar cells 161 as an input power
source, the second power device 6b is a secondary-battery
power device (BAT converter) which supplies a DC power to
the DC devices 102 using the secondary battery 162 as an
15 input power source, -and the second power device 6c is a
fuel-cell power device (FC converter) which supplies a DC
power to the DC devices 102 using the fuel cells 163 as an
input power source.
Each of the second power devices 6, as shown in Fig. 4,
20 includes a current detection unit 60 detecting an output
current I02, a voltage detection unit 61 detecting an output
voltage V02, a switching control unit 62 generating a PWM
signal S2 whose an ON duty width is set depending on the
detected voltage V5 of the voltage detection unit 61 and a
25 voltage V8 outputted from the current detection unit 60, and

a DC/DC converter 63 for including a switching device 630
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may be different for each of the second power devices 6, or may be the sane
for all of the second power devices 6. As shown in Fig. 1, the solar
cells 161 are connected to the second power device 6a, the secondary
battery 162 is 5 connected to the second power device 6b, and the fuel
cells 163 are connected to the second power device 6¢c. The second power
devices 6 receive an input voltage Vi2 respectively fromthe cells 161 and
163 and the battery 162 (see Fig. 4). That is, the second power device 6a
is a solar-cell power 10 device (PV converter) which supplies a DC power to
the DC devices 102 using the solar cells 161 as an i nput power source, the

second power £gevie& 8y ich anseeerdany- Bﬁiﬁawn%qy@ﬁdte\eiz@e acBAFachgvester)
whi ch supplies a DC power to the DC devices 102 using the secondary battery

162 as an 15thapoN dower widuhcef arick (3w setopred povefroevibe 6gikbshang

fuel -cell power device (FC converter) which supplies_a DC power to the DC
devi ces 102 @QREEPY helrfiffe| 6@el | s PLBFIET  anthfiputepoR®r RBiftce SeFAER of t he
second pomer.deviges 6 ag?shomm i n_Fi 4, .20 igcluges a_gurrent gﬁagction

unit 60 det etPihyTeh cut P LEUFFENt Vb2, 4 §3Ft 854 a5t Re Fan TRPE:
detecting an,outpatomgllage ¥Ra: 208Woh68A NGn COM 1 WH ta @2ngeBerahing a
PWM si gnal S2 whose an ON duty width is set depending on the detected
vol tage V5 of3t heevdiqagea )dethechi enllnbé ddsanidbed A%relrt.age V8 out putted
fromthe current detection unit 60, and a DC/ DC converter 63 for including
a switching devi c&hg3Furrgyt. detection unit 60 includes resistors 600
and 605, a current IC 601 for detecting a voltage across the
resistor 600, resistors 602 and 603 for dividing an output
10 voltage V3 of a current IC 601, and a voltage follower 604
to which the voltage divided by the resistors 602 and 603 is
inputted. Thus, the current detection unit 60 detects the
output current IOC2.
The voltage detection unit 61 includes two resistors
15 610 and 611 connected in series to each other and a voltage
follower 612 which receives the voltage divided by the
resistors 602 and 603. The voltage detection wunit 61
detects the output voltage VO02.
The switching control unit 62 includes a switching IC
20 620 which receives the detected voltage V5 of the voltage
detection unit 61 (i.e., the output voltage of the voltage
follower 612) and a voltage V8 which will be described later.
The DC/DC converter 63 includes a smoothing capacitor
631, an inductor 632, a switching device 630, a diode 633,

25 and a smoothing capacitor 634 in sequence from the input

side. The DC/DC converter 63 boosts an input voltage Vi2 by
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for turning on and off the swi tching device 630 according to the ON duty
wdth of the PAM signal S2 fromthe switching control unit 62. Further, the
second power device 6 includes a adjustnment unit 64 for adjusting the
magni t ude 5o0f the output current 102 based on control of a control unit 73
(see Fig. 1) which will be described later. The current detection
unit 60 includes resistors 600 and 605, a current IC 601 for detecting a
vol tage across the resistor 600, resistors 602 and 603 for dividing an

out put 10 voltage V3 of a current IC 601, and a voltage foll ower 604 to

whi ch the voltage divided by the resistors 602 and 603 is inputted. Thus,

the current defectd ofy upid 6@ dateg)scihenQWpHicLUBLent 102. The vol tage
detection unit 61 includes two resistors 15 610 and 611 connected in series

to each ot her andTaevohtiggetfeatt owerit6lz4whiinhluéesi wes aute welbt ageidhvi ded
by the resistors 602 and 603. The voltage detection unit 61 detects the
out put vol t aec&oEs Thecqiharchiifg Yo rfthr dheuiUtPes icHEFEaEs Ta2sWrPBhFAG | C

20 620 which receives the defected vol.tage. of. .the vaol tage, detection unit
61 (i.e., th‘éo%ﬁ%]u_tu%ﬁ te7a3ge{%?et i voi't g”glelcf%ol lol\t%/e;%eG Cgﬁ eg \?/%F?ﬁge V8
which wid | bgngesgsihed drhef 641 and sdberO B LOMELILLLBBULNGbUEE§e a

snoot hi ng capacitor 631, an inductor 632, a swtching device 630, a diode
633, 25and avenbotti nige capacétor 6B4riherseduencaljfuscmenbe unpputinsidées The
DC/ DC converter 63 boosts an input voltage Vi2 b
a non-inverting amplifier 43 whic receives a voltage
divided by the resistors 641 and 642.
The CPU 640 controls the magnitude of the output
10 current I02 based on the command value from the control unit
73 during the operation of the power supply device 3, i.e.,
while the power supply device 3 supplies a power to the DC
device 102.
The monitoring device 7, as shown in Fig. 1, includes
15 a load current detection unit (load current detection means)
70 which detects a current value of load current IL supplied
to the DC device 102, a remaining amount detection unit 71
which detects available supply ranges of the solar cells 161
and fuel cells 163 and a remaining amount of the secondary
20 battery 162, and a determination unit (determination means)
72 which determines whether or not the load current IL
detected by the current detection unit 70 is changed.
Further, the monitoring device 7 includes the control unit
(control means) 73 which controls the magnitude of the

25 output current I02 of each of the second power devices 6.

The load current detection unit 70 periodically
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- 31 - turning on and off the sw tching device 630. The adj ust nent
.unit_ 64 includes a CPU 640 which receives a command val ue of the output
current 102 fromthe control unit 73 (see Fig. 1) which will be descri bed
later, 5 and two resistors 641 and 642 for dividing an output vol tage V6
fromthe CPU 640. Further, the adjustnment unit includes a non-inverting
anplifier 643 which receives a voltage divided by the resistors 641 and
642. The CPU 640 controls the magnitude of the output 10 current 102 based
on the command value fromthe control unit 73 during the operation of the
power supply device 3, i.e., while the power supply device 3 supplies a

power to thegDGdeyi£ecdBlentlNgedmdt 119) | B8-Kleyt Cend, DASASHONEs | Do 8nd 1,

i ncludes 15 a |l oad current detection unit (load current detection neans) 70
whi ch det ect sha todd emirmaitueriof 1.cad eurgcertl ldurseppl nedded bhetBE devi ce
102, a remmining anount detection unit 71 which detects avail able supply
ranges of theécsafes tetlsidel anditdieFheePP8ra®zCanet atPenBPHPRgSHRBUNL of

e e e POeaL &)L 150 A0 8 SELELI LAY AL SELELNORL P
the currgent gdeheetiOnpuiide viscehanged. TiRarddedor idie p@AabhoR kNG demece 7
i ncludes the control unit (control neans) 73 which controls the nagnitude
of the 25out potecwak efr X2 obf téachoefl thersetorah fenweroldewiedesr6. eThe, | oad
current detection unit 70 periodically ,

some milliseconds. Furthermore, the load current detection

unit 70 detects the output current of each of the second

powef devices when the output voltage of the second power

10 device 6 is coincided with the output voltage of the first

power device 5.

The remaining amocunt detection unit 71 periodically
detects the output voltage and current of the secondary
battery 162 and further detects the remaining amount of the

15 secondary battery 162 using the detected.results during the
operation of the power supply device 3 (while the power
supply device 3 1is supplying the power to the DC devices
102).

The determination unit 72 determines whether the load

20 current IL is changed or not as described above, and, if so,
further determines whether or not the rate of change in the
load current is 1less than a preset threshold. The
determination unit 72 corresponds to the determination unit
and rate-of-change determination unit of the present

25 invention. In the present embodiment, the rate of change in

the load current refers to an amount of change in the load



- 32 - detects a current needed by each of the DC devices 102 and the | oad
.current IL, i.e., atotal current needed by the DC devices 102 side, during
t he operation of the power supply device 3, i.e., while the power supply
device 3 supplies the 5 power to the DC devices 102. The detection period
is atime interval for which the | oad current can be followed up, e.g.,
some mlliseconds. Furthernore, the |oad current detection unit 70 detects
t he out put current of each of the second power devices when the output

vol tage of the second power 10device 6 is coincided with the output voltage
of the first power device 5. The remai ni ng anount detection unit 71

periodi cal | y.det&et stihgcoutpUt oldage ad eyreent: #f ikheseepndaryly
battery 162 and further detects the renaining anount of the 15 secondary

battery 162 ssiegrddedelsdetired srestihd st ghok | agd t ber bpetiaideonodf thdefpoler
supply device 3 (while the power supply device 3 is supplying the power to
t he DC devi ce8li92}63 Thandefaynidfatd oy e t CTRr R BT HiNgest whet her. t he0| oad

20 current Qﬁ/is chaqgﬁgsgr Qgt aghdeécrjbeqﬁqu¥e, %gd,eég sg fgrt?&r
det er mi nes WRETHRF GrTHGS t hE PRt &rof ey mhdUadSeafr &R 18 T8ss
than a pyesey, t hrestRldsndihe Aehry MRatdon Wi/ miduees! espgpdsst 0Oabbet
determ nation unit and rate-of-change determination unit of the present
25i nvent i on. 11 x/theutpr.esent enbodi nent, the rate of change in the | oad
current refers to an anmount of change in the | oad ,
The control unit 73 determines which of the power
devices 5 and 6 supplies the power to each of the DC devices
102 and how much amount of the power is supplied to each of
10 the DC devices, from the standpoint of the entire system,
and controls the output of each of the power devices 5 and 6
based on the results of the determination. The control unit
73 transmits an command value directing the current value of
the output current I02 to the adjustment unit 64 of each of
15 the second power devices 6. Furthermore, the command wvalue
may be a wvalue directly representing the current value of
the output current I02, or a voltage value which is
converted from the current value of the output current IO02.
Furthermore, the command wvalue is not limited to the wvalue
20 directing the current value of the output current I02 of
each of the second powef devices 6, but may be a value
representing the magnitude of an output power of each of the
second power devices 6.
As shown in Fig. 4, the CPU 640 outputs the output

25 voltage V6 of the magnitude corresponding to the command

value received from the contrcocl unit 73 (see Fig. 1). An
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- 33 - current IL per unit tinme. The threshold is appropriately sel ected
.depending on the type and perfornmance of the fuel cells 163, and may be a
val ue corresponding to, e.g., 100 Wsone nminutes. Wen the rating of the
fuel cells 163 is 40 5V, the threshold value nmay be 2.5 Almnutes, that is,
about 1 A/m nute. The control unit 73 determ nes which of the power
devices 5 and 6 supplies the power to each of the DC devices 102 and how
much amount of the power is supplied to each of 10 the DC devices, fromthe
standpoint of the entire system and controls the output of each of the
power devices 5 and 6 based on the results of the determ nation. The

control unito (B¢ angiidyean wommnd Mal ug gdrecliRgnihe gyl L ent vabyg of
the output current 102 to the adjustment unit 64 of each of 15 the second

power devi cesnéredasd ey nbree puthbet coolrasge Viad uet e lIPva 6val uecdeases| y

representing the current value of the output current 102, or a voltage
val ue whi ch #39 c FELEERST rdTm (the cerFRHt VaLGaIsf Yheodutpif &&Pr eht0 102.

