DESCRIPTION HYBRID POWER SUPPLY DEVICE AND METHOD OF CONTROLLING HUED
POWER SUPPLY DEVICE Technical Field 100011 The present invent on e ates to a hybrid power
supply device.A device including a. mechanism driving a motor or the like by a hybrid power supply
including an engine generator and a capacitor such as a battery is developed for cranes or the like
having engine generators as a power source such aslgantry cranes or tire-mounted jib crates. The
present invention relates to a 'hybrid power supply device used for equipment of the gantry crane or
the like. Background Art [00021 Engine generatarsingluding diesel engines or the like are
conventionally used for a power source driving an electric motor such as a motor or a pump in cranes

or the like. Th t I ted electri to the electric motor through
converter and AVASHBF S SRS GF thG S A A pREHGF S AL Bt S A5 Houidid on a

circuit supplying electric power to the electric motor in parallel with the inverter (for example, Patent
Documents | ang, 2) ayoep;{qi In techniques of Patent Documents 1 and 2, energy efficiency can he
increased bec urplus power can be stored in the capacitor when an electric motor requires a
small amount %Péimc power. Then, both of the engine generator and the capacitor can supply
electric power to the Blectricsenoton wheivthecéléetricontotoréduiresra 1arge atnolst of ‘eléctiic power.

Because of thig,thateds amadvaniage-thak the engine gengeatorican pe:dawnsizackd000411y
including an engine generator and a capacitor such as a battery is developed for
cranes or the like having engine generators as a power source such as gantry
cranes or tire-mounted jib cranes.

The present invention relates to a hybrid power supply device used for

equipment of the gantry crane or the like.

Background Art
[0002]

Engine generators including diesel engines or the like are conventionally
used for a power source driving an electric motor such as a motor or a pump in
cranes or the like., The engine generator supplies generated electric power to
the electric motor through a converter and an inverter in the crane or the like.
A capacitor such as a battery is also provided on a circuit supplying electric
power to the electric motor in parallel with the inverter (for example, Patent
Documents 1 and 2).

[0003]

In techniques of Patent Documents 1 and 2, energy efficiency can be
increased because surplus power can be stored in the capacitor when an electric
motor requires a small amount of electric power. Then, both of the engine
generator and the capacitor can supply electric power to the electric motor when
the electric motor requires a large amount of electric power. Because of this,
there is an advantage that the engine generator can be downsized

[0004]

However, a load applied to the engine generator varies in proportion to
the electric power required by the electric motor in the techniques of Patent
Documents 1 and 2. Because of this, the load applied to the engine generator
significantly increases if the electric power required by the electric motor
significantly increases, so that there is a possibility that a momentary voltage

of the engine generator drops. The engine generator may stop in extreme cases.



However, a load applied to the engine generator vanes in proportion to the electric power required by
the electric motor in the techniques of Patent Documents | and 2. Because of this, the load applied to
the engine generator significantly increases if the electric power required by the electric motor
significantly increases, so that there is a possibility that a momentary voltage of the engine generator
drops. The engine generator may stop in extreme cases. 2 [000.5] As a technique solving the
above probleg,g technique is also developed in which all of the electric power generated by the
engine generator is supplied to a battery and the electric power is supplied to a motor or the like only
by the battery (Patéfit DEEIRIENT 3PV 108 i@ PR MR of PAFSRR [t delse 3legmcasthérengine
generator ivomly aised forchaegimgdthebattenysthedehygitte geperatesreant be epanateddn:an: optimal

condition regardless,efielectric powsy,ieauired by dhe slegtric motor. Becayse of this,there is an

advantage 3{1 q:eing)able to improve fuel consumption. [0006] In the case of the technique of
Patent DocOni&Tt P854 8f the engine generator does not vary if the electric power required by the

motor varies becaube the tleltiicupoweldsconlysupplied fromcthetbattery.cHewewer; theralis a problem

that a powerssupRly devisednoreasas dpysizabecausealargs.baten.is sequired.far . gerainly

supplying tré%n Ieﬁgtric gow%r requ%r%qf?é the motor. 0007dlb Pagent Document 1 Japanese

Pateaid-Open N6 11-2 7195 Paterit Document. 2' Japaness Pafert 1468285168 ¢ °f

this, there is an advantage of being able to improve fuel consumption.
[0006]

In the case of the technidue of Patent Document 3, a load of the engine
generator does not vary if the electric power required by the motor varies because
the electric power is only supplied from the battery. However, there is a problem
that a power supply device increases in size because a large battery is required for
certainly supplying the electric power required by the motor.

[0007]
Patent Document 1

Japanese Patent Laid—Open No. 11-217193
Patent Document 2

Japanese Patent Laid-Open No. 11-285165
Patent Document 3

Japanese Patent Laid—Open No. 2003-1021086

Disclosure of the Invention
Problems to be Solved by the Invention
£0008]
In view of the above circumstances, an object of the present invention is
to provide a hybrid power supply device capable of properly controlling an operation

of an engine generator and preventing an increase in size of the device

Means for Solving the Problems
10009]
A hybrid power supply device according to a first feature of the present
invention is a power supply device comprising an engine generator and a capacitor,
wherein the device comprises: a DC bus having the engine generator and the capacitor

connected in parallel and supplying electric power to an outside; a step~up converter




Patent Document 3 Japanese Paten Laid-Open No, 2003-102106 Disclosure of the Invention
Problems to be Solved by the Invention [0008.] In view of the above circumstances, an object of
the present invention is to provide a hybrid power supply device capable of properly controlling an
operation of an engine generator and preventing an ificrease in size of the device. Means for Solving
the Problems [0009] A hybrid power supply device according to a first feature of the present

invention is a,poyern supply, devige gamprising an engine generator and a capacitor, wherein the
device comp??ises! a DC bus having the enéi%génélenr?egg?glfga%a the CABLEItSF E8ITHECIRY i H3rallel and

supplying elSEHC 5OFEN G Hn BEtaTIEINAT8tep-th Conlieker 3 previded berweenrtve DO WS and the
engine generateranthediitiallingatburrentamount supplied fiem therenging gengrtaktorthe DC bus;

a step-up/dow converter provided between the DG bus and the capacitor and controlling a current
amount supplied from the capacitor to the DC bus; and a control section contr%eiﬁng an operation of the

step-up/dowh EBMFEHEF afitf tHe CteBup e SHORTBIC AHETHE cORtroh scclibr bantror thenstepsup/down
converter so'tttas tewoltdgevofethesDErbuss iszhigher than ah vutplbueltage gfthenenginegenerator.

A hybrid power supply dgvicea6cQingtq a second feature of the present invention is the first feature
of the present inventlo g/vhéerein the cqntréal section cantrols the step-up converter so as to supply a

part of a current amowB\? Suppiied'td e bUtSitis foR e ergifes GeMdratar o thé BE BrrRsaHd controls
the step-up/dBYfRiéenvertdr Séras feanamedinitherveltaigeneftheD Gibusiattapredetarminadrset

vcnuage. controls the step-up converter so as to supply a part of a current amount supplied
to the outside from the engine generator to the DC bus and controls the step~up/down
converter so as to maintain the voltage of the DC bus at a predetermined set voltage

A hybrid power supply device according to a third feature of the present
invention is the first or second feature of the present invention, wherein the control
section determines the current amount supplied from the engine generator to the DC
bus based on the current amount supplied to the outside and an amount of charge of
the capacitor.