Furt her nore, éhgﬁc%gnand value is not limted to the value 20 directing the
current val UBSBFSIHE out put current 102 of each of the second power devices

6, but may be a valuentepbesenting drke wrgpbhtdesdfe A HUt Rt cpower of each
of the second power devices 6. As shown in Fig. 4, the CPU 640

out puts the oufperterSadl tagel M eaf Gdte hagprovdded obevespandihg volthge
command Valug e e % dd Ol B2 2hs e 20850 Y Bheellench
amplifier'GOé outputs a voltage V8 (= B(v7-v4) (B > 0) to
the switching IC 620, the voltage V8 being proportional to a
10 differential voltage (V7-V4) between the output voltage V7
of the non-inverting amplifier 643 and the detected voltage
V4 of the current detection unit 60 (i.e., the output
voltage of the voltage follower 604). Accordingly, even 1if
the detected wvoltage V4 is not changed, the voltage V8
15 outputted to the switching IC 620 increases when the output
voltage V6 and the output voltage V7 increase according to
the command value from the control unit 73. On the contrary,
when the output wvoltage V6 and the output wvoltage V7
decrease, the voltage V8 outputted to the switching IC 620
20 decreases. Furthermore, the value of B is sét such that the
voltage V8 can be calculatéd in connection with the detected
voitage V5 in the switching IC 620.
The switching IC 620 outputs to the switching device
630 a PWM signal 82 whose ON duty width has been set
25 (changed) such that the differential voltage (V8-V5) between

the wvoltage V8 and the detected wvoltage V5, i.e., the
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out put voltage V7 of the non-inverting anplifier 643 increases as the
.output voltage V6 of the CPU 640 increases, and decreases as the output
~voltage V6 of the CPU 640 decreases. 5Furthernore, in the current detection
unit 60, a differential anplifier 606 is provided between the voltage :
foll ower 604 and the resistor 605. The differential anplifier 606 outputs a
voltage V8 (= P(V7-V4) (p > 0) to the switching IC 620, the voltage V8
bei ng proportional to a 10 differential voltage (V7-V4) between the out put
vol tage V7 of the non-inverting anplifier 643 and the detected voltage V4
of the current detection unit 60 (i.e., the output voltage of the voltage

foll ower 604)01 r gl s gven) i f bEBEndet 85k kol t mevép@i@%amﬁnged,
the voltage V8 1 outputted to t he swi t chi ng | C 620 i ncreases when the

out put vol t agiee VBwatchidge DOt pab vbbhgge Vel 00F edsy aciciaihdiafy tloe t AeM
command value fromthe control unit 73. On the contrary, when the qutput
vol tage V6 afididke Sdt it FolLAge Vet eble redigey ditagec gt pivied to

t he smﬁtchinggéébﬁéq ZQh%gegﬁea%%ﬁtaFng%§g_ 5§4P%Pfhf?ﬁ8?%%£%§tZ§f§§F such

t hat the vo! can Dbe calcul"ated i n"connectton
vol t age oV5 | fnd hgag dictd RE 186281 tage (BvThevsSipuohi macbRe820n0ULRMES tO

the switching device 630 a PWM signal S2 whose ON duty w dth has been set
25(changed) wathet hat belierd) f f efentdaalt rasktt agéne \B+Nhimgt ViEen62 hesgbst age
V8 and the detected voltage V5, i.e., the - 35 -
the ON duty width of the PWM signal S2 to a small wvalue to
increase the voltage (Bv7-(V5+Bv4)) when the voltage (BV7-
(V5+BV4)) decreases (i.e., the magnitude of the voltage
10 (Bv7- (V5+BV4) ) becomes the same value as before).

The switching device 630 may be, for example, a field
effect transistor, wherein the PWM signal 82 from the
switéhing IC 620 is inputted to a gate of the switching
device 630 via the resistor 635. When the switching device

15 630 1s turned on, conduction.is made between a source and a
drain and an electronic energy i1s accumulated in the
inductor 632. Thereafter, when the switching device 630 is
turned off, the electronic énergy accumulated in the
inductor 632 is discharged, thereby boosting a voltage. The

20 boosted voltage is made smooth by the smoothing capacitor
634. The resulting DC voltage made smooth by the smoothing
capacitor 634 is, as the output voltage V02, outputted to
the DC devices 102 (see Fig. 1).

As described above, when the output current I02

25 (detected voltage V4) increases, the voltage (Bv7-(Vs+pv4))

is reduced. 1In this case, the output voltage V02 (detected
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vol tage (3V7-(V5+3V4)), becones constant. More specifically, the sw tching
,IC 620 changes the ON duty width of the PAM signal S2 to a larger value to
reduce the voltage (PV7- (V5+PV4)) when the voltage (PV7-(V5+3V4))
increases (i.e., 5 the magnitude of the voltage (13V7-(V5+3V4)) becones the
sanme value as before). In contrast, the switching IC 620 sets the ON duty
width of the PMM signal S2 to a snall value to increase the voltage
(PV7-(V5+3V4)) when the voltage (13V7- (V5+PV4)) decreases (i.e., the
magni tude of the voltage 10(13V7-(V5+13V4)) becones the sane val ue as
before). The swi tching device 630 may be, for exanple, a field

ef fect transysiQige WBI &lan e B85 9P s&2: fipraHhens Wk GhivhechC.628 i's
inputted to a gate of the switching device 630 via the resistor 635. Wen
t he swi t chi ngmaleMécevdbué3nis liowemedgorthec ormiuctgeorbocss tnede Hetiweehnata
source and a drain_and an _electronic energy is accunmulated in _the inductor
632. Thereaf?%@,Vﬂh%ﬁg?héBEWﬁfYﬁﬁﬁﬁfhﬁahﬁﬁ9W§§otﬂgat%%ﬁ%da%fP?f?ﬁ%- On

el ectronic e gy..accumyl_at.ed | h nd 632 i i s rg by
boosting a vgﬁéaégﬁl hgﬁﬁggboogg%% S%#?agékgétnaé%réﬁg%tﬁﬁﬁy ?ﬁstéﬁﬁé hi ng
capacit oy 63do1ddye: resy) ti ngcbPCayol | agensadecsangeh hpvthevsnmat hi ngis
capacitor 634 is, as the output voltage V02, outputted to the DC devices
102 (see Fi gind)eased. The oAspdeseelibegk A e(damrartedheodbbpat VBUr camt 102
25(detected vol tage V4) _increases, the voltage (PV7-(V5+3V4)) is reduced.
In this casePetieCTRRrFIA RblSddge WoFhededey wW186h- toy | £358SY5Y2LER be

reduced by s i ; j_dt a_snmal.ler I a ri t he
vol t age boos%%%gfgﬁi .t{%é(ggﬁg%%ﬁ 5265%6%§v%?€@5E¥§34?§6b3§%%gﬁgtﬁ g;ane as
before. On thesgiher hardmevheRnet BEmoUdpule g ent 102 (detected 5 vol tage

V4) decreases, the voltage (pV7-(V5+PV4)) is increased. The output voltage
V02 (dét®ct ed vol Pager¥shgtrn beathcrehsethby secetndg phecON device déh to

a |l arger value and ingcreasi vol.f age boosti such that the voltage (3V7-
(Voerva)) bttt sare Aeshersed. above KeSpS! e’ voltage! " 9y
(V5+PBV4)) constant, thereby performing feedback control so

as not to deviate from the output current-voltage
characteristic (i.e., the characteristic in which V02 + aIo02
15 is constant) in which the output wvoltage V02 monotonically
(linearly) decreases as the output current I02 increases, as
shown in Fig. 5A.
When each of the second power devices 6 having the
output current-voltage characteristic is used together with
20 the first power device 5, the output voltage V02 changes to -
coincide with the output voltage V01 and, accordingly, each
of the second power devices 6 outputs the output current I02
when the output wvoltage V02 1is coincided with the output
" voltage V01 of the first power device 5.
25 This will be described in detail with reference to the

output current-voltage characteristic shown in Fig. 6. When
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10Accordi ngly, each of the second power device 6 configured as described
;above keeps the voltage (3V7- (V5+PV4)) constant, thereby perfornng

f eedback control so as not to deviate fromthe output current-voltage
characteristic (i.e., the characteristic in which V02 + al02 15 is
constant) in which the output voltage V02 nonotonically (linearly)
decreases as the output current 102 increases, as shown in Fig. 5A

When each of the second power devices 6 having the output current-voltage
characteristic is used together with 20 the first power device 5, the
out put voltage V02 changes to coincide wth the output voltage Vol and,

accor di ngly, rgach@buthenacond poyen dexhces, 6 et il dthe,Qut Gherent
102 when the output "voltage V02 is coincided with the output voltage VOL of

the first poweksngleyi cembor2hihi stav 1hcheagtescsadethe natedwai kaw ih rFeference
to the output current-voltage characteristic shown in Fig. 6. Wen - 37 -
the output cfitrentWAeR Jd&€r e@3ERUL t FOLl5806Ut VDI LAGESYO2S chdritfes cutput

tenporarily to_incre see the arr A.in Fig _6). Wen, the output

Vol Lage vob FRENESs oBF HEGATR i Tt oot ahsadinde: AB-GBrBER oo
vol tage ov4 | REE8ASESy1P AGeRr dingl Yaksee tBe arnowi(P) isn Fi gwh VHhen the
detected voltage V4 1ncreases, the voltage (3V7-(V54V4)) decreases such

t hat the ON detgcwvedt vodtaghe VWM stgrrdesS2 the narilawgd, vl -t(ve+Butput

vol tage V02 (detected voltage V5) decreases accordingly (see the arrow (C
in Fig. 6). J40rIRiRs W o%@apmt %I@bég‘éHWZW’r@tléh‘aﬁgE%etBWOFHEF@IE #2th

the output voltage ¥Ols angdat g Outpul, CurLet d0g,L et Lps 194! {,31005g! nal
magni t ude.
V5) decreases accordingly (see the arrow (C) in Fig. 6).
10 Thus, the output voltage V02 is changed to coincide with the
output voltage V01, and the output current I02 returns to
its original magnitude.
Meanwhile, when the output current I02 increases, the
output wvoltage V02 changes 1in conformity with the output
15 current-voltage characteristic of Fig. 6, and temporarily
decreases (see the arrow (D) in Fig. 6). When the output
voltage V02 decreases, the output current I02 decreases (see
the arrow (E) in Fig. 6) and the detected voltage V4
decreaées. Accordingly, when the detected voltage V4
20 decreases, the voltage (BvV7-(V5+BV4)) increases, and the ON
duty width of the PWM signal S2 is widened. Consequently,
the output voltage V02 (detected voltage V5) increases (see
the arrow (F) in Fig. 6). Thus, the output voltage V02 is
coincided to the output voltage V01, and the output current

25 I02 returns to its original magnitude.

Next, a case where, due to increase in a total used
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Meanwhi | e, when the output current 102 increases, the output voltage V02
.changes in conformty with the output 15 current-voltage characteristic of
Fig. 6, and tenporarily decreases (see the arrow (D) in Fig. 6). Wen the
out put voltage V02 decreases, the output current 102 decreases (see the
arrow (E) in Fig. 6) and the detected voltage V4 decreases. Accordingly,
when the detected voltage V4 20 decreases, the voltage (PV7-(V5+PV4))

i ncreases, and the ON duty width of the PWM signal S2 is w dened.
Consequently, the output voltage V02 (detected voltage V5) increases (see
the arrow (F) in Fig. 6). Thus, the output voltage V02 is coincided to the

out put vol t ager-Mds @@dtﬂ@%@tamcé‘éﬂfo%nt 2%102arqfolaan%utr9eht;smrlgh@al
magni tude. Next, a case where, due to increase in a total used - 38 -

current of thecﬁﬁidpuwees deQ2cel .. isadieadtedr rentindreddse slesondtpowner
device 6 is directed to increase the output current 102 to a command val ue
by the contr@Primit 17@,2\/%9@ FHEH plrl uroMagdeveprtdetetréd val wagéeva
is constant, rlbe th, reference to Fi 7 Flrst ed on
t he command vg?uguL:Pﬁg out pﬁ?evgllo\t%aggd C% (S 3\656 O?F\/:?HEM))
increase; Fugiherpe Shde- ey M't%a%f@%SMZe £¥5#P§/4)? I ﬁﬁﬁ:@%se%asbbeom
duty width of the PMM signal S2 is wi dened and the output voltage V02

tenporarily ekeeedsmadfd tveelwait pute \mitpage Wt agsed 7t hedathewvpAraga ¥Bg.
7). This operation corresponds to the addition of a predeterm ned voltage
to the out puf=vd Vdg¥+\02 GrereREesecofidr pifwer dévfee té"e V%%%t%% dHVput

vol tage V02 :é%f@\%eﬁ Jd18 L&pugh@ %Jd'ﬁ&%t w{ln%%h g%t %ﬁ%eg %gﬂgl\éi

i ncreases (see e arrow ( etecte

increases, the velktage GW& (t\@FMegutde%E@ég@ V@ﬁldttahﬁb@BQi@yt @gc@éldguty
wi dt h of the PWM signal S2 is narrowed. As a result e out put voltage V02
decreases (seket betput ovwlt®ge WEHi g(s€p .the arrow (A) in Fig. 7). This
operation corresponds to the addition of a predetermined
voltage to the output voltage V02 of the second power device
6.
When the output voltage V02 increases, the output

15 current I02 (detected voltage V4) increases (see the arrow
(B) in Fig. 7). When the detected voltage V4 increases, the
voltage (Bv7-(V5+PBVv4)) decreases, and therefore the ON duty
width of the PWM signal S2 is narrowed. As a result, the
output voltage V02 decreases (see the arrow (C) in Fig. 7).

20 After the above operation has been repeated, the output
voltage V02 becomes the output voltage VO01. Accordingly,
the output current-voltage characteristic of the second
power device 6 is shifted and the second power device 6
outputs the output current I02 in conformity with the

25 command value (e.g., a current value Il1l), the output current

I02 intersecting the constant voltage characteristic (i.e.,
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20 After the above operation has been repeated, the output voltage V02
.beconmes the output voltage VO1. Accordingly, the output current-voltage
characteristic of the second power device 6 is shifted and the second power
device 6 outputs the output current 102 in conformty with the 25command
value (e.g., a current value Il), the output current 102 intersecting the
constant voltage characteristic (i.e., - 39 - the output current-voltage
characteristic of the first power device 5). On the ot her hand, when
an conmmand val ue that decreases the output current 102 is issued by the
control 5 unit 73 while the output voltage V02 (detected voltage V5) is
constant, dugend easRdentt He1L 988 eHiFr£Medilst ilhrouhpUE iy ettt ggRev7 and
the voltage V8 (= 3(V7-V4)) decrease. Accordingly, since the voltage

(PV7- (V5+PVAJgvidecrdases, the ON duty width of the PWMsignal S2 is
narrowed and the 10 output voltage VOQ2 tenporarily becones | ess than the
out put vol tage VOPR(sé&Bet h@tBrFow RS i nWRFY. 23 ?HW@aggerg?}%ﬁ that

corresponds 55E£%%%§§ig@gbgugggéégﬁggégln§g2vqu§%%ﬁe@ qﬂg Qﬁ%pggnﬁpgiage

V02 of the secon ower devi er nore, en the out put
vol t age sV02 gect easeshi 16t Bre OBLUPPLt CUblLeage 1082 ( dateetedd vobl egge V3)
decreases (see the arrow (E) in Fig. 7). \Wen the detected voltage V4

decr eases, the vohshget(3Ude(\B+rReYDedswrvasebe dwddt aafesite Tlhe Theduty
width of the PAMsignal S2 is wi dened. As a result, fhe ouS?ut voltage V02
i ncr eases (S%%tﬁ%% YQitRge V7 and the voltage V8 (= B(v7-vi decreass.

Accordingly, since the voltage (BV?—(VS+BV4)) decreases, the
ON duty width of the PWM - signal S2 is narrowed and the

10 output voltage V02 temporarily becomes less than the output
voltage V01 (see the arrow (D) in Fig. 7). This operation
corresponds to reduction by a predetermined voltage in the
output voltage V02 of the second power device 6.

Furthermore, when the output voltage V02 decreases,

15 the output current I02 (detected voltage V4) decreases (see
the arrow (E) in Fig. 7). When the detected voltage V4
decreases, the voltage (BV7- (V5+pV4)) increases, and

therefore the ON duty width of the PWM signal S2 is widened.
As a result, the output voltage V02 increases (see the arrow
20 (F) in Fig. 7). After the above operation has been repeated,
the output voltage V02 becomes the output voltage VO1.
Accordingly, the output current-voltage characteristic of
the second power device 6 1is shifted and the second power
device 6 outputs the output current I02 in conformity with
25 the command value(e.g., a current wvalue I0), the output

current I02 intersecting the constant voltage characteristic
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20 (F) in Fig. 7). After the above operation has been repeated, the out put
,voltage V02 becones the output voltage VO1. Accordingly, the output
current-vol tage characteristic of the second power device 6 is shifted and
t he second power device 6 outputs the output current 102 in conformty with
25t he command val ue(e.g., a current value 10)1 the output current 102
intersecting the constant voltage characteristic - 40 - (i.e., the output
current-voltage characteristic of the first power device 5). As
descri bed above, even though the output current-voltage characteristic of
the second power device 6 is 5 shifted, the output voltage V02 of the

second power (gdevi ce thel SoahgRgeta-GRI-Re1dagwi t fhd e-tutiRit vobkagend/OL of
the first power device 5 as before the shifting, and the output current 102
i n which thefotdtpyiowenl tdagec¥02)i s coi ncided to the output voltage VOL is
out putted. 10As the above, when the load current IL is changed, the output
current-vol tage chér fFEHIPEPc FOEacheBEn t kOS8R ortdSpoNeTPHevFEEESBE Tan be

shi fted based on the conmapd val ue fr he control nit 7 . sho in
Fig. 7. Evenv%ﬁ_tae‘?e t ﬁglagﬁfpﬁ 12T e f?\%%‘?agsgecc naofa %%Vewre%st??écv %Zes Eegs

shifteds 15 ${herSQEoONhPBRLuEVHEEa e CAIL Qi PiHe IR PUlveeUAERDEe 102 tO
the DC device 102, the .output current 102 being an output current outputted

when t he outjpuit chah¢aget®¥02oinctifie gank adet eitgputputolrelgeadge VAL beeause
t he output voltage V02 is QhGHQFd to coincide with the outgut vol t age VOL
of the firstf%@ﬂbvﬁﬁw?ﬁaﬁ%%SQ§ as before the shifting, and the output

current I02 in which the output voltage V02 is coincided to
the output voltage V0l is outputted.

10 As the above, when the load current IL is changed, the
output current-voltage characteristic of each of the second
power devices 6 can be shifted based on the command value
from the control unit 73, as shown in Fig. 7. Even after
the output current-voltage characteristic has been shifted,

15 the second power device 6 can output the output current I02
to the DC device 102, the output current I02 being an output
current outputted when the output voltage V02 is the same as
the output voltage V01, because the output voltage V02 is
changed to coincide with the output voltage V01 of the first

20 power device 5.

Accordingly, even when the load current IL changes,
the power supply device 3 can set the output current I02 for
each of the second power devices 6 based on the load current
IL. Furthermore, even when the load current IL changes, the

25 output voltage V02 of each of the second power device 6 1is

made to coincide with the output voltage V01 of the first
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Accordi ngly, even when the load current |IL changes, the power supply device
.3 canh set the output current 102 for each of the second power devices 6
based on the load current IL. Furthernore, even when the load current IL
changes, the 25output voltage V02 of each of the second power device 6 is
made to coincide with the output voltage VOL of the first - 41 - power
device 5, and therefore the output voltage V02 can be maintained at a
constant voltage. As a result, the supply of power to the DC devices 102
can be stably performed. For exanple, as shown in Fig. 5 Fig. 5A
illustrates 5 the output current-voltage characteristic of the second

power devi cepfye@ibFidk B dld ugidralRset RecOblRBLL CUbL eAGe VP2 3880 be
characteristic of the first power device 5. Herein, when 111 as the comand

val ue i s outpaintedirfadomt he com$raht undltaids. t Hes oat pasulkur r en¢ - sobbage
characteristic of the 10 second power device 6 is shifted as indicated by
the arrow i PR RPYSCT tatdet RE gaVpaes cl?P? FR1 R SSRPLNePEEESHBSPover devi ce

6 is increased frogm112 tao %PownF%ﬂ} %ﬂgrgénkggapggrgﬁﬂﬁgt%QEQsthe

Ln
. or_ example, as .
present enbodi nent, "t hé source voltage from Ci ower ‘source AC

that 155 supphd esodpitrabb@rpenervoscdqputdngdateet-neriér it pewer devbee 5,
so that the influence of changes in load attributable to ON and OFF of the

DC devi ces l1peweanddel e ducehdril g hesB upplustafatpswehet outhet DEudeentes 102
can be nore stably perforned. In contrast to this, the supply of 20, power
to the DC deVPterIa (Pa@queigéRcelbl 8 of 4F St PURY SHETEN X-heHEBRAR  cel | s

153 1 CIreghE LR LIP (e Lol ues Sopikedthe ety e Lo
162 when t heygsegondar Heatd@putl 62ut Se#ORARIGIRE@ characteristic of the
10 second power device 6 is shifted as indicated by the arrow
in Fig. 5C, and the output current I02 of the second power
device 6 is increased from Il12 to Il1ll.
Furthermore, in accordance with the present embodiment,
the source voltage from the commercial power source AC that
15 supplies a stable power is inputted to the first power
device 5, so that the influence of changes 1in 1load
attributable to ON and OFF of the DC devices 102 can be
reduced and the supply of power to the DC devices 102 can be
more stably performed. In contrast to this, the supply of
20 power to the DC devices 102 is influenced by solar radiation
when the solar cells 161 is connected to the first power
device 5, while the supply of power to the DC devices 102 1is
influenced by charge status in the secondary battery 162
when the secondary battery 162 is connected.
25 Purthermore, the relationship in which the output

voltage V02 monotonically decreases as the output current

- 42 -



25Furthernore, the relationship in which the output voltage V02
.onotoni cal | y decreases as the output current - 42 - 102 increases in the
second power devices 6 can be easily realized al nost without an increase in
the nunber of parts using the configuration of the first power device 5.
Next, the nonitoring device 7 shown in Fig. 1 will be 5 described in
detail. If the determnation unit 72 determnes that the load current IL is
changed, the control unit 73 of the nonitoring device 7 perforns feedback
control on the adjustnent unit 64 (see Fig. 4) of the second power device 6
(FC converter 6¢) so that the output current loc of 10 the FC converter 6c¢C
S

when the outpyd VYaki-888eyOtn 0k nkhe deneopRicheradis de@ i &dh the EH@?l?ﬁ'
e

163 are connected is made to coincide with the output voltage VOL o

first power dexiteed,atmost obvlcvowp dheictmemed lmadheunnebér| bf pbres
specifically, if the determnation unit 72 15 determ nes that the rate of
change in theSiBAdtRUrGIHIGUTdes Phakla FhresRAEL deécet e control unit
73 shifts the out put. cuEﬁgn%b%gkgage cgggacéegis é&ho;ntpg FC&COQ¥fr gr 6C
by controlling thé aéfus ment anrt 64 S0 that 'tRe out put thirent " Toc 6f the
FC convest er gfscyhiedy t hen oubiphivol t agers 20eNEC abttbgiki comverher 6¢2is
coincided to the output voltage Vol of the first power device 5, can follow

up t he changéetarmimes odwhtc urhreentodd. curdemg A Lf iirsstcheagiedd Cher epnatoer
referred also to as a "followup periqgd") T1 froma point tine when the
| oad current UPEE| 33 cPlander] MoRs B8 dRGWASY ACEi §. Paafporms feedback control

on the adjustment unit 64 (see Fig. 4) of the second power
device 6 (FC converter 6c) so that the output current Ioc of
10 the FC converter 6¢ when the output voltage VOC of the FC
converter 6c to which the fuel cells 163 are connected 1is
made to coincide with the output voltage V01l of the first
power device 5, can follow up the changed load current IL.
More specifically, if the determination wunit 72
15 determines that the rate of change in the load current is
less than a threshold value, the control unit 73 shifts the
output current-voltage characteristic of the FC converter 6c¢
by controlling the adjustment unit 64 so that the output
current Ioc of the FC converter 6c¢ when the output voltage
20 VOC of the FC converter 6c is coincided to the output
voltage V01 of the first power device 5, can follow up the
change in the 1load current IL during a first period
(hereinafter, referred also to as a “follow-up period”) T1
from a point time when the load current IL is éhanged, as
25 shown in Fig. 11A.

Meanwhile, if the determination unit 72 determines



Meanwhile, if the determnation unit 72 determnes - 43 - that the rate of
.change in the load current is equal to or higher than the threshold val ue,
the control unit 73 perforns feedback control on the adjustnent unit 64 of
the FC converter 6¢c so that the output current loc of the FC 5 converter 6¢C
when the output voltage VOC of the FC converter 6¢ is coincided with the
out put voltage VOL of the first power device 5, can be kept constant in a
second period (hereinafter, referred also to as a "holding period") T2 from
the point tinme when the load current IL is changed, as 10 shown in Fig.

11B. After the second period T2 has passed, the control unit 73 shifts the

out put curreptsVoltage, ChasBCLREASE | EnO0EntheckE eqny¥ekt el s 66qhy1 pesferm ng
f eedback control on the adjustnent unit 64 so that the outpu% current |oc

of the FC conveti¢er tBtarcanteol lthwespolfie chahnged dlmad cbhtuwolentinit dudi ng
the first period Ti. The first period Ti is set such that the rate of
change that BeBECHNt Ferrkark Heerhthidbi 91 t Yrof adhes iRt detls ab3Pfathate of
change | ower_t han_ 100 W per. sone ,n.nutes) can be kept.. T i e nt r ol
unit 73 chan@ scpﬁgeFF?Et%Eoﬁ&ﬂ?Qﬁf1%h%ooPﬁ8FPtﬁ3r?% 5 Q%Ecﬁi%dgﬁ?nﬁghe
out put cr r eRbn+ o6 HeCBmdowee bhaputheol bseshadd sralue ol thaveaterof
change in the load current. Accordingly, the control unit 73 can gradually
change the oétputs cugimeritdedoovidgfh ttize FGutpuvervbérage dF9lcorfpatlee forat
change in the load current IL 25in the first period Ti. In this case, the
control uni tP78eEefEViRe i stPePPodeRt t 8PS FageiRaltueS R t RET+3fe of
- 44 - .