A hybrid power supply device according to a fourth feature of the present
invention is the first, second or third feature of the present invention, wherein
an electrolytic capacitor is connected to the DC bus in parallel with the engine
generator and the capacitor.

A hybrid power supply device according to a fifth feature of the present
invention is the first, second, third, or fourth feature of the present invention,
wherein the engine generator has a supercharging mechanism, and the control section
controls an increase rate of a current amount supplied from the engine generator to
the voltage of the DC bus so that an increase rate of a current amount after exceeding
a maximum current amount obtained at the time of a non-supercharging maximum power
output in which the supercharging mechanism is not used in the engine generator is
smaller than an increase rate of a current amount up to the maximum current amount
obtained at the time of the non-supercharging maximum power output when the current
amount supplied to the outside increases.

A control method for a hybrid power supply device according to a sixth feature
of the present invention is a control method for a power supply device comprising
an engine generator and a capacitor, wherein the device comprises! a DC bus having
the engine generator and the capacitor connected in parallel and supplying electric

power to an outside; a step~up converter provided between the DC bus and the engine



A hybrid power supply device according to a third feature of the present invention is the first or second
feature of the present invention, wherein the control section determines the current amount supplied
from the engine generator to the DC bus based on the current amount supplied to the outside and an
amount of charge of the capacitor. A hybrid power stipply device according to a fourth feature of the
present invention is the first, second or third feature of the present invention, wherein an electrolytic

capacitor is gnngcied:io e Rfs fus pARIEhAIID g sodine generator and the capaciter. A

) ] 1ne. generat

hybrid power supply device according to a fifth feature of the present invention 1s ?he_ first, second,
third, or foulth PEatte® SFRE SRIE STV EHBH WS ifttise e HYine Jenerdtshhasracdtperchiarging
mechanism cairid thie moatrohsectienucontralsi an incredsecrate ioba cutkenNtamoumdsuppliad from the
engine genesatan,{o dhevoltage of the DE hus sothataningrease rate.pfa cyrent amount after
exceeding amaximum curre t amount obtained at the time of a non-supercharging maximum power
output in which' theSupakchakgiRg iRechaRisi Ts ot LEEd ifthe BHEML B_nE¥ator SR SRIANEY than an
increase ratecbfe curfent Enmonitcdpstotive mraxiium currernt afmgdeniObtained aftihe time0f the

non-superchatgingymaxinum @ewak utpit.when the current amount supplied to the outside
increases, A c%ngroonltng?tggt gngarh%bgidb paower supglép&ievcgce, according to a sixth feature of the
present invention is'a control method fora power SUpply devite EoiipASiAG HHF effgihe Yéherator and a
capacitor, wiéidiit tHetBiebicecsbimprsd s AT sisthaiang the fetgime genenator amd thereapacitor
connected inhparadiebadndsuppiying electde: paweaila an autside;-aSteRri conyerer prayided between
the DC bus and theengine 4 generator apddcgnt{ lling- a current amount supplied from the engine
generator to t%erD_C bus; a ste ;Sp?dosw%pcloenvec}teaeppg\els&ea ?t%%%éneﬂ%énﬁé% E%%agﬁd&%éhéapacitor
and controllifig P4 C R PertcamBt S BPIFSEPTEHIEE EAPHEIST &S the D @ebiisiarida wontes| section
controlling arhopération okthesstepruipidown conwarder and the step-up converter, and the method
comprises the step of: contialling, ihe,Sten-PAdaNN. CRRVERL by, the eantrql section, so that a voltage

of the DC bu ishhi%her than an qutput voltage of the engine generator. A ‘control method for a

hybrid powet stpph/ Glice BERb1ding t5'5 SEUERTh RSYRD SPEw praiséhit RRvsRonTEeiéSixth feature

of the presemitsraiention rwheteipmthesarethe s tomprisest theisieps bf: controllngtihe steg-up converter

S as to supphna:paref & Guent ameuplsypplied Jedhe outside from the engine generator to the DC

bus: and cogltlr%ly&gathf ggegn-olé%dgyv&cgrévggt%go as totmaintaln the voltage of the DC bus at a
predetermine(} set voritage, A control methiod f6F %chyqﬁrid power supply deviceaccordingto a

eighth feature of the' grasént isverttitt isithe shatror sevdritiefeature ofithe presentinfention, wherein
the method ebniprisessthe sﬁaprﬁﬁ;odeiermiagﬂag cdiienh adﬁ@;@ﬁﬁugpg@gefrgfn@k@ shgine generator
to the DC bys hased op,the euirent amount supplied to ihe,ontside and,an amount of charge of the
capacitor. A control method for agﬁb“d power suppi}y evice according to a nlnfh fedture of the
present invet ISR S IHE SikeD SEVEmH o Li§Hh fREiRrE grile presenemvERtsns Whkredf the engine

generator haseesgipereharging medhanisagearfdithedmethod temprises dhe stap of; contrelling an
increase rategf.a cyprent amosnt surplied: framdhe gnaing generatqr i the voliage, of the DC bus so

that an increase ra'g—;,-r %? (lzurrentlamount after exceeding a maximum current amount obtained at the

time of a non-supercharging Maxiniur power Btitptt TR ARRIER (R SUPBrEHSr §RTGSERSNISH is not
used in the Bfgjing géneragordszsraredler tharsen incréaseaate ofaseunrentamount ¢ terthetmaximum

current amount obtained ak the-time-af the nen-superharding maxinim ReWer utpuytwhen the

current amoynt suppligd {dheQuiside Ingeases Advantages of ihe Jnvention [0010]

Advantages of the Invention
[0010]

According to the first feature of the present invention, the engine generator
and the capacitor are connected to the DC bus in parallel, both of which can supply
electric power to the outside, and therefore, both of the engine generator and the
capacitor can be downsized. Moreover, electric power supplied from the engine

generator to the DC bus can be regulated because the control section controls the



According to the first feature of the present invention, the engine generator and the capacitor are
connected to the DC bus in parallel, both of which can suppl electric power to the outside, and
therefore, both of the engine generator and the capacitor can be downsized, Moreover, electric power
supplied from the engine, generator to the DC bus can be regulated because the control section
controls the step-up converter. Accordingly, a load of the engine generator can be regulated

regardless of avapiation.of the eleciric; pawer.sypplied from.the powsr supply. deyice.to the outside.
Then, the control section performs caontrol so that a voltage of the DC bus is higher than an output
voltage of tA&%ShGiHe §ereiHiot: Here btxg'bﬁé%fﬁﬁﬁd} A RUFERL Sip PR froRt e 8rRfihds§étterator to
the DC bus frotrebeirgg dn arfbracomtrobstate. Betausecof this, contrdlling the stepiapsconverter allows
a load variagion.ef the gRging geReignioheabways aetivehh contralled-and suppressed within a set
load regulagocn. ent SAUCD 1@%@9&0 ttrpee %e%?endefel@;%re gf I;Ckgle prese t invbention restriction of a current
supplied from the engine generator alfofis efectnic power supplied oM tHE%EHyIHE Y& or (a load of
the engine §éheratorcty ecéotitrollsdniith Heeurhey emotighary §e pradties becadsethe output voltage
of the enging generator igcaeraparatively: staple.Additionalty e curentsypplied from:the gapacitor is
controlled sg as ;%gmi&tg}gn the voltage of the DC bus, thereby being able to supply from the capacitor
a difference between the electric power supplied to the outside and the electric power supplied from
the engine generatdf Actofdiigh)e cohfitsl berioifesleliaiedthparaaniitt-atcase ofiepritialling the
“electric powersepphien fieinfthe ehgine gengnaiortand thervelebteio powsesupphed frommthe-capacitor.
According tg,the third. feagy r@a9@4@@fp{ﬁesg@img&%@%o%ﬁggfb%r!@&%@poﬁpmﬁ quarpc%xexyt%%ggﬁlne

generator is d%termlne_d considering an amount of charge of the capacitor, the amount of charge of the
capacitor ca B8 Brapers MEiRtainEy SHEPAh BUPHiSthaIy & SHe EXBEPravErEY 2tV el According to
the fourth fedire of thidipiesert inventiom tsinee! edéctrionpowerstored insthenetettedlyticaeapacitor

fl:nctipns asnaitsrkgtalrtﬂgeis&@a?%tﬂ@ @@Q@Eﬂ@iﬂ({(ﬁrgy@@@%i?]é%qev%gi%ﬂ_ﬁlﬁgff%ﬁl @f[wﬂasag?{&gfator when
electric power, supplied from t ower su evice to the gutside significantly varies, and suppress
the load varia foflr%\evgﬁ C’leh[} & eseélﬁlkgéae Fegu gﬁéxr’fr SUPP l@é}&rcﬂ%ﬁ ?Btt%léfg?i%dfggtﬁﬁ%cgﬁ]tﬁBOﬁ?ésent
invention, sifieed46dBf the ergitte fyameator dtesonPecomeexcéssivelydaripe avthertifne of a
variation of & shpplyseusressharanunt, generatienofdiackspoke and a.stop: ofthe.engine.generator
can be prevgnted, ... cAﬁ%%grrdsiE&%I?eg]%rsoir%(ﬂghfeeac‘g%g%i f the present invention, the engine generator
and the capacitor are connected to the DC bus in para Ierl', both of which can supply electric power to
the outside, and thetefoTe8dth %Fth*é%&?ﬁéﬂ@%ﬁ’g%Pféﬁﬁlfh@t%ﬁa@itofi@aﬁ Bedvlarnsirsd.
Moreover, glectridpoverstpplistdrem:the engine genesatoddo theaDenbus canhe fegulated because
the control sggtion continls, ihgn:6-3teRaup-conYRiter, Accordingly. the load qf the.enging pgnerator can
be regulated relg%rdliss of a variatiolg of the electric power supplied from the power supply device to
the outside. Ther i56°EBhtisT 1§ pRHEMTEE A Which the voltage of the DC bus is higher than the output
voltage of the enginécgarérator tihdiebyhpieventing drcoreeat isuppliethfrormtie engine igenerator to
the DC bus #rembeingtin a.nan-contiol staie.iBacause: afithiss contteling the stepsup sanverter allows
the load vargatggjgagfctgei erggége{g%aedravt&(‘)rrita lho% al¥v%¥s aegti}/(;jy %ggtrcglled ﬁnd ﬁu&pr,essed within the
set load reguLfatlon. yAccoraing {0 the seventh featuré of the pre%eoﬁt Invention. restfiction of the
current suppieaLfsmitng dhginergensiatbr dioiws the alechi¢power suppied fromrtivs engine
generator (tkepleassofithe @dgiae: generaion) tode sontrodedayith aicguracy enough to be practical
because the output yoliags, ot ihe,enaine aensrater ixcamparalyely staple, Addiionaihe. fhe current

supplied from the capacitor is controlled so as to maintain the vo tage.o?’thenlﬁecabus, t ereﬁy being
able to supplyEHEEEHE BAPatittT Baifferetica 5etivaah ther sletirit powk SUppiieda thebatside: and
the electric pawér supplieciron theenginengehetatorsieeardinghypcontrokbegomeseasier- compared
with the casg,pfcoptrglling the electric power supplied from the engine generator and the electric
power supplied from the gapacitor. According to the eighth feature of the present invention, since

the electric power bofi&" By the shgiHE ‘Geifaratsris detBrATRad BSASIARTNY tHS Bmetit 8PEharge of
the capacitomthéantovantiof chhargeofdive capdcitdi ban berpreperly maintdinedanehanuover-discharge

state can be prement@ver to the outside, and therefore, both of the engine generator and the
capacitor can be downsized. Moreover, electric power supplied from the engine

generator to the DC bus can be regulated because the control section controls the



According to the ninth feature of the present invention, since the load of the engine generator does not
become excessively large at the time of the variation of the supply current amount, generation of black
smoke and a stop of the engine generator can be prevented. Best Mode for Carrying Out the Invention
[0011.7i Next, an embodiment of the present inventign is described based on drawings.

Ahybridpower supply device of the present invention is a device for supplying electric power to a
working actuator such as a winch or a cross traveling device in a machine such as a rubber-tired
gantry crane®6fa r&httitted ji‘tf%‘?éﬁ@,g\l/\)’he%ﬁnlﬂﬁéq devite VMpriss s fgingegesratator and a
capacitor, arreperationcdfiherénginegeneratercan hepropay-aoniteied pand thepdevice can be

prevented erH‘JHQ&ﬁ?&Q@. in ﬁéﬁ ‘JQQ jc%]ﬂ:rol iE:i%gg%ojrn@daiﬁc‘lth%aj@}(f\ecllﬁ%igggig‘gr m 195 %uts]ybrid
power supply device 10 of the embodiment. Reference numeral 10 indicates a hybrlc‘i power supply

device of the' EMBBHirHER T ATEriiagt A ptdit Ry retarEHcs cHSFARIer & tRETAfe B Wibrking
actuator to wiigh elédtrie poewverdssupptied drom tie BYbnid powersupply demiegntrol Heteinafter, an

example is deseribeddnyhich the, warkingactuator Ahas an elegiiicmotorMsuch, as a jpator and an

inverter |, while the inverter | m%g Qe grovided ?etween the electric motor M and a DC bus La

described below SriAsy BEIRCIGaEd T thes kit Sower SibPly SRre . o3 sein®igure 1,

e included’i
reference chefgittelriba indicates a DC bus supplying DC power from the hybrid power supply device

10 of the embodimentierampuiside TheRE huska basapaicof conductive paths-An glegtrolytic
capacitor 18ti§eprovided Sbu%lts\%e%n fllh% ptgir of conductive glatgﬁ.oThe eleci'[gé)g}/}ttc capacitor 18 can store

DC: power supplied to the us La and %o discharge té subply BE Sowet 't BePHGE Ia.

Electric pow&F&toesd neie efaetrortic teapatitof 18 fumation§as a thalfer theacvalriatitrd of dlectric
power requiregtiythe:wogking ectiatar Aebeeasise the elagirolydic capacitae L8atomatically performs
a storage/discharge pperation.aceording;to.a relation between a charging rate thereof. and .a DC
voltage of the DC%S La. y tThe inyerterll ?n%;’rggge%\%n%osﬁl\?eprtlegé 91I n?a%hé 18°describéd below
generally inctdE S1&etraiy it CapHGtare conNattas iRt pHraiel Rhith the BT 1Bieee! acesraimgly, the
extra electrofytic capaciteril8rnaayi fitirbecproaided ifthe Blectiolyticecapagitod performs & fiunction of

the electrolytigcapacitQr 48, [999@4lsupplied from the engine generator. Accordingly, control
becomes easier compared with the case of controlling the electric power supplied from
the engine generator and the electric power supplied from the capacitor.
According to the eighth feature of the present invention, since the electric
power borne by the engine generator is determined considering the amount of charge
of the capaciter, the amount of charge of the capacitor can be properly maintained
and an over—discharge state can be prevented.
According to the ninth feature of the present invention, since the load of
the engine generator does not become excessively large at the time of the variation
of the supply current amount, generation of black smoke and a stop of the engine

generator can be prevented.