(hereinafter, referred also to as a “holding period”) T2
from the point time when the load current IL is changed, as
10 shown in Fig. 11B. After the second period T2 has passed,
the control wunit 73 shifts the output current-voltage
characteristic of the FC converter 6c by performing feedback
control on the adjustment unit 64 so that the output current
Ioc of the FC converter 6c can follow up the changed load

15 current IL during the first period T1.
The first period Tl is set such that the rate of
change that does not reduce the durability of the fuel cells
163 (a rate of change lower than 100 W per some minutes) can
be kept. That 1s, the control unit 73 changes the first
20 period Tl so that the rate of change in the output current
Ioc becbmes lower than the threshold wvalue of the rate of
change in the load current. Accordingly, the control unit.
73 can gradually change the output current Ioc of the FC
converter 6c as compared to a change in the load current IL
.25 in the first period Tl. 1In this case, the control unit 73

sets the first period Tl to a large value when the rate of
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change in the load current is high, and to a small value when the rate of
.change in the |oad current is |ow. The control unit 73 has a
correlation table in which the correlations between the rate of change in
the load 5 current and the first period Ti is set. In the correlation
table, first periods T1l1l have been correlated with respective predeterm ned
ranges of the rates of change in the load current. Alternatively, the
control unit 73 may have a function of calculating the first period T1
based on 10the rate of change in the |load current, instead of the
correlation table. Wien the control unit 73 uses the function, a first

period Ti cappheqdetgr mhred hased,Sedhe; £ ahegRf ehanae i the1l 0ddiue
current. The second period T2 is the period (e.g., sonme 15 mlliseconds -
sone tens ofwhehltiseaordsoft kabnge takesefbvad hmamemputiscdpwent 101 of the
first power device 5 to becone stabilized, and is_fixedly set in advance.
In the neantine, Tet FEEGRLr 3Ritni 1> 7P et eFRTRRS2 EHR {%%1%U%Buwhéﬁprent

|l oc of the FC converter 6c detected 20 .by the curre etection unkt _i.S
hi gher than %ﬁ% ISAd Scarreh Ff%%eﬁnc&he¥o g%?héﬁ%Aﬁﬁ%% %e% eraﬁ% géa hat

the BAT £onvenigenbbagdargessihe seoondary bad tasry. 162 the thhsetaseont he
control unit 73 switches node of the secondary battery 162 from di scharge

nmode to chargebhede, fandtchpegesdast T8 Isedundar ybbe t erpriélaped h wheh
remai ning part of the output current loc of the FC converter 6c deducted by
an respective predetermined ranges of the rates of change in
the load current. Alternatively, the control unit 73 may
have a function of calculating the first period Tl based on
10 the rate of change 1in the load current, instead of the
correlation table. When the control wunit 73 wuses the
function, a first period Tl can be determined based on the
rate of change in the load current.
The second period T2 is the period (e.g., some
15 milliseconds ~ some tens of milliseconds) that it takes for
the output current I01 of the first power device 5 to become
stabilized, and is fixedly set in advance.
In the meantime, if the control wunit 73 determines
that the output current Ioc of the FC converter 6c detected
20 by the current detection wunit is higher than the load
current IL, it controls the BAT converter 6b so that the BAT
converter 6b charges the secondary battery 162. In this
case, the control unit 73 switches mode of the secondary
battery 162 from discharge mode to charge mode, and charges

25 the secondary battery 162 with the remaining part of the

output current Ioc of the FC converter 6c deducted by an
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- 45 - output to the DC device 102. As descri bed above, when the
.supply capability of the fuel cells 163 is high, the control unit 73
charges the secondary battery 162 with the renaining part of the output 5
current loc deducted by the output to the DC device 102, which can prevent
the output of the fuel cells 163 frombeing wasted. As a result, it is
possible to inprove the efficiency of use of the fuel cells 163.
Next, operation of the power supply device 3 in 10 accordance with the
present enbodiment will be described with reference to Figs. 8 to 11. The
operation that is perfornmed when the load current IL increases will be
descri bed belgwuFidStend e bheadcguigent detection unit 70 detects a 15
current value 10 of the load current IL (Si in Fig. 8). \Wen the current
val ue of the outpas descenbelioabofret hehEfL thaveuppty6becapsbilitandof hehe
current value of the output current 101 of the first power device 5 is 12,
10 = i + 12fupbr gLy, Y63 i &S pléfgerr éds g U BRIThdPeafi@rIewhBRet he
20 current val ue of the .l oad rent I%.is changed from 10.to. 15 ee,_ Figs.
114 and 118) SV QTN O ity 2 o PR AGLS B het Tat Pt 8°8F e hange
in the lpad ewrr&t iSceddalicteqaonyhigherotfigi acbhreshald gabiee atostep
S2. Wien the rate of change in the load current is equal 25to or higher
t han the t hrelshohdceal pgsevantstgpe S8utphe of the fuel cells 163 from
being wasted. As a result, it is possible to improve the
efficiency of use of the fuel cells 163.
Next, operation of the power supply device 3 in
10 accordance with the present embodiment will be described
with reference to Figs. 8 to 11. The operation that is
performed when the 1cad current IL increases will Dbe
described below.
First, the load current detection unit 70 detects a
15 current value IO of the load current IL (S1 in Fig. 8).
When the current wvalue of the output current Ioc of the FC
converter 6¢ 1s Il and the current value of the output
current I01 of the first power device 5 is I2, I0 = I1 + I2.
Normally, it is preferred that I2 = 0. Thereafter, when the
20 current value of the load current IL is changed from IO to
I5 (see Figs. 11A and 11B), the determination unit 72
determines whether a rate of change in the load current is
equal to or higher than a threshold value at step S2.
When the rate of change in the load current is equal

25 to or higher than the threshold wvalue, at step S3, the

control wunit 73 controls the FC converter 6c¢, during the
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control unit 73 controls the FC converter 6c¢, during the - 46 - second
.period T2 after the load current IL is changed, so that the output current
loc of the FO converter 6¢c is fixed at the current value li, as shown in
Figs. 9A and Fig. 11B. The current value of the output current 101 of the
first 5 power device 5 increases from12 to 13 such that the change in the
| oad current IL can be followed up, as shown in Figs. 9B and 11B. That is,
15 = li + 13. After the second period T2 has passed, at step S4, the
control unit 73 transmts a conmand value to the FC 10 converter 6c such
that the output current loc of the FC converter 6¢ can foll ow up the change

in the | oad gursentpdls QUrtng khe,fichst 108K Qirlent! RIS CRSKyed! &S
preferred that the command value is set to be a value that returns the
current val uehd tiee wdrart tdierdemtt iTalc odfr rtewrt Feakvevé2tetr 45 thefikest
power device 5 is 0. Furthernore, it is preferred that the command value is
set to be a ¥l tee t TS UFHSS He - c @Fr &CWRaltie F1gSt 0%&napdi Fiat VvaPue

even when t initial current val 12 is val ue ot her _th 1 220),. Wen
The  FC convertbr CRETPREarDEe: KE CafraRtiRar uEUSEoRF onPEnd oot of LRt 75,
the FC convepdfly 6esiid ts fhe-LQUuRUt 1 GHr TeNtwvaht agencharactgei shhegof the
FC converter 6c using the adjustnent unit 64, and supplies the DC devices
102 with an Dutphd Ioad entrreat Baviag be nhghldwste wor res phedgnndgnt Bighe
command val ue. The output current |loc 250f the FC converter 6c¢c increases,

as shown in ¥ @EnA 8B AcEBREI b9l YIS ttheflout gdt- current 101 of the first

power After the second period T2 has passed, at step S4, the

control unit 73 transmits a command value to the FC

10 converter 6c such that the output current Ioc of the FC

converter 6c can follow up the change in the load current IL

during the first period Tl. 1In this case, it.is preferred

that the command value is set to be a value that returns the

current value I2 to 0 when the initial current value I2 of

15 the first power device 5 is 0. Furthermore, it is preferred

that the command value is set to be a value that returns the

current value I2 to an initial value even when the initial
current value I2 is a wvalue other than 0 (I2>0).

When the FC converter 6¢ receives the command value

20 from the control unit 73, the FC converter 6c¢ shifts the

output current-voltage characteristic of the FC converter 6c

using the adjustment unit 64, and supplies the DC devices

102 with an output current Toc Thaving a magnitude

corresponding to the command value. The output current Ioc

25 of the FC converter 6c increases, as shown in Fig. 11B.

Accordingly, the output current I01 of the £first power

- 47 -



- 47 - device 5 decreases. In the present enbodi nent, the command val ue is
.set to be a value such that the current value 12 returns to the initial

val ue. However, the current value 12 does not necessarily need to be
returned to the initial 5val ue. Meanwhil e, at step S2, if the rate of
change in the load current is |lower than the threshold value, at step $4,
the control unit 73 transmts an command value to the FC converter 6¢ such
that the output current loc of the FC 10 converter 6¢ follow up the change
in the load current IL, as shown in Fig. 11A. Wen the FC converter 6c¢C
receives the command value fromthe control unit 73, it shifts the output

current - vol t gge; &has agl@rdsdd L. Ofrrt he G rerRver IaboBe mdat NgthBe cafihssd Ment
unit 64, and supplies the DC device 102 with 15 the current value 14

correspondi ngalwe t he semmmand bealaueraisid hrajut Pt ctine entrf@ac; wslishiold in
Fig. 10A, during the first period Tl after the load current IL is changed.
Al t hough not*&HOWMS i 7P Fip rEAlad yefreir erRYWSHER hdNSo&HTEGRFeliRlTe 12

conpensat ed 5%19, b¥1o§:her%eocuetsoslgri W Bx‘ié'é 19% f@&”&%&%ﬁ?&df' %sFtkpeOV@E'g§%10e S
Accordi ngly, e Ooutput curréent 101" 0f the Tirst power device 5 a e end
of the fgrstyppidod Tl is the current value 12, as shown in Fig. 10B.
It is preferred that the operation that is perfornmed when the | oad current
| L decreases be ctebingbied, t etpetfepr H25si£pshSl rhveSHE |dHangdeheimpehat i on
that is perfornmed when the |load current IL increases. However, when the |oad
- 48 - load current is lower than the threshold value, at step S4,
the control unit 73 transmits an command wvalue to the FC
converter 6c¢ such that the output current Ioc of the FC
10 converter 6c follow up the change in the load current IL, as
shown in Fig. 11A. When the FC converter 6c receives the
command value from the control unit 73, it shifts the output
current-voltage characteristic of the FC converter 6c¢ using
the adjustment unit 64, and supplies the DC device 102 with
15 the current value I4 corresponding to the command wvalue as
the output current Ioc, as shown in Fig. 10A, during the
first period T1 after the 1load current IL 1is changed.
Although not shown in Fig. 11A, a deficiency in the load
current is compensated for by the output current I01 from
20 the first power device 5. Accordingly, the output current
I01 of the first power device 5 at the end of the first
period Tl is the current value I2, as shown in Fig. 10B.
It is preferred that the operation that is performed
when the load current IL decreases be configured to perform

25 steps S1 to S4, like the operation that is performed when

the load current IL increases. However, when the load
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current IL becones very low (i.e., the load current IL becones equal to or
Jower than the lowest Iimt of the variable width of the output current
loc), the current output of the first power device 5 stops (the out put
current 5 101 becones 0) and the output current loc of the FC converter 6c¢C
cannot follow up the load current IL. In this case, it is determ ned that
the output current loc is higher than the load current IL at step S5.
Furthernore, the FC converter 6¢c switches the node of the secondary battery
162 10 to the charge node, and charges the secondary battery 162 with the
remai ning part of the output current |Ioc deducted by the output to the DC

device 102 atyst&ap Séi, becomesf’YvB@?i odivcalhye(i . &he aloddPresglenti MeL
interval) perform ng the operation fromstep Si to step S6, the power 15

suppl y devi cleeSomsn sqtial heecoudbputloouerr ethard ocheo Tmweert t hémthandge even
when the supply capability of the fuel cellls 63 is changed or when the
magni t ude of Vahhlsad védiken?t | Ithes eRBRged.CURETSr e§eF) t i Fd'S nEBFVErti s a

time interval for i a change in_| gad. can be foll d u or,__exanpl e,
Some 20 m | IPLeREnAs CheLerarBrEeT e benes i v ey i ey A or m
the operatiofpf r ya&dz Sio)t Oasbiepb idureak! arhyreft i Nty mMdst eatky Bt her
than the preset tine interval. Wth the present enbodi nent, when the
| oad currentcévestehahgedhnrtdie faldsw per itde Tioaids ceetrehior Ikhi chnt bkeisat e
of 25change in the output current |Ioc of the FC converter 6¢c becones | ower
than a presefas® v I dstdgRed FhatotPpueutPufy current Ioc is higher

than the load current IL at step S5. Furthermore, the FC
converter 6c switches the mode of the secondary battery 162
10 to the charge mode, and charges the secondary battery 162
with the remaining part of the output current Ioc deducted
by the output to the DC device 102 at step S6.