Best Mode for Carryving Out the Invention
foo11]
Next, an embodiment of the present invention is described based on drawings.
A hybrid power supply device of the present invention is a device for supplying
electric power to a working actuator such as a winch or a cross traveling device in
a machine such as a rubber-tired gantry crane or a tire—mounted jib crane, wherein
the device comprises an engine generator and a capacitor, an operation of the engine
generator can be properly controlled, and the device can be prevented from increasing

in size.




As shown in Figure 1, an engine generator 11 of the hybrid power supply device fO of the embodiment
is connected to the DC bus La through a diode converter 12 and a step-up converter 13. [00151

The engine generator Il is an engine generator generating AC power: and has an automatic: voltage
regulator (AVR), and a variation of an output voltage-thereof is small. The diode converter 12 converts
AC power generated by the engine generator 11 to DC: power and can supply it to the step-up
converter 12. While the engine generator 11 can employ a. diesel generator or the like having a
supercharginé%&hanism such as a turbocharger, it is not particularly limited thereto if it is an engine
generator generatingidGpowera schelrWither-a.devicasanvertingdhe Al Lowss gengrated,by the
engine generatoy to er for.an output is not limited to a diode ¢ nverter.é(p)Ol é . TheDC
power convegr?e%ﬂ%)?r@gl (ﬁngé\g cogrﬁg\f’éj_r[tegrC 1 Lfgesrggg#ean tgolct %bﬁ?ﬁdﬁg LW FOUGHtHe StBeUp converter
13. The'&te 520 tibettet 153 fizefunciishdrae bboste tevaitagehefatieDE powerteonverted by
the diode comverter a2 (hereinafteican brgiie-sigervoltage)foran-eutput rand operates.pased on an
instruction frgm;a.control section 17. Specifically, the step-up converter 13 controls a current amount
supplied from the digde converter 12 to the DC bus La based on the instruction from the control

section 17 A DC powWeFaMbiit Sippiiitd the't5es thig e, heh o e fod ek eiier férsapplying the
DC power are tegutatetbby soriteslling the @urrentemount, [0Q17he invBeeauseohihisfdhe step-up

converter 13yisicantrolled DG ipayeswith.a mqﬁeﬂgu\éotggl%éa%e%e%»gi&e-n%?%evgﬁa%% Gay), be
supplied to tfgge gb[%lfjs La durin? a %esired %neriod at desired timing, that is, by a esired amount at the
[

desired timingg POREIAG |%)¥1aﬁv,l?fsls own in Figure 1, a device such as a flattery or a capacitor
capable of ch %ﬁﬁb and discharging (hereinafter, capacitor 15) is connected to the DC bus La in

parallel with the enginerggnerator-d&tbrough-a-sieR-up/down. convester, 16 s Aceprdingly, fhe capacitor

15 can also sUpply, eigeirla BOWS' R 11 WQHIngAGHAlen A, (Iguah the, step-yp/down gonverter 16

La has a pair of conductive paths. An electrolytic capacitor 18 is provided between
the pair of conductive paths. The electrolytic capacitor 18 can store DC power
supplied to the DC bus La and also discharge to supply DC power to the DC bus La
Electric power stored in the electrolytic capacitor 18 functions as a buffer to a
variation of electric power required by the working actuator A because the
electrolytic capacitor 18 automatically performs a storage/discharge operation
according to a relation between a charging rate thereof and a DC voltage of the DC
bus La.

The inverter I and respective converters 13 and 16 described below generally
include electrolytic capacitors connected in parallel with the DC bus La.
Accordingly, the extra electrolytic capacitor 18 may not be provided if the
electrolytic capacitor performs a function of the electrolytic capacitor 18.

[0014]

As shown in Figure 1, an engine generator 11 of the hybrid power supply device
10 of the embodiment is connected to the DC bus La through a diode converter 12 and
a step—up converter 13

10015]

The engine generator 11 is an engine generator generating AC power and has
an automatic voltage regulator (AVR), and a variation of an output voltage thereof
is small. The diode converter 12 converts AC power generated by the engine generator
11 to DC power and can supply it to the step—up converter 13.

While the engine generator 11 can employ a diesel generator or the like having

a supercharging mechanism such as a turbocharger, it is not particularly limited




[00191 The step-up/down converter 16 has a function that boosts a voltage of DC power supplied
from the capacitor. 15 (hereinafter, a capacitor-side voltage) for an output and lowers the voltage, and
operates based on an instruction from the control. section 17 similarly to the sten-up converter 13.
Specifically, the sten-up/dowp converter 16 controls& current amount supplied from the capacitor 15
to the DC bus La by step-up control based on the instruction from the control section 17. A DC current
supplied to the RC hys L a.is requlated so as not to red%l.ce 6}\8/0“3%(.3 of the DC bus La (a voltage

X S t
between terminals o theefec?r%ly?igéggpgfgﬁ%ar i@)gﬁ9eggn Pglllngpt?'ue current amount. The

step-up/down convei&F s afs8Has & FutrEtion thett 40 oles eemCeutrent fromaive POdrasota to the

capacitor 15tsdagnatrtdincieasepheivoliageiaf the DCabus dka by steprdown control. r00201
Because of thig), i the step-up/down converter 16 is boost. controlled, DC power with a higher voltage
than the capacitor-side voltage can be supplied to the DC bus La during a desired period at desired

timing, that is, by a dB&iPSPARBUREE e Hedbed tRAmgomerbTiRgl: erbiehis the dntbe
maintained &t alpredetenmined-set voltager 13. The step-up/down converter 16 also has a function

that performs the stepeclown. soniratio.outpul a.valiage slighibbighet (hag. e capafior-side voltage
P

lower than the voltage of mg C bus La to a side of the capacitor 15 and sup pO\I?ngIfo the

CEordinglytTh HEEaS¥Nihite K cHSrinpFAte oftheredisasitsr 1% iesedieedor the

capacitor 15."Accor
voltage of th&' DT byl lcadsahradh igtrerthast the: predeterminedsetevaltage, it Badssiele o charge

the capacitognl5s by supplying @-lowersd-DC powet fromdhe RG HysiLa o the capasitar 45,,[0021]
Next, the co%rg(l) %ﬁgtb%rk%s?ﬂg aes%ribeg{e ; StAs described above, the control section 17 controls an
t

operation or the step--up convertar 13 and the SfepptEwi coAVEterLE  ghd' had AT hritibn
regulating tHE¥RcieHofret borpdbyuhelerigine generatod Tirand fhe capaditersE5D0/oiage
information efdhe: dCabuts dyacenvrent infarmnationie thednverter | of the working actuator A, information
of an amount[%lc—/}jarge of the capacitor 15, and the like are inputted to the control section 17. The
electric power borne by the engine generator 11 and the capacitor 15 is regulated based on the

information. 70022] Be%2u# fibtHY ¢ for dete rHiRING DT 156Wer Boikechyt thel ehgife rgemersttr 11 and
the capacitor L15byr thel cantrolksettiomd s ot particilady limited)and dhenD Gcpower can; he

determined Q@é@g&ﬂpi&f%mt@!ﬁ%e{im% tnf‘a@P&VEy”élf&’éE@?éhOQno@Q%@the desired timing.
[0018]

Additionally, as shown in Figure 1, a device such as a battery or a capacitor
capable of charging and discharging (hereinafter, capacitor 15) is connected to the
DC bus La in parallel with the engine generator 11 through a step~up/down converter
16, Accordingly, the capacitor 15 can also supply electric power to the working
actuator A through the step—up/down converter 16 and the DC bus La.

[0019]

The step-up/down converter 16 has a function that boosts a voltage of DC power
supplied from the capacitor 15 (hereinafter, a capacitor-side voltage) for an output
and lowers the voltage, and operates based on an instruction from the control section
17 similarly to the step-up converter 13. Specifically, the step~up/down converter
16 controls a current amount supplied from the capacitor 15 to the DC bus La by step-up
control based on the instruction from the control section 17. A DC current supplied
to the DC bus La is regulated so as not to reduce a voltage of the DC bus La (a voltage
between terminals of the electrolytic capacitor 18) by controlling the current amount.

The step—up/down converter 16 also has a function that supplies a DC current
from the DC bus La to the capacitor 15 so as not to increase the voltage of the IC
bus La bv step~down control.

[0020]



According to the above configuration, the hybrid power supply device 16 of the embodiment can
supply electric power from both of the engine generator 11 and the capacitor 15 to the working
actuator A. Thus, it is possible for the capacitor 15 to bear a shortfall of electric power even if
electric power required bytheworking actuator A is la¥ger than electric power that can be supplied from
the engine generator 11 through the step-up converter 113. Conversely, it is possible for the engine

generator 11 to beagg.shartfall, of Sglelqtrﬁ é’%‘("e%%%‘%@ if the elletcetlric1 power ge{qucired l:M thle working

actuator A is larger than electric power that can be su‘grﬁ)lfé)avﬁom the capacitor i%tfﬁrough%e
step-up/dowi? ¥8n¥Eite 1681970 voltasphtiars Hise AReKiReY atiratol mecarrbeoperatéicvieiby the
engine genéfators1lzand capacitoi 8 that can 0dbs styaphyLlectrica pawensnallen than.maximum

electric powe teauired by theworking,actuator.f. Begause.of fhis, hoth, of the engine generator 11
and the capacitor 15 can be downsized, so that the whole hybrid power supply device 10'Can also be
downsized. fO(j)Z%] rage. IAdditionally, since the control section 17 can regulate DC power supplied from

each of the engine dgéneratord/iandtheecapaditorstSite thenDC dushhapitispessible te-freely regulate

a rate of the-BiG.power hasne by each.of the.engingrgenaratarnd 1 andithe capacitor 15., ., Itis also
possible to ﬁ,{‘%\f{e{%h%l%gé% _oor}etgg '8@%350[ the engjne ?enerator 11 and the capacitor 15 becomes too

large. Oreover. evert in the case Whéré tHe afécitic Boviarrdqtirdd By il NS rkinge&&tuator A, or

the electric pewwet stisplises ftom fredmgbrid poinehsipplyrtevicechorofithee mbbdimentto the working
actuator A significasnily scasiesha significant yaristionsof the lad of the: enging,genesator1l.gan be

suppressed j icle of the capacit ! ig contr lled sgcf{lsoto mporarily bear more electric power. As
ggg‘%%g f et B o i {dé{r?ér%t[é)x%raeﬁi P)Cép&”&r/ented.

S e C SU :
a result, generation of black smoke ancfan.urgent, s?gp ofthe er¥g|n%D
Since the cdnftdl'$8ctor 7 deterthinsarttd ledtric power borne by the engine generator 11
considering drfGmount of charge of the capacitor 15, the amount of charge of the capacitor 15 can be

properly maintained,and ovgr-sdischarge.of the,capagitor, 15 can be prevented. [0025] Further, In
the hybrid power supply device 10 of the embodiment, the control section 17 controls the

step-up/down convetter 1680 that’8 Goltje Gk DE B LA i) Higierthenta Yoltage of DC
power supphkéerfrontthedieodé3convider 42 to/thersteprap eohvestark3.a funcSixcesthe-stap-up

converter 13icannes-makeas QutRutvolagelowe L than.an inputyaliage, a current supplied to the DC
bus La cannot, be %ontroyequ grl)e s&eap-uE) convertor 13 when the voltage of the DC bus Ea is lower
nformatio T, us clr %

than the engine-side voltage: As a'testilt, & difrertiSTappiied i tRERIBHE COntRsrtst %o the DC
bus la withotftittftatton: T HaRis othel stepngpicorivelrterd 3ictrmotreonitrol thedoadhof ithe engine

generator ITiand the enginewgenarasot ibd is operated for isupRlying-a.current Aowing.witheut limitation.
. e SRR, 0 LS 812 G o e v
0022

A method for determining DC power borne by the engine generator 11 and the
capacitor 15 by the control section 17 is not particularly limited and the DC power
can be determined based on information other than the above information.

[0023]

According to the above configuration, the hybrid power supply device 10 of
the embodiment can supply electric power from both of the engine generator 11 and
the capacitor 15 to the working actuator A.

Thus, it is possible for the capacitor 15 to bear a shortfall of electric
power even if electric power required by the working actuator A is larger than electric
power that can be supplied from the engine generator 11 through the step—up converter
13.  Conversely, it is possible for the engine generator 11 to bear a shortfall of
electric power even if the electric power required by the working actuator A is larger
than electric power that can be supplied from the capacitor 15 through the step—up/down

converter 16.



However, in the hybrid power supply device 10 of the embodiment, the control 11 section 17 controls
the step-up/down converter 16 so that the voltage of the DC bus La is always higher than the voltage
of the DC power supplied from the diode converter 12 to the step-up converter 13, and therefore, it is
possible to prevent the above problems. Then, a loatPvariation of the engine generator 11 can be
suppressed within a set load regulation because the load variation of the engine generator Il can be

B el contRe D ONIRNING e Sk R oMarEr. 12 (00781 1. sIEYORge o ihe DC

bus La (the oltaqgr;]e between the terminals of the electrolytic. capacitor '18) is alway malnféined to be
higher than the'8hiRa Sidle Nottid e dht Ml e’ P E GitSF SidferoBrage s BhviBes tHarthis Voltage value
is set to be higherthanrad maximurynoliage thatthelendinengenefataisl1iean sypply angha maximum

voltage thal e capaciionS:an supplv. [0D2LL v. soffEEr, IR e yplid oWl upRly device 10 of

the embodimL(Iantf a_sup urrent amount and the voltage of the DC bus La are detected instead of

ly
electric power Used at f%e@&%?tgrlsfaﬁ?d ME&3/SMEge of the DC bus La is only controlled so as to be
maintained ai%p%ﬂ']edetermined set voltage, thereby regulating an electric power balance. As a result,

the control can be peifiotmesh Bastyn{00281controGeparally; indhe case. of supplyving.glectrie power
from the en%inoe gﬁg&er&t%gl and the ca Tacit?c!; 15 to the inverter | gotgltglectric power of the electric
|

power supplied by the engine Generstor 11 and the elsctiRisowar Supplida By ths Lapaéittt 15 must

be consisteRPiiithl&lEtiespowrst bfithe Taverete ISasseiskovfthiseinithe berwehtiorrak technique,
electric power usediat theativertasl has been detected, and an output voltage and an output current of