By periodically (i.e., at a preset time interval)
performing the operation from step S1 to step S6, the power
15 supply device 3 can set the output current Ioc to cover the
change even when the supply capability of the fuel cellls 63
is changed or when the magnitude of the load current IL 1is
changed. The preset time interval is a time interval for
which a change in load can be followed up (for example, some
20 milliseconds). Furthermore, the power supply device 3 may
perform the operation from step S1 to step S6 irregularly or

intermittently other than the preset time interval.
| With the present embodiment, when the load current IL
is changed, the first period Tl is set for which the rate of
25 change 1in the output current Ioc of the FC converter 6c

becomes lower than a preset value. Accordingly, the output

- 49 -



current loc of the FC converter 6¢ which uses the fuel cells 163 as an
. nput power source gradually changes and follows up the |oad current IL,
conparing to the load current IL. In this case, even when the follow up of
the fuel cells 163 5 is late, the first power device 5 that uses the
commerci al power source AC as an input power source can supplenent the | oad
current IL while the output current loc of the FC converter 6¢ is follow ng
up the load current IL. As a result, the power supply device 3 can
gradually 10 supply a DC power to the DC devices 102 by gradually
i ncreasing the output and finally the output current 101 of the first power

device 5, thafirisnt tIe RAVRHCEASUBRYE PR A s @Nvifiers Y@M nearube BN g zed,
t hereby reducing environnmental |oad and el ectricity expenses. Although the

15 out put curé®nésl en dopstnpbwhaveouocbegmadealbyhaengde suodr énlleasue

identical to that of the changed | oad current |IL when the_ output current
loc of the FePcbRVerlPef 6MTESRFod uFIWEILEad CurtEsnt 1933 FEr¥etr &kerabl e

that the OUtpt gl Sl | R DR e et MR NG dontieal b9 LhaL, of (20t he

changed | oad current h accordance t he present e I ment,
the firsgg pegiodadé, i shsekitorapbregequal be whenathaseat enef cohasgeian the
| oad current is high so that the output current lIoc of the FC converter 6c¢C
i s gradual | ypehengeehconpst et tan thobglrsge somricke choaguppiesant | theuri ng
the first period Ti. Therefore, ;an abrupt change in the output current of

the - 50 - }0R%- CHFepbwetl debile &Af bRumite CORPEBEelRPDrbertisd Huring
et by OB AL RS reresRp Astection In the

As a result, the power supply device 3 can gradually

10 supply a DC power to the DC devices 102 by gradually
increasing the output and finally the output current I01 of
the first power device 5, that is, the power consumption of
an AC system, can be minimized, thereby reducing
environmental load and electricity expenses. Although the

15 output current Ioc does not have to be made to have the
current value identical to that of the changed load current
IL. when the output current Toc of the FC converter 6c
follows up the load current IL, it is preferable that the
output current Ioc has a current value identical to that of

20 the changed load current IL.

In accordance with the present embodiment, the first
period Tl is set to a large value when the rate of change in
the load current is high so that the output current Ioc of
the FC converter 6c 1is gradually changed compared to the

25 change in the load current IL during the first period T1.

Therefore, an abrupt change in the output current of the
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Further, in accordance with the present enbodinent, in 5 the case of a
.gradual change in the load current IL, the output current loc of the FC
converter 6¢c is changed fromthe start, while in the case of an abrupt
change in the load current IL, the output current loc of the FC converter
6Cc i s kept constant during the second period T2 after the load 10 current
IL is changed so that a change in load is tenporarily absorbed by first
power device 5, and then the FC converter 6¢ follows up the load current IL
by changing its output current loc, thus finally achieving the power

bal ance of the DC devices 102. 15Furthernore, in accordance with the

present enbog gente1 1 NGosREONGLPERId 08212 hS RISdet 86@?@&%3} PG ented
mlliseconds - sonme tens of mllisecond. Thus, since the output current |oc

of the FC coaveiter tbe ifsrchangedodhiTi ttieeongeyr atudthef bshepfessingponer
device 5 is not stabiljzed due to a change 20 in the load current IL. As a
result, it i5°PeSEid et &h5r SveRPiLaky ngt athonigial meldst itb3t he out put of

the first power deyi 5 becones stabiliz nd to suppl re stable
bover 1o the DC dereis 105 REGRMEReE: (Fet J2FE S e sty Befbactfy
25det eripr at ede WagBet kg QUt HAGRONCEN LR SEUEAL [theCha@e ScutfeACCor dapge Wi th
t he present enbodi nent, when the output - 51 - current loc of the FC
converter 6cobeporesuhrger Ibhawft hde dd cunvearited Ledbetauskbanfed feducti on

in the load current IL, the secondary battery 162 is charged with the
remai ni ng paffeoftife ottigd EuthEnEaFBcOL s t MREURtheSTRMGSuL T £6fh LRaA

current IL, the output current Ioc of the FC converter 6c is
kept constant during the second period T2 after the 1load

10 current IL is changed so that a change in 1load is
temporarily absorbed by first power device 5, and then the
FC converter 6c¢ follows up the load current IL by changing
its output current Ioc, thus finally achieving the power
balance of the DC devices 102.

15 | Furthermore, in accordance with the present embodiment,
the second period T2 is predetermined at some milliseconds ~
some tens of millisecond. Thus, since the output current
Ioc of the FC converter 6c is changed while the operation of
the first power device 5 is not stabilized due to a change

20 in the load current IL. As a result, it is possible to
prevent taking a long time until the output of the first
power device 5 becomes stabilized, and to supply more stable
power to the DC devices 102.

Meanwhile, the fuel cells 163 may be easily

25 deteriorated when the output power frequently changes. in

accordance with the present embodiment, when the output

- 51 -



5 fuel cells 163 can be constantly maintai ned, thereby preventing the fuel
.cells 163 from being deteriorated. (Enbodi nent 2) A power supply
device 3 in accordance with a second enbodinent is different fromthe power
supply device 3 of 10 the enbodinent 1 in that, when the load current IL

i s changed, the current value of the output current loc of the FC converter
6¢c is always kept constant regardless of the rate of change of the | oad
current IL during the second period T2, as shown in Fig. 11E. 15In the
present enbodinent, if the determ nation unit 72 determ nes that the rate
of change in the load current IL is changed, the control unit 73 perforns

feedback contgplen ihe &€ tigd MBAL U ErB4r OF c t BEchike £ ORVGL LT £84n SEné hat
the output current loc of the FO converter 6¢c can be kept 20 constant

during a secooad peurwehtl2Tlaf becatdre dDad ceduenton Linstbhahged. cAftentt he
second period T2 has passed, the control unit 73 shifts the output
current-vol t Bge ehfar eI Pftae WC donvErErerdewib) pBEf BRRAAGLINY

f eedback control on t.he adjustnent unit 64 so a e outpu urre 251 oc
can follom1U%a¥%e°€h%%%éjq#3§H(%ﬁngﬁt&Pf’dﬁpi%%a%h%g iPE%B%%r?5é£T$$e- 52

- 5 Fupkdier,cémd he gy esem %‘é)od&df&rttanttlge flafist aRAEEOD Thelsbpet
such that the rate of change w thout causing reduction in the durability of
the fuel celpseddSR iy ghe duedt eedlschahgeraguaingo detekromeateédan 100 W per
sofe (Embodiment 2)
A power supply device 3 in accordance with a second
embodiment is different from the power supply device 3 of
10 the embodiment 1 in that, when the 1load current IL is
changed, the current value of the output current Ioc of the
FC converter 6c¢ 1s always kept constant regardless of the
rate of change of the 1load current IL during the second
period T2, as shown in Fig. 11B.
15 In the present embodiment, if the determination unit
72 determines that the rate of change in the load current IL
is changed, the control unit 73 performs feedback control on
the adjustment unit 64 of the FC converter 6c so that the
output current TIoc of the FC converter 6c can be kept
20 constant during a second period T2 after the load current IL
is changed. After the second period T2 has passed, the
control unit 73 shifts the output current-voltage
characteristic of the FC converter 6c by performing feedback
control on the adjustment unit 64 so that the output current

25 Ioc can follow up the changed load current IL during the

first period T1.
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5 mnutes) can be kept, as in the enbodinment 1. That is, the control unit
.73 varies the first period Ti so that the rate of change in the output
current loc becones |ower than the threshold value of the rate of change in
the |l oad current and, accordingly, the output current loc of the FC
converter 10 6c¢ gradually changes conpared to the change in the | oad
current IL during the first period Ti. In this case, the control

unit 73 sets the first period Ti to a |arge value when the rate of change
in the load current is high, and to a small value when the rate of 15.
change in the load current is low The second period T2 is the period that

it takes for the eytpHtrcurphenthel QrerdthesdiddinpRvertidevi £es®d perbegonme
stabilized (sone mlliseconds - sone tens of mlliseconds), and I1s fixedly

set in advance. iNexdéet t bechpertett onhef Harwe poferchsmppl widewiwde Sausing
20accordance with the present enbodinment will be described with reference

to Figs. 9 t®edUCtiTHe Bpethtt | $#F thiat GYs Perflest nBtP Whed thelfbatt clirr et | L
noreases WLLES SSSbis TR o o aovB LSl Skt BN e,
a currerf vahue st hearPWdUteUr Nt ahOferdiRimEneonver test 6€sj sthé - 53
- and a current value of the output current 101 of the first power device
5is 12, 10 contircl hthitNoriratdnies tthies fgretepeedothdl $2 that Whenrabhe
current value of the load current IL is changed from10 to 15 (see Fig.
113), the of change in the output current Ioc becomes lower than thé
threshold wvalue of the rate of change in the load current
and, accordingly, the output current Ioc of the FC converter
10 6c gradually changes compared to the change in the 1load
current IL during the first period T1.
In this case, the control unit 73 sets the first
period Tl to a large value when the rate of change in the
load current is high, and to a small wvalue when the rate of
15 change in the load current is low. The second period T2 1is
the period that it takes for the output current I01 of the
first power device 5 to become stabilized (some milliseconds
~ some tens of milliseconds), and is fixedly set in advance.
Next, the operation of the power supply device 3 in
20 accordance with the present embodiment will be described
with reference to Figs. 9 to 11. The operation that is
performed when the load current IL increases will be
described below.
First, the load current detection unit 70 detects a

25 current wvalue I0 of the load current IL. When a current

value of the output current Ioc of the FC converter 6c is Il



5 control unit 73 controls the FO converter 6c¢ during the second period T2
.after the load current IL is changed, to output the output current |oc
fixed at the current value li, as shown in Figs. 9A and Fig. 113.