each of the engine denaraion ld-ard ine gaeagionde have.been d based on Ine glectric
|

ntrall
power used at the inverter I. Then, control has been performed in ééﬁi@% ﬁﬁee fotal e BEHE Sdwer of the
engine genéfat%?dl‘ih‘érf&‘i‘?fét@ép@ci%?%sist%ﬂé‘i’éﬁ%nt with the electric power use at the inverter .
Accordingly, in the demventiorabtechniguesa powercsupply devicevhasdaeaneontrelledhased on an

idea of directly detecting. and.controlling glectic.powerr.and fherefore. contrgl for regulating the electric
power balancte as b%en. ver cong:elicat%dljy.n [0029] Haowever, the electric power balance can be

easily regulated ih HEFYBAY power sUBpi deitE 15 df ﬂé‘@ﬁ%ﬁ@%ﬂﬁeﬁ%@%aﬁsé%ﬁﬁf@&ﬁng
reasons. 10080%tion of the load of the engine generator 1l can be suppressed if a side of the
capacitor 15 is controlled so as to temporarily bear more electric power. As aresult,
generation of black smoke and an urgent stop of the engine generator can be prevented.
Since the control section 17 determines the electric power borne by the engine

generator 11 considering an amount of charge of the capacitor 15, the amount of charge

r

of the capacitor 15 can be properly maintained and over—discharge of the capacitor

15 can be prevented.
[0025]

Further, in the hybrid power supply device 10 of the embodiment, the control
section 17 controls the step-up/down converter 16 so that a voltage of the DC bus
La is always higher than a voltage of DC power supplied from the diode converter 12
to the step—up converter 13.

Since the step-up converter 13 cannot make an output voltage lower than an
input veltage, a current supplied to the DC bus La cannot be controlled by the step-up
converter 13 when the voltage of the DC bus La is lower than the engine-side voltage.
As a result, a current is supplied from the diode converter 12 to the DC bus La without
limitation. That is, the step~up converter 13 cannot control the load of the engine
generator 11 and the engine generator 11 is operated for supplying a current flowing
without limitation. Then, the engine generator 11 is overloaded, so that black smoke
may be generated and the engine generator 11 may stop in the worst case.

However, in the hybrid power supply device 10 of the embodiment, the control




12 Initially, since an output voltage of the engine generator 11 is comparatively stable:, the control
section 17 only regulates a current amount supplied from the engine generator 11 to file DC bus La
based on a supply current amount by controlling the step-up converter 13, so that the control section
17 can control electric power supplied from the engi% generator 11 to the DC bus La. Accordingly, the
control section 17 can control the electric power supplied from the engine generator 11 to the DC bus

La (a load og@@@i&ngm@og@a@gaw@swéﬂl&%wmr@@%hﬁoslaetiizg@%%av'oq“tbgtebxfé@%eCH&f&?& amount.

[0031] eanwhile, ;[lhe en%ne enerator 11 onlﬁ bears a part of the electric bower used at the
inverter 1, and thEréfsre’ 1118 neeBLEAN 168G SPIV EIBLRRY HotBP 6  1HB Cap ALRGT PSRy Hie inverter |
and the DC bugd ahbysaedifferemcerbetweenthe ehediric power usediat ¢he imverter Thantdhe electric

power suppliggkfram the,engine gensratand 1r [0032L i ne oJfdhe yoltage, of.the PG bus L4 g fixed,
electric power Sl,gpﬁleiﬁd froT the q)ybrid poyver sup{p% .device 10 can be consistent with the electric

power used at the invertar 1By Supplying a cuffant HofT the TapatitdF 15 B5 & alterehcd btween a

supply curret'amotiit grid acetrrentarioertsedplied froms the erginetgeridrator 11 to the DC bus La.
That is, if the [oopiol section 17 controls the step-up/down converter 16 and supplies the current
amount from the capacitor, 15 to tpeﬂlLDeCDgL&)suls_aLgo(%hat thﬁvoltab%% of thtehDC bus La is fIX%d, the

electric power supplied from the hybrid power stpp {}edéf)/lcggfo Canbe CEhSISRIEWIt the &lectric

power used SteHETHUEAEEPODEST 18) INsadustsiBeid ehpv ' R Hyistid rowee supply dedice 10 of the
embodiment;dt isgacidecessasycta censiderdthegotalielectdspovetaf the enginggengratar 11 and the

capacitor 15,3nd e leglic:pawenueahal ing lovarter Adgionally, he. electiic pgyer balance can

be regulated simply by regulating the current amount supplied from the engine genepr%t%rai to the DC
bus La based B A& sBpI chfent nfonrft Shd PetftiatiRg the current amount supplied from the

capacitor 15 @€ DC bus La so as to maintain the voltage of the DC bus La at a set voltage, As a

result, the control can.he perfarmedigasily ol9OB4lon1y Next a operation,gf the, hybrig pawer supply

device 10 of the embodimen} i% described.. Li
current amount and t f

e voltage of %he DC bus La are detected instead of electric power
used at the inverter I and the voltage of the DC bus La is only controlled so as to
be maintained at a predetermined set voltage, thereby regulating an electric power
balance. As a result, the control can be performed easily.
[0028]

Generally, in the case of supplying electric power from the engine generator
11 and the capacitor 15 to the inverter I, total electric power of the electric power
supplied by the engine generator 11 and the electric power supplied by the capacitor
16 must be consistent with electric power of the inverter [. Because of this, in
the conventional technique, electric power used at the inverter [ has been detected,
and an output voltage and an output current of each of the engine generator 11 and
the capacitor 15 have been controlled based on the electric power used at the inverter
I. Then, control has been performed in which the total electric power of the engine
generator 1l and the capacitor 15 is consistent with the electric power use at the
inverter I. Accordingly, in the conventional technique, a power supply device has
beencontrolledbased(nxanideaofchjectlydetectingandcontrollingelectricpowex
and therefore, control for regulating the electric power balance has been very
complicated.

[0029]

However, - the electric power balance can be easily regulated in the hybrid

power supply device 10 of the embodiment because of following reasons.

[0030]



Hereinafter, described are (1) the case where the electric motor M of the working actuator A is on
standby, (2) the case where the elentric motor M of the working actuator A is in a power running state,
and (3) the case where the electric motor M of the working actuator A performs a regenerative
operation. [00351 (1) The case where the electric motor M of the working actuator A is on
standby An electric power supply from the engine generator 11 and the capacitor 15 to the DC

bus La is stopped when 1he elegtric moiar M of;the working actuator A is on standby, that is the
inverter | does not operate the electric ?nt%t%r M. °C “The electroltic capachor T8 SRS Electric

power to the THeftet e GPIHEWSTRING it ORtOF S BG&RRIA THIE Starsouricd evbitddecof tecatgatrolytic
capacitor 18 ggradgually ldrops: dudtdes currentflowing dhrolughuardischarge resistornof anelggtrolytic

capacitor (nashownkindhe inverter 1. As the voltage o the; slestrolytic capacitor 1.8,drops, the voltage
of the DC bus Lai al§ondrops. [0036] Since the control section 17 measures the voIPagé of the DC
bus Ea, the Controf Sectibn 7 Betatt the Sebt to/ddiPcoioerter 16°art stipplics eterctric power

from the capesitor 5'teahe DT Bushkae o that theevoltage iof thieoD Cibusdi acdis al-asset value.