Meanwhi | e, the current value of the output current 101 10 of the first
power device 5 follows up the change in the load current IL and increases
froml1l2 to 13, as shown in Figs. 93 and 11B. In this case, 15 =1i + 13.
After the second period T2 has passed, the control unit 73 transmits to the
FC converter 6¢c a command value 15 directing that the output current |oc of
the FC converter 6¢c follow up the change in the load current IL during the

first periodyJj., Fohr£X200L81 ud Ns CORTBRGE: M@t ey PR DEr &1 Va# Uend hat rget urns
the current value 12 to O when the initial current value 12 of the first

power devi cepdwés Qev2B0eAld etibativel yp whemiarni niti al Nownaehy, valkueid? is

a value other than 0 (12>0), the command val ue may be a val ue that_returns
the current REGIRITER thatheld nitPal Wegmiethe curregienvahiee Fet coh®etPt 6¢

receives the co nd_val.ue fromthe_contrgl unif_7 it shift he put
current- ZSV%TJf%edngt cﬁér aét e?}?%}qego?r?rﬁe&gct@on%sergg?eGCEsl@sii nfglEE)He eHe
adj ust ment  unbdc B andesuppl £6sc thes DendeviCesodPervit hed -adimg eHéput

current loc having a nmagnitude corresponding to the
second period T2 after the load current IL is changed, to
output the output current Ioc fixed at the current value I1,
as shown in Figs. %A and Fig. 11B.
Meanwhile, the current value of the output current I01
10 of the first power device 5 folléws up the change in the
load current IL and increases from I2 to I3, as shown in
Figs. 9B and 11B. In this case, I5 = Il + I3. |
After the second period T2 has passed, the control
unit 73 transmits to the FC converter 6c a command value
15 directing that the output current Ioc of the FC converter 6c
follow up the change in the load current IL during the first
period T1. For example, the command value may be a value
that returns the current value I2 to 0 when the initial
current value 1I2 of the first power device 5 1is 0.
20 Alternatively, when an initial current valﬁe I2 is a value
other than 0 (I2>0), the command value may be a value that
returns the current value I2 to the initial value.
When the FC converter 6c receives the command value
from the control wunit 7232, it shifts the output current-
25 voltage characteristic of the FC converter 6c using the

adjustment unit 64, and supplies the DC devices 102 with a



command val ue. Thus, the output current loc of the FC converter 6cC increases
.as shown in Fig. 11B.In the neantine, the output current 101 of the first
power device 5 5 decreases. In the present enbodi nent, the command val ue is
a value returning the current value 12 to the initial value. However, the
current value 12 may not return to the initial value. The operation that is
performed when the |oad current 10 IL decreases is the sane as the
operation that is performed when the |oad current IL increases. However,
when the load current IL beconmes very low (that is, the load current IL
beconmes equal to or lower than the lowest Iimt of the variable w dth of

the output cysfeit lOLlent NEoCURLENES 12 AHLRAYELQE EBeriipsta odenice 5
stops (the output current 101 becones 0) and the output current loc of the

FC convert ercéemaxahnotlcenpl eriehy, f ahkovwouyputhechoadncurmcent of L.the FC
Accordingly, the output current loc becones higher than the |load current
| L. Then, theoFCEEHRIvetCer 1BErsafeThes t BEOFD nbde B9t hélBecondarythattery

162 to charge rode, a char%p t he secopdar battery 162 with .the
Formal i ng. paTERgt %o O BUELESr FARFoR Dol HbdiE LRt By Soe PRIEPUESTSEhE D
device 102. gecreases. A8 INeLAROGLJIABREOT €BBCEMInARG L HE1RE s8Nt
25enbodi nent, when the load current IL is changed, the FO converter 6c¢C
usi ng the fuel vebhd sretfidraigamhenputrpoweratudbi2 to the initial value.
However, the current value I2 may not return to the initial
value.
The operation that is performed when the load current
10 IL decreases is the same as the operation that is performed
when the load current IL increases. However, when the load
current IL becomes very low (that 1s, the load current IL
becomes equal to or lower than the 1lowest 1limit of the
variable width of the output current TIoc), the current
15 output of the first power device 5 stops (the output current
I01 becomes 0) and the output current Ioc of the FC
converter 6c¢ cannot completely follow up the load current IL.
Accordingly, the output current Ioc becomes higher than the
load current IL. Then, the FC converter 6c switches the
20 mode of the secondary battery 162 to charge mode, and
charges the secondary battery 162 with the remaining part of
the output current Ioc deducted by the output to the DC
device 102.
As described above, 1in accordance with the present
25 embodiment, when the load current IL is changed, the FC

converter 6c¢ using the fuel cells 163 as an input power



source, is controlled to follow up the load current IL by gradually
.changing the output current loc thereof conpared to the change in the | oad
current IL. Further, even when the followup of the fuel cells 163 is late,
the first power 5 device 5 using the commercial power source AC as an input
power source can supplenent the output current while the output current |oc
of the FC converter 6¢c is followng up the load current IL. As a result,

t he power supply device 3 can supply a DC power to the DC devices 102 by
gradually 10 changing the output current and finally the output current 101
fromthe first power device 5, that is, the power consunption of an AC

system can bg, o mzedont DT €Dy ESd'fgi(J_J@Sweﬁ‘léi et Loadandr, by

el ectricity expenses. Further, in accordance with the present enbodi

15 when the §paduLlry echanding ehangethut heuséput 16dr caBreboC cohphhed FC
converter 6¢ is controlled to follow up the load current IL after the
second peri odoT2hRashpagsedn tiie elsadpreveraitnglh he Butphar cugyemt whee of

the FC converter_6c¢c frombein a%%u pl ha ged.at t he ne _ti as the
| oad 20curre ?elfof¥mﬁﬁﬁh§§hF%FE 8@|ﬁéﬁ§53¥ 318 l§§fbo%§F SapEFyPaBYT ce 3
i n accorgancgew ¢ §”u%€9?dk%ﬁnkd%ﬂe§cqhﬁf%kﬁ@& fdRMcthe paner 5 suppbye
device 3 of the enbodinment 1 in that there’is provided a second period 25T2
for which theowett pgbuener enin | cpwlendree FEheooueptier danrrenitkegtilconshant . -
>6 - output current Ioc of the FC converter 6c¢ i1s following up
the load current IL. As a result, the power supply device 3
can supply a DC power to the DC devices i02 by gradually
10 changing the output current and finally the output current
I01 from the first power device 5, that is, the power
consumption of an AC system, can be minimized, thereby
reducing environmental load and eiectricity expenses.
Further, in accordance with the present embodiment,
15 when the load current IL is changed, the output current Ioc
of the FC converter 6¢ is controlled to follow up the load
current IL after the second period T2 has passed, thereby
preventing the output current Ioc of the FC converter 6c
from being abruptly changed at the same time as the load
20 current IL is changed.
(Embodiment 3)
A power supply device 3 in accordance with an
embodiment 3 is different from the power supply device 3 of
the embodiment 1 in that there is provided a second period

25 T2 for which the output current Ioc of the FC converter 6c

is kept constant.



The control unit 73 of the present enbodi nent shifts the output
.current-vol tage characteristic of the FC converter 6c¢ by controlling the
adj ustnment unit 64 so that the output current loc of the FC converter 6¢C
follows up a 5 change in the load current IL, during a first period Ti
after the load current IL is changed, regardl ess of the determ nation of
the determnation unit 72 on whether or a rate of change in the | oad
current is lower than the threshold value, as shown in Fig. 11A As a
result, the 10 output current loc of the FC converter 6c gradually changes
fromthe point tine when the load current IL is changed, and then follows
up the load currefhel leontrol unfWl theryorenei pribendr essbliwepodiaents the
first period Tl is set such that the rate of change w thout 15 causing
reduction inthde ducpbtli topreentheolueye celkhard68efiesgic aofat eelsf change
equal to or |lower than 100 Wper sone mnutes) can be kept, as in the
enbodi ment 1COTYRELSS, 6¢ hey cEARFHPLLHIG 7% vadiestnae fytidt §erfodtiRtso

that the ratenof sehangecin the pULDYE oL ent Loc.becores Lover, Lhap 20the

t hreshol d va e rate of change int oad current. Accordi , the
out put ourreghahpe oh the Flog@nvartent 6argr adualdy shanges gumpyedrio the
change in the load current IL during the first period Tl. In this case, the

control unitafBesetset hidd rstrpent odLTiig ochahgede 2%galrdéemberpft heheat e
of change in_the load current is high, and to a small val ue when the rate
of change i ndt¢HerMigiarions L thyrderiiaatgyn unit 72 on whether or a

rate of change in the load current is lower than the
threshold value, as shown in Fig. 11A. As a result, the
10 output current Ioc of the FC converter 6c gradually changes
from the point time when the load current IL is changed, and

then follows up the load current IL.
Furthermore, in the present embodiment, the first
period Tl 1is set such that the rate of change without
15 causing reduction in the durability of the fuel cells 163
(e.g., a rate of change equal to or lower than 100 W per
some minutes) can be kept, as in the embodiment 1. That is,
the control unit 73 varies the first period Tl so that the
rate of change in the output current Ioc become§ lower than
20 ° the threshold wvalue of the rate of change in the 1load
current. Accordingly, the output current Ioc of the FC
converter 6c gradually changes compared to the change in the
load current IL during the first period Tl. 1In this case,
the control unit 73 sets the first period Tl to a large
25 value when the rate of change in the load current is high,

and to a small value when the rate of change in the load
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As descri bed above, in accordance with the present enbodi nent, even when
.there is not provided the- second period T2 for which the output current
loc of the FC 5 converter 6¢ is kept constant when the load current IL is
changed, the operation of the fuel cells 163 is not abruptly changed,

t her eby suppressing reduction in the durability of the fuel cells 163.
(Enbodi nent 4) 10A power supply device 3 in accordance with an enbodi nent 4
is different fromthe power supply device 3 of the enbodinment 1 in that,
only when the rate of change in the |oad current is equal to or higher than
a threshold val ue, the second period for which the output current loc of 15
the FC convegierrfC 1S 1kgpt constant is not provided and the rate of change
in the output current loc of the FC converter 6¢ is controlled to becone

| ower than a presas vadam;ilkdder @byveausnngaedherdutqeut wouhr drite | pcesent ol | ow
up the load current IL. 20Furthernore, the present enbodinment is different
fromthe enbdRIBHEE i nSRRRcHESFhehRERE rift e PO cREAGEISH (HE | BRTTTr r ent

s equal to gr. pigher than tye v esol dyuglue. bheoutpul Gurreqt ofcan FC

converter cpntrol éd to becone | ower than thres val'ue of the
rate of schangenwbidest hee | 0adkeper eBhsdunt ngnthe thier Stoagerdatentd @ is

determnation unit 72 determnes that the rate of - 58 -
changed, the operation of the fuel cells 163 is not abruptly
changed, thereby suppressing reduction in the durability of
the fuel cells 163.
(Embodiment 4)

10 A power supply device 3 in accordance with an
embodiment 4 is different from the power supply device 3 of
the embodiment 1 in that, only when the rate of change in
the load current is equal to or higher than a threshold
value, the second period for which the output current Ioc of

15 the FC converter 6c 1s kept constant is not provided and the
rate of change in the output current Ioc of the FC converter
6c 1s controlled to become 1lower than a preset value,
thereby causing the output current Ioc to follow up the load
current IL.

20 Furthermore, the present embodiment is different from
the embodiment 3 in which, when the rate of change in the
load current is equal to or higher than the threshocld value,
the output current of an FC converter 6c 1s controlled to
become lower than the threshold wvalue of the rate of change

25 in the load current during the first period.

If a determination unit 72 determines that the rate of



change in the load current is equal to or higher than the threshold val ue,
.the-control unit 73 of the present enbodi nent sets the first period Ti so
that the rate of change in the output current |loc becones |ower than the 5
preset value of the FC converter 6c¢. The preset value may be the threshold
value of the rate of change in the load current, or a value smaller than
the threshold value. The control unit 73 shifts the output current-voltage
characteristic of the FC converter 6¢c by controlling the 10 adjustnent unit
64 of the FC converter 6¢c so that the output current loc of the FC
converter 6¢ follows up the load current IL during the first period Ti
after the |ogd,caurent chl heaghangednt Meanwhilg, dd dhendatar mpali oRe unit
72 determines 15 that the rate of change in the load current is |ower than
t he t hreshol thvedhueld t healeent r aheunidonE3odoesnhot perf ofm sheh ppesabt on.
That is, if the rate of change in the load current is |ower than the
threshol d vafWeodinrntconetdl thai tfiZ3tcoPe¥ S A diUebhde BBEorm#theCtat e
of change in the 20, %Fﬁu rrent o& %Qe]FC cgnverterllomer than %
threshol d vaf u& Hur itRg te ?u BY* pé&tiod: oC BPROTHE BPESEnt ot Frent |
the first pepigsedivitusesr sugh thatohbertatesof chaagsrubihousl caUsANY
reduction in the durability of the fuel cells 163 (e.g., a rate of change
25equal to opel oher thrashd08 Wepee sﬁhetmﬂnnaES)oéawhb@ghepn1 @we | hoadhe

enbodi ment 1. That is, the control unit 73 va -_the_first period
Ti so that tﬁ%r¥%ﬂ%¥cﬁrcﬁaﬁgéu?nsﬁﬁél%ﬁtEﬁﬁncﬁhﬁeﬁpr?BEOBQCBﬁége}omE €t han
t he t hreshol o] e rate o th C _ ngly,
t he out put cgrrga Io%ng? chBFC:%%hverterhgc Su{ |y gﬁ%%é&séggeggé

characteristic of the FC converter 6C by' controlling the
10 adjustment unit 64 of the FC converter 6c so that the output
current Ioc of the FC converter 6c follows up the 1load
current IL during the first period Tl after the load current
IL is changed.
Meanwhile, if the determination wunit 72 determines
15 that the rate of change in the load current is lower than
the threshold wvalue, the control unit 73 does not perform
such operation. That is, 1f the rate of change in the load
current is lower than the threshold value, the control unit
73 controls in order to become the rate of change in the
20 output current of the FC converter lower than the threshold
value during the first period.