Specifically, mgaterapan time.ah & stgR-up, Side; lrnsistor indhe sign:yr/down copverter. 16 is
controlled toorﬁ?uklglt%htehe electtri% ower supplies to the DC bus La, and the voltage of the DC bus La is
stably at the set value, [(%rﬁf Fﬁ) The case w ere the electric motor M of the working actuator A

is in a power Fﬂﬁﬂihg state When the electric motor M of the working actuator A is in a power

running state, a curnestnamodntiequired Rydthe working.actuatar A cannet he satisfigd By, supply
i &:rietor 15 if a current amount

electric powet, (7 supp;GUILe; o e engine generator | and the capacitor 15 if a curent an
: g u unt is

. ’ , ssary te su
supplied to the working actuator A increases. Because of this. a shortige o
made up for BY S2HSERdrJ@ TR tHe BTestatyic eaisaeitor 18, A tiFE8]ence baeanihile] ¢he control
section 17 deteets:gecdurreht ametiet flowing:to: thecinvertert (@pinveramside SYIRNABquRt). Electric
power suppligd from the engine generator 11 to the DC bus La, that is, a current amount supplied from
the engine ge&e@gggor 11 to the DC bus La is determined based on a variation of the inverter-side

current amoun
If the voltage of the DC bus La is fixed, electric power supplied from the

hybrid power supply device 10 can be consistent with the electric power used at the
inverter I by supplying a current from the capacitor 15 by a difference between a
supply current amount and a current amount supplied from the engine generator 11 to
the DC bus La. That is, if the control section 17 controls the step~up/down converter
16 and supplies the current amount from the capacitor 15 to the DC bus La so that
the voltage of the DC bus La is fixed, the electric power supplied from the hybrid

power supply device 10 can be consistent with the electric power used at the inverter
I

[0033]
As described above, in the hybrid power supply device 10 of the embodiment

it 1s not necessary to consider the total electric power of the engine generator 11
and the capacitor 15 and the electric power used at the inverter I. Additionally
the electric power balance can be regulated simply by regulating the current amount
supplied from the engine generator 11 to the DC bus La based on the supply current
amount, and regulating the current amount supplied from the capacitor 15 to the DC
bus La so as to maintain the voltage of the DC bus La at a set voltage. As a result
the control can be performed easily.

[0034]

Next, an operation of the hybrid power supply device 10 of the embodiment

is described.



14 In the case where an amount of charge of the capacitor 15 is small., a load of the engine
generator 11 is determined so that electric power borne by the capacitor 15 is suppressed and a
charge to the capacitor 15 can be performed. [0039] When the current amount supplied from the
engine generator 11 to the DC bus La is determined,an instruction is transmitted from the control
section 17 to the step-up converter 13 and a current is supplied from the engine generator 11 to the

DC bus La by the dgiermined cu amount. ifically, a predetermined current js supplied to the
DC bus La by controllinag a ﬁ]%fe (ggé}r% ﬁgrgea%? té?e)osetglt?ucp)?ss%d@%dn%?seto?m‘eﬁ 1iﬁlec s?%tﬁfug ggn%grter 13. An
output, or a'TIRASFAHEEAGThE GEeratSY 1 12V drieSars PaRkiing o the-tafent dmotintsupplied tc. the

DC bus La.400410r 4 isHere,iherelectricpower suppli¢d fram dhe enginetgenesater 1 idothe DC bus
La is a part (for example; about,a:half) ofelesiric nower. recuired, for operating the electric motor M.

Because of t dgsgﬁe electrolytic capacitor 18 keeps discharging, a voltage between the terminals of the
electrolytic capacitor 18 drops, and a voltage of the DC bus La also drops. [D041] When the
voltage of the DC bk [Tacdropsirancinstrabtioniis transkhitfeddromicine sontral:section stdothe

step-up/down converter; 16 anchRiePawsTy ok & ciirentis supplied from the capagitor; 13 tosthe DC bus
La so that the ¥%§gq}o{&heDC: bus L\%IS athg g?t value. Specifically, a predetermined current is
a

# U Kby contibifing the Gate ShencifEcsrine step iR shferatisitdt i the

supplied to the us /
step-up/dowh EorivisHtertl®. [0042F invepiseofditgly nthecceapaeittrel 5learr supplyraldifference between

the current amount supplied 1o fhe-wapkingactdatosAiand the slrentamnount suprlied fram the
engine generator 11, gagl(gc further, it is also.charged to the Iectrol}(_th% cgpe%%i;g){ IS, so that the voltage

of the DC bus La can be maintained at the set value. [0043] “%° °*if the 388 Whireii& shigine

generator 11°h&& 4 'elderERETgMG rfechansmt sUdR™8e tirpisthargerchams statel wherefthe
superchargiriganedhanismidoes notfunctiom{hereingaftananen-supercharging state) . angutput of the

engine gengrait 01 cuyTent Ampwnt abtained folbithe ongipe generalor LL s smaller than that of

in a state Whgre the supercharging mechanism functions (hereinaftter, a superc grsging state). Further,

there is a tim O%gé?l]ay (hereinafter, a time lag) up to the
Since the control section 17 measures the voltage of the DC bus La, the control

section 17 operates the step—up/down converter 16 and supplies electric power from
the capacitor 15 to the DC bus La so that the voltage of the DC bus La is at z set
value, Specifically, a gate open time of a step-up side transistor in the
step—up/down converter 16 is controlled to regulate the electric power supplies to
the DC bus La and the voltage of the DC bus La is stably at the set value

[0037]

(2) The case where the electric motor M of the working actuator A is in a
power running state

When the electric motor M of the working actuator A is in a power running
state, a current amount required by the working actuator A cannot be satisfied by
supply electric power (a supply current) from the engine generator 11 and the capacitor
15 if a current amount supplied to the working actuator A increases. Because of this,
a shortage of the current amount is made up for by a discharge from the electrolytic
capacitor 18.

(0038]

Meanwhile, the control section 17 detects a current amount flowing to the
inverter I (an inverter—side current amount). Electric power supplied from the
engine generator 11 to the DC bus La, that is, a current amount supplied from the
engine generator 1l to the DC bus La is determined based on a variation of the

inverter—side current amount




15 supercharging state when a load of the engine generator 11 increases in the non-supercharging
state. In the case where a current amount required by the engine generator. 11 significantly
increases according to a significant increase of the current amount supplied to the working actuator A
and when the current amount varies from not more tihan a maximum current amount obtained at the
time of a maximum power output in the non-supercharging state to not less than the maximum current
amount, there is a p%ssil%ilitré/ that the load of the err%?éne generator 11 exceeds the maximum power
output in the non-superéharGitig Stite UMY the 155, 9h this Ree! el Briginaadéndrafsr 11 is
overloaded, ahdhslackismaskeresor Bé fetreratadednd the engine gemeratorrid varhstopadni the worst

case. Thus.thedaybrid pewer supply device 40.0fithe emhgdinent.determines a variation state of
electric power@&g&e by the engine generator 11, that is, the current amount supplied from the engine

generator 11 fo the DC bus La as described below in the case where the current amount supplied to
the working actuator Resighifieariy irtreasesppodystron thFigurn dsnardiagréinm showiligbthe variation

state of the durrentateaunéhosne Ryt the enginerganeraton 1-dn the casevhere;the eurrentamount
supplied to the warking actuator Asignificantly increases. In Figure 2, a case is shown in which the
current amounte\%luf)!< lied 1Sroerﬁ %eag?ﬁwﬁiﬁgrégrﬁ%ﬁgtSF %Dlﬁgdsrr%ﬁﬂgfﬁ;%ﬁt%gﬁgénﬁéﬁngf Hhe c\:ql/}rréonttgemount
supplied froMtrEhyBid PeRvETSHPPRA devieE 1Oy the WBRRird @étliatorredsttheitidecofmstable

operation, hawevenlobviousiyitls not limited danthel case,aQA45iopen InitialThin kiguse 2; & solid line