In the present embodiment, the first period T1 is set
such that the rate of change without causing reduction in
the durability of the fuel cells 163 (e.g., a rate of change

25 equal to or lower than 100 W per some minutes) can be kept,

as in the embodiment 1. That is, the control unit 73 varies
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5 conpared to the change in the load current IL during the first period
.Ti.~In this case, the control unit 73 sets the first period Ti to a |large
val ue when the rate of change in the load current is high, and to a small
val ue when the rate of change in the load current is | ow 10As descri bed
above, in accordance with the present enbodi nrent, when the rate of change
in the | oad current has becone equal to or higher than the threshold val ue,
the first period Ti is set such that the rate of change in the out put
current loc of the FC converter 6¢c becones |lower than 15 the preset val ue
during the first period Ti. Thus, the FC converter 6c¢ using the fuel cells

163 as an inpyt PO’ ouige Thokbowaadpchberdnad, cwH ek hh Rhegbadyat!y
changi ng the output current loc of the FC converter 6c conpared to the

change in theutoatt cuoe ebecbhes Thewet ort@ant htheoperadshon d207a lafe tde thel
cells 163 is not abruptly changed, thereby suppressing reduction in the
durabi l ity ofathecf ydrangdg |ig . 1load curfpgpt herAccrei "BRGughRehe8UEBYF ow up

of the fuel cells 16§ﬁ%s | ate, .the irstmt,)or rrdeviceI%dp%EQ thﬁ 0
commerci al 25PoWEt” s (%eC%C &&8%an"nptit p%&%? sout c&1ES sugplgn%n?e%he
| oad curg ent c¥hbd £d heo OwhBUt W ety | 86 Ofi chRe cubEentblr a&ONNMErERE 6C
is followng up the load current IL. Therefore, the power supply device 3
can supply afiXspoweridd Tthe DE devs cessd 02 e tdorarsaivomhtf GBl eweapthe
Meanwhi | e, WP:?rnst:E he lfiatde Tolf tcohaa\ngleari r(]a tvgeluleoevcliqe%uq:li'lgngrate of change in
perio ge | g

the load current is high, and to a small value when the rate

of change in the load current is low.

10 As described above, in accordance with the present
embodiment, when the rate of change in the load current has
become equal to or higher than the threshold wvalue, the
first period Tl is set such that the rate of change in the
output current Ioc cof the FC converter 6c becomes lower than

15 .the preset value during the first period Tl. Thus, the FC
converter 6c¢ using the fuel cells 163 as an input power
source follows up the load current IL by gradually changing
the output current Ioc of the FC converter 6c compared to
the change in the load current IL. Therefore, the operation

20 of the fuel cells 163 1is not abruptly changed, thereby
suppressing reduction in the durability of the fuel cells
163.

Further, even though the follow-up of the fuel cells
163 is late, the first power device 5 using the commercial
25 power source AC as an input power source can supplement the

2

load current while the output current Ioc of @ the FC
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5is lower than the threshold value, the output current loc of the FC
,converter 6¢ is imedi ately changed to follow up the |oad current IL, so
‘that the output current 101 of the first power device 5, that is, the power
consunption of an AC system can be m nim zed, thereby reducing
environmental 10l oad and el ectricity expenses. (Enbodi nent 5) A
power supply device 3 in accordance with an enbodinent 5 is different from
t he power supply device 3 of the enbodinent 4 in that there is provided a
second period 15 T2 for which the output current loc of an FC converter 6c¢C
is kept constant. Furthernore, the power supply device 3 of the enbodi nent

5 is differemtnfd ot e H%W%'blﬁklﬁ@h devige ol dhesnbaod] medhetetHrd hat

t he power supply device 3 of the enbodinent 5 perforns control so that the
rate of changee i porér t BepOLy piév e r entanf supplfCacmaverdwer 6o becones

| ower than a preset value during the first period if the rate of change in
the | oad curfefitcss lguaiithoaopmAPghetotIRT WP t hr eshol d val ue, while the
power supply devige 3 of.the enmbodi ment 1 rfaorns contral .so.that the rate
of change in the ﬁ83awgﬁ%%fr¥ﬁﬁnﬂ%€%ﬁ§§xi6&2Fhﬁﬁgﬁ %HeEﬁﬁr%8ﬁ8|8u55 e
during tshe fjigsioperi@fn thelthreshold vafud herdetRipuRaku@ReHpl tod2of
determ nes that the rate of change in the load current is equal to or

hi gher than the rdreshodmtearalame,id henrediittell yuehting8dofot hel powsemnt the
enbodi ment does not imrediately control the output current 5 loc of the FC
converter 6cl®3 fHIHRIUFLL hEC] BAL cERe ePHERYL AHTFESENEPSI §Tt hBSaff T8t nent

uni t 64 of the FC gopyerter 66,50 that 4he ouaut GULLEN, LOCoES Keplo

constant during a sepon% péri o 2 after t Oad curr changed.
After the Se§§9§‘t§jenp,er ad T hasnpassed, thR ot robdsds 73nvironmental

10 load and electricity expenses.

(Embodiment 5)

A power supply device 3 1in accordance with an
embodiment 5 is different from the power supply device 3 of
the embodiment 4 in that there is provided a second period

15 T2 for which the output current Ioc of an FC converter 6c is
kept constant. Furthermore, the power supply device 3 of
the embodiment 5 is different from the power supply device 3
of the embodiment 1 in that the power supply device 3 of the
embodiment 5 performs control so that the rate of change in
20 the output current of the FC converter 6c¢ becomes lower than
a preset value during the first period if the rate of change
in the load current is equal to or higher than a threshold
value, while the power supply device 3 of the embodiment 1
performs control so that the rate of change in the load
25 current becomes lower than the threshold wvalue during the

first period.
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10 shifts the output current-voltage characteristic of the FC converter 6c¢c
,So0 that the rate of change in the output current of the FC converter 6c¢
becones | ower than a preset value by controlling adjustnent unit 64 and
finally the output current loc of the FO converter 6c¢ follows up the

15changed load current IL during the first period Ti. The second
period T2 is the period that it takes for the output current 101 of the
first power device 5 to becone stabilized (sonme mlliseconds - sone tens of

mlliseconds), and is fixedly set in advance. 20Furthernore, in the present
enbodi nent, the first period Ti is also set such that the rate of change

W thout causing r%@U"‘cth'eo'&e‘t@rﬁt*ﬂﬁag%ﬁb{;hit&y79f abPerhusls cehls éﬁi ka-Late

of change equal to or lower than 0 Wper sone mnutes) can ept, as in
the enmbodi nest dhardwtid $hel fLo28i burSeﬁi‘etﬂé nedqed. tdmtort e ghatetbénchiadge in
the load current IL is equal to or higher than the threshold value, the -
62 - controthigsholr \/Vér?\f iUes tﬁélefl rc§t'lt|§é>ﬁ~| odnFf 583t hat tﬁéerapéeéﬁn’ehange
in the output rent c becones o t an the eset of the rate
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the FC convefderofcin EQf%%‘zﬁ%‘eE)‘.e?h@Bg‘éé £01P3k efh i d heehangeehp the | oad
current IL during the first period Ti. In this case, the control unit 73

sets the firstdpeonodolls tloe aadprgenars uenias dheof atiee oFCchangerter t e | oad

current is high, and to a small value as the rate of change in the | oad

current is |®W thet Aéledéé‘ttrﬂkﬁedc%’tﬁfét ?Waééoﬁ‘@é’ﬁcé%stqﬁftthedﬁﬂé&n%

enbodi nent the 0 tg}ut CHrrzﬁ] QS of the FC.converter E |s ke L_gonstant
T2 “af tae fhetS

during the SBcOnt Flré Ocazlgr rent TL is change %%d

Z][t?nge in thﬁfﬂ:@@dthé Lass it geeoys! v2 ah§9rgegs@ey t e f LSt rdOVERRidleysce 5.
o 10 shifts the output current-voltage characteristic of the FC
converter 6c so that the rate of change in the output
current of the FC converter 6c¢ becomes lower than a preset
value by controlling adjustment unit 64 and finally the
output current Ioc of the FC converter 6c follows up the
15 changed load current IL during the first period T1.

The second period T2 is the period that it takes for
the output current I01 of the first power device 5 to become
stabilized (some milliseconds ~ some tens of milliseconds),
and is fixedly set in advance.

20 Furthermore, in the present embodiment, the first
period Tl is also set such that the rate of change without
causing reduction in the durability of the fuel cells 163 (a
rate of change egual to or lower than 100 W per some
minutes) can be kept, as in the embodiment 4. That is, if

25 it is determined that the rate of change in the load current

IL 1s equal to or higher than the threshold wvalue, the
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15 that, the FC converter 6¢c is controlled to follow up the | oad current
.I'L by changing the output current loc of the FC converter 5, thus finally
achi eving the power bal ance with the DC devices 102. Furthernore,

enbodi nent s

change in the |l oad current. However, if the output current loc can be

gradual |y changed conpared to a change in the | oad current

| oad current

in the
1to5, the first 20period Ti varies depending on the rate of

| L even when the
IL is changed to the maxi mum range of load current IL, the

first period Ti does not need 25to be variable. Accordingly, in a nodified
he enbodinents 1 to 5, the first period Ti may be fixed within

exanple of t
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the change in the | oad current even when the | oad current

conmpared to.
I s changed t

10

15

20

25

of t Aran@gx i iunthangetput current Ioc becomes lower than the
preset value of the rate of change in the load current and,
accordingly, the output current Ioc of the FC converter 6c
gradually changes compared to the change in the load current
IL during the first period Tl. 1In this case, the control
unit 73 sets the first period Tl to a large value as the
rate of change in the load current is high, and to a small
value as the rate of change in the load current is low.

As described above, 1in accordance with the present
embodiment, the output current Ioc of the FC converter 6c is
kept constant during the second period T2 after the load
current IL 1is changed and a change in the 1load 1is
instantaneously absorbed by the first power device 5. After
that, the FC converter 6c 1s controlled to follow up the
load current IL by changing the output current Ioc of the FC
converter 5, thus finally achieving the power balance with
the DC devices 102.

Furthermore, in the embodiments 1 to 5, the first
period Tl varies depending on the rate of change in the load
current. However, 1f the output current Ioc can be
gradually changed compared to a change in the load current
IL even when the load current IL 1s changed to the maximum
range of load current IL, the first period Tl does not need
to be variable. Accordingly, in a modified example of the

embodiments 1 to 5, the first period Tl may be fixed within

L



Furthernore, in another nodified exanple of the 5 enbodinents 1 to 5, the
first period Ti may be fixed wthin the range that can suppress reduction
in the durability of the fuel cell 163. Mre specifically, even when an

out put power fromthe fuel cells 163 changes fromthe m ninumrated power
to the maximumrated power, the first period Ti is 10 fixedly set to the
time period in which the rate of change in the output current loc of the FC
converter 6¢c becones | ower than the above-described threshold value or the
i ke. Furthernore, in still another nodified exanple of the
enbodiments 1 to 5, the second period T2 may be fixed at 15 sone tens of

seconds - SOfE. MAWLES {0 %‘i@ﬂcethgyo%%thngcﬁxkleexﬁeC@BQ pef i gdadda ¢ hin
such range, the output current fromthe fuel-cell power device may not be
changed whenchkanX¥ed evongenrHiP tdatheM ¢dhanoee sioppesd Sood csruesed 11 . evenwhen
the DC device 102 is tenporarily used). As a result, a load on 20 the fuel
cel | s 163 nedRn ndie tlease cluperpahsel, 1 HerEHRD ey ERE RGXLHEMf TRI%el | s from

bei ng deteriorate VWil e the_invention hgs(Peen sthm qgg_dtscribed

with respect to tggrgﬂﬁﬁﬁ?ﬁ%hts}nth%nﬁ Bhnt "PAVERET onSTE ot 1T t &

thereto.s It abdaftedder sipod hd Hasetsigelied ith Aaihseaktxb@akivaih ous
changes and nodifications may be nade w t hout departing fromthe scope of
t he i nventi onhasramedé nedat - c84 suppress reduction in the durability of
the fuel cell 163. More specifically, even when an output
power from the fuel cells 163 changes from the minimum rated
power to the maximum rated power, the first period T1 1is
10 fixedly set to the time period in which the rate of change
in the output current Ioc of the FC converter 6c becomes
lower than the above-described threshold value or the like.
Furthermore, in still another modified example of the
embodiments 1 to 5, the second period T2 may be fixed at
15 some tens of seconds ~ some minutes in advance. By setting
the second period T2 within such range, the output current
from the fuel-cell power device may not be changed when a DC
device 102 that will be stopped soon is used (i.e., when the
DC device 102 is temporarily used). As a result, a load on
20 the fuel cells 163 needs not to be increased, thereby
preventing the fuel cells from being deteriorated.
While the invention has been shown and described with
respect to the embodiments, the present invention is not
limited thereto. It will be understood by those skilled in

25 the art that various changes and modifications may be made

without departing from the scope of the invention as defined
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in followng clains. Wat is clained is: 1. A power supply device

. CONQri sing: a fuel-cell power device which supplies a direct
5current (DC) power to one or nore |oad devices using fuel cells as an
i nput source; and a control unit which controls an output fromthe

fuel -cell power device, wherein, when a |load current supplied to the | oad
10 device is changed, an output characteristic of the fuel-cell power
device is shifted so that a rate of change in an output current of the

fuel -cell power device becones |ower than a preset value. 152. The devi ce of
claim1l1, further conprising: a load current detection unit which
detects a cuif el MaliuR @fiatihg.load current; and - a determ nation
unit which determ nes whether or the |oad current detected by the | oad
current detection unit is 20changed,
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wherein the fuel-cell power device conprises an adjustnment unit for
.shifting the output characteristic representing a rel ation between an

out put current and an output voltage when a power is supplied to the | oad
devi ces, 25the output characteristic being a characteristic in which the
out put vol tage nonotonically decreases as the output - 66 - current

i ncreases, the output voltage being a DC vol tage; wherein the control
unit, if the determnation unit determines that the |load current is
changed, sets a follow up period for which a rate of change in the out put
current 5 of the fuel-cell power device becones |ower than the preset

val ue, shiftgndhe HWRMeehakacteristic of the fuel-cell power device by
controlling the adjustment unit, and controls the output current of the
fuel -cell power device to follow up the load current during the foll ow up
period after 10the load current is changed. ;3. The device of claim 2,
further conptising: POWer SURPHHAEFGSICOPBREFIESr ce power device which

U3 e O LAl EOMEEASULE® FRAD LAMECPOURI SO Y 1SOUBULS @ DO
' 5 current (DC) power to one or more load devices using fuel
cells as an input source; and
a control unit which controls an output from the fuel-
cell power device,
wherein, when a load current supplied to the load
10 device 1s changed, an output characteristic of the fuel-cell
power device is shifted so that a rate of change in an

output current of the fuel-cell power device becomes lower

than a preset value.

15 2. The device of claim 1, further comprising:
a load current detection unit which detects a current
value of the load current; and
a determination unit which determines whether or the
load current detected by the load current detection unit is
20 changed,
wherein the fuel-cell power device comprises an
adjustment unit for shifting the output characteristic
representing a relation between an output current and an
output voltage when a power is supplied to the load devices,
25 the output characteristic being a characteristic in which

the output wvoltage monotonically decreases as the output



magni t ude of the output current, wherein the control unit operates
.the .commerci al power - source power device and the fuel-cell power device in
parallel, and controls a current value of the output current 20 of the
fuel -cell power device when the output voltage of the fuel-cell power
device is coincided with the output voltage of the commerci al - power-source
power device. 4. The device of claim 3, wherein, when an anount of 25change
per unit time in the load current detected by the |oad current detection
unit is referred to as a rate of - 67 - change in the |oad current, the
control unit sets the followup period to a | arger value as the rate of

change in theylead CHdRAelsS lﬂhghS{tt 20 JHE ARY il n@f aCbai b3 Qe
wherein the control unit, if the deternlnatlon unit determ nes t at the

| oad current is claegedn kéepscoireraut poitcurifentheof deherfilredticel | upbwer
devi ce constant during a holdin%_perlod imedi ately after the | oad_current
i s changed, @?ﬁ?t@#ﬁ%ﬁa?ﬂﬂﬁnﬁhq. EarAdtrerits tlisc CHpNERE  f G8FScal Fopokr

d b | Li h d
of ' the Tl - 881 Ppoier FaoyFEb T oot R Fow b ERETFoml Clibr SHEPRbr PRGZERE

fol | ow up pedeOtjhélf teL1 1dhe sl ReFiiRd Haaemeas38der than the preset
value, shifts the output characteristic of the fuel-cell
power device by controlling the adjustment unit, and
controls the output current of the fuel-cell power device to
follow up the load current during the follow-up period after

10 the load current is changed.

3. The device of claim 2, further comprising:
a commercial-power-source power device which uses a
commercial power source as an input power source, and
15 outputs a DC voltage as a constant voltage, regardless of a
magnitude of the output current,
wherein the control unit operates the commercial-
power-source power device and the fuel-cell power device in
parallel, and controls a current value of the output current
20 of the fuel-cell power device when the output voltage of the
fuel-cell power device is coincided with the output voltage

of the commercial-power-source power device.

4. The device of claim 3, wherein, when an amount of
25 change per unit time in the load current detected by the

locad current detection unit is referred to as a rate of



156. The device of claim3, further conprising: a rate-of-change
,determ nation unit which determ nes whether or not a rate of change in the
| oad current is equal to or higher than a threshold value, the rate of
change in the load current referring to an amount of change per unit 20
time in the load current detected by the | oad current detection unit,
wherein the control unit, if the rate-of-change determ nation unit

determ nes that the rate of change in the load current is |ower than the
threshol d value, shifts the 25out put characteristic of the fuel-cell power
device by controlling the adjustnent unit, and controls the output - 68 -

current of the,fuel scel L,poves, deviceche follow kB change dobst henkoad
current during the followup period inmediately after the load current is

changed; andfolfow-he r@dm-cof tehangerdetrersilnat benthei tadet eEnthesge hat t he
rate 5 of change in the load current is equal to or higher than the

t hreshol d vatie, l1eakpyinneatodspbigbarrent of the fuel-cell power device
constant during a holding period inmediately after the load current is
changed, shifts the output characteristic of the fuel-cell power device by

control l4ng 40 th%h@dhg%&egnbfuanglma@dogoqtr@h§rbmﬁ eutpebneusienhief the
fuel -cell power device to follow up the oad current during the follom#up

period afterifhehbobdipgmpest doh hasipadsedrmimedhehaevikbe b©badl aumrént
wherein the control unit sets

ig changed, keeps the output current of the fuel-cell power

device constant during a holding period immediately after

the load current is éhanged, shifts the output

10 characteristic of the fuel-cell power device by controlling

the adjustment unit, and controls the output current of the

fuel-cell power device to follow up the load current during

the follow-up period after the holding period has passed.

15 6. The device of claim 3, further comprising:

a rate-of-change determination unit which determines
whether or not a rate of change in the load current is equal
to or higher than a threshold value, the rate of change in
the load current referring to an amount of change per unit

20 time in the load current detected by the 1load current
detection unit,

wherein the control wunit, 1if the rate-of-change
determination unit determines that the rate of change in the
load current is lower than the threshold wvalue, shifts the

25 output characteristic of the fuel-cell power device by

controlling the adjustment unit, and controls the output
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15 the followup period in which the rate of change in the output current
.of the fuel-cell power device becones |ower than the threshold val ue. 8.
The device of claim1, further conprising: 20a | oad current detection unit
whi ch detects a current value of the |oad current supplied to the | oad
devi ce; and a rate-of-change determ nation unit which determ nes
whet her or not a rate of change in the load current is equal to or higher
than a threshold value, the rate of change 25referring to an anmount of
change per unit tine in the |l oad current detected by the |oad current
detection unit, - 69 - wherein the fuel-cell power device conprises

an adj ust ment, upkdc f o Saﬁétlfﬂglteel@utwezchaéa%@rlt%tI Bol EBk SNt LhY a
rel ati on between an out put current and ‘an out put voltage when a power is

supplied to theng®adndevheeslodd t kerpahputduhiaracteei stolldveiupy aeriod

characteristic in which the output voltage as a DC voltage nDnotonlcaIIy
decr eases asitReAbRiPUt hlrgenths nkPahsedrrentd is cha e #dj fifhehe

rate-of - Change%detgrcrganagtel Ogle uenétgln%%tl%r]}lmur}lel tgéaéertmhlenersatt%aocf t gnggtén the
| oad current
5 of change in the load current is equal to or higher than the
threshold value, keeps the output current of the fuel-cell
power device constant during a holding period immediately
after the 1load current is changed, shifts the output
characteristic of the fuel-cell power device by controlling
10 the adjustment unit, and controls the output current of the

fuel-cell power device to follow up the load current during

the follow-up period after the holding period has passed.

7. The device of claim 6, wherein the control unit sets
15 the follow-up period in which the rate of change in the
output current of the fuel-cell power device becomes lower

than the threshold wvalue.

8. The device of claim 1, further comprising:
20 a load current detection unit which detects a current
value of the load current supplied to the load device; and
a rate-of-change determination unit which determines
whether or not a rate of change in the load current is equal
to or higher than a threshold wvalue, the rate of change
25 referring to an amount of change per unit time in the load

current detected by the load current detection unit,



10 equal to or larger than the threshold value, the control unit sets a
foll.owup period so that the rate of change in the output current of the
fuel -cell power device beconmes |ower than the threshold value, shifts the
out put characteristic of the fuel-cell power device by controlling 15 the
adj ustnment unit, and controls the output current of the fuel-cell power
device to follow up the load current during the followup period after the
| oad current is changed. 9. The device of claim8, further conprising: 20a
comer ci al - power - sour ce power devi ce which uses a conmmercial power source
as an input power source, and outputs a DC voltage as a constant voltage

regardl ess of a npgaitude ehet heu@UtpHil CURERBE, device coMBLISEH the
control unit operates the comrercial - 25power - source power device and the

fuel -cel |l poadjugendrge umipar dbkrel shafdizonttrlod s cutquatr echavakbero$tihe

output current - 70 - of the_fuel-cell power device when the output
vol t age of tHPFIRAREET *boﬁ@ﬁaHéQFcéEF§e88|ﬁE}d@HtﬁPicgréﬁpﬁuﬁHV%l%%ge of

the commerci al - our.ce.power deV|ce The. devi I
wherein the & rolvoulnlatge Hefh e Paret %%Pllediet or r%%%agl 8% ﬁ%{?}ges,

determ nes thad bthephet @nakachangecia ba@nborad S Fetedistequaln t @no&h
hi gher than the threshol d val ue, keeps the output current of the fuel-cel

power devi cethonstapit duelngga &sl di B perlitede monotonically decreases
as the output current increases, and

wherein, 1f the rate-of-change determination wunit

determines that the rate of change in the load current is

10 equal to or larger than the threshold wvalue, the control

unit sets a follow-up period so that the rate of change in

the output current of the fuel-cell power device becomes

lower than the threshold wvalue, shifts the output

characteristic of the fuel-cell power device by controlling

15 the adjustment unit, and controls the output current of the

fuel-cell power device to follow up the load current during

the follow-up period after the load current is changed.

9. The device of claim 8, further comprising:

20 a commercial-power-source power device which uses a
commercial power source as an input power source, and
outputs a DC voltage as a constant voltage regardless of a
magnitude of the output current,

wherein the control unit operates the commercial-
25 power-source power device and the fuel-cell power device in

parallel, and controls a current value of the output current



10 inmmedi ately after the load current is changed, shifts the output
.characteristic of the fuel-cell power device by controlling the adjustnent
unit, and controls the output current of the fuel-cell power device to
follow up the load current during the foll ow up period after the hol ding
period 15has passed. 11. The device of any one of clainms 5 to 7 and 10,
wherein the holding period is fixed in advance. 2012. The device of any one
of clainms 3 to 7 and 9 to 11, further conprising: a secondary battery,
wherein the fuel-cell power device, when a current output fromthe
commer ci al - power - sour ce power device stops 25due to reduction in the | oad

fﬁ”eﬂ] alnd %@ecr%;tﬂ%l-@éme@bwe} tbei fvelnaeldnddrpudevbeeabecoresndi gher
an e | 0a -
fuel-cell power device is coincided with a output voltage of

the commercial-power-source power device.

5 10. The device of claim 9, wherein the control unit, if
the rate-of-change determination unit determines that the
rate of change in the load current is equal to or higher
than the threshold wvalue, keeps the output current of the
fuel-cell power device constant during a holding period

10 immediately after the load current is changed, shifts the
output characteristic of the fuel-cell power device by
controlling the adjustment unit, and controls the output
current of the fuel-cell power device to follow up the load
current during the follow-up period after the holding period

15 has passed.

11. The device of any one of claims 5 to 7 and 10, wherein

the holding period is fixed in advance.

20 12. The device of any one of c¢laims 3 to 7 and 9 to 11,
further comprising:
a secondary battery,
wherein the fuel-cell power device, when a current
output from the commercial-power-source power device stops
25 due to reduction in the load current and the output current

of the fuel-cell power device becomes higher than the load



current, charges the secondary battery with the remmining part of the
output current of the fuel-cell power device deducted by the output current
of the fuel-cell power device to the |oad devices.

current, charges the secondary battery with the remaining
part of the output current of the fuel-cell power device
deducted by the output current of the fuel-cell power device

to the load devices.