HP shows a gurrent.amount.RE.(hereinafier, simply,refgrred as a supply clrent amount RP) supplied
from the hybrid power suppg% dee\%ic% 10to tﬁe working ac[?ua’to?rﬁ A é%sh%}é ﬁ%ge“ﬁFgesrﬁé\e}\%% current
&

amount DP of-a RAlf&f tHE SUppIS citfefambLEP surr e SHEWASMFRIGrE?2, when tae supply

current amouh®®PIsignificantly increases In the non-supercharging state or a state where the engine
generator 11 stops, agurrent ameunt suppliedfromy the.gnging.ganerator, 11.to the RCpus La

(hereinafter, an engine cu[gent. amount %P)tis o?§olled 0 as to increase along a line of the current
amount HP. %Oﬁ% D611, §incraRse rat8 Ot the sl 8nt® SifiguAt B is FSIEE I OT K T & &ngine
generator. 11 5econsésithasigpetcharbing statef during réttucihertielindreaseeaterofltheioumrent
amount EP. discharging, a voltage between the terminals of the electrolytic capacitor 18 drops

and a voltage of the DC bus La also drops.
[0041]

When the voltage of the DC bus La drops, an instruction is transmitted from
the control section 17 to the step~up/down converter 16 and DC power, or a current
is supplied from the capacitor 15 to the DC bus La so that the voltage of the DC bus
La is at a set value. Specifically, a predetermined current is supplied to the DC
bus La by controlling the gate open time of the step-up side transistor in the
step-up/down converter 16.

[0042]

Accordingly, the capacitor 15 can supply a difference between the current
amount supplied to the working actuator A and the current amount supplied from the
engine generator 11, and further, it is also charged to the electrolytic capacitor
18, so that the voltage of the DC bus La can be maintained at the set value

[0043]

In the case where the engine generator 11 has a supercharging mechanism such
as a turbocharger, in a state where the supercharging mechanism does not function
(hereinafter, a non-supercharging state), an output of the engine generator 11, or
a current amount obtained from the engine generator 11 is smaller than that of in
a state where the supercharging mechanism functions (hereinafter, a supercharging

state).  Further, there is a time delay (hereinafter, a time lag) up to the



r0047j When the supply current amount RP is in a stable state, the engine current amount. El' is
controlled so as to be a current amount B with a bearing rate in a normai operation. While the current
amount D is larger than the current amount C, the engine generator 11 can be operated in a stable
state because the engine generator 11 is in the supgrgharging state at this time. E00481" If
control is preformed as described above, the load of the engine generator 11 does not become
excessive even though the supply current amount RP significantly varies. Because of this, black

smoke genet SR AR X stop 6t hEergint?etierstor 115 E3h BR Hraventdd. increamggttier, dracking of
the engine genesaterchdrtorthe variation of the supply current amount RP can be heightened to some

extent, the amount af,charge.ef the.capacitar.15 can.ke properly maintaingd, and.an over-gischarge

state can besg)re.v nted because the load of the engine %enerator 11 is significantly increased up to the

current amourt C bBtained st TAe tire SFHHE Atasimtin. poiah SMfBGEH the HoRtEtiEreRating state.
[00491 Pehécedsetdf Iereasingtthecenyimd eaerebtamoumntt ERoim thenen-stpercharging state or

a stop stateithe enginesusientamesnt BBis ot necessarly yasied.leng.the.ling of: the gyrrent
amount HP Hg}g;;g a hg\lf of the %{%p% current arr%ﬁunt I§P. The engine current amount EP may be

San éss than a haff or'tie %ulfﬁ%rff/ Gt aFiint RP or a line

moved along a n.néeé_”? a current amount not less
of a current BiRdAt Hot Hidrénthatra Halb ehereior depedmgl o petforthamesiofitreengime generator li
or the capacitortib. tl050%kr char {3)e T b casamherenthe: alecteg. motori of the warking actuator A

performs a I’g&%pﬁf&tl}/ﬁ ﬂp()ezr&tiggded, arWQ?ar%l;[hs o?ilggg‘rllcbgnggggrm&f &tlrrllc? %/}\{Oggni gcgl#eiltg{oé performs
a regenerative operation, electric motor M operates as a generator to supply efectric Power to the DC

bus La throughTHedHrerertteTHeRt £3/6tage of the DC bus La increases because a charging current
flows through the eléttrolytie capacitorok8rby the eleectticepowver stippligehtorthe DG busl.a through the

inverter L 17aria:i¥¥hen the valtage of the PG hys La ingreases, the.gontrol section 17 cgntrols the

step-up/down converter 16 so ghat the electrolytic capacitor 18 discharges and the voltage Is reduced
to a set valug " SPEcHCANY, Hrgat opeh tiftie SF L& BHUNMN sitid trabsiltotin the stépruphawn
converter 16#3 @ontrotid s5asitesupply electnic powet fromlthe DE bius kartorthecapaeitor 15 and
charge the capaciteeddy increases.

[0044]

Figure 2 is a diagram showing the variation state of the current amount borne
by the engine generator 11 in the case where the current amount supplied to the working
actuator A significantly increases. InFigure 2, a case is shown in which the current
amount supplied from the engine generator 1! is smaller than a half of the current
amount supplied from the hybrid power supply device 10 to the working actuator A at
the time of a stable operation, however, obviously it is not limited to the case,

[0045]

Initially, inFigure 2, a solid line RP shows a current amount RP (hereinafter,
simply referred as a supply current amount RP) supplied from the hybrid power supply
device 10 to the working actuator A. A dashed line HP shows a current amount HP of
a half of the supply current amount RP.

As shown in Figure 2, when the supply current amount RP significantly
increases in the non-supercharging state or a state where the engine generator 11
stops, a current amount supplied from the engine generator 11 to the DC bus La
(hereinafter, an engine current amount EP) is controlled so as to increase along &
line of the current amount HP.

[0046]
When the engine current amount EP reaches a current amount C obtained at the

time of a maximum power output in the non—supercharging state in the engine generator



Then, regenerated electric power from the inverter | is stored in the capacitor 15 and an increase of
the voltage of the DC bus La can be suppressed, so that the voltage of the DC bus La can be
maintained at the set value. NO511 In the case where a charging rate of the capacitor 15
becomes too high, the control section 17 limits a chakging current of the capacitor 15 by the
step-up/down converter 16 for preventing damage of the capacitor 15. Then, the voltage of the DC
lons La cannot be maintained at the set value, so that the voltage of the DC bus La increases.
When the voltage SFIRE e Bus i Bindres8e ST IRErY i phssbility tiat the letwdist-acapacitor 18
or semiconduttgrcerements andebieetralytie tcapaditorseifna conventer-and antinvertes are:damaged.
Thus, a dynamig,brake unit 19 (hereinafter, DBU 19) is provided on the DC bus La. The DBU 1.9
operates so a@igﬂow a current to a resistor and reduce the voltage of the DC bus La before the
voltage of the us La becomes a hazardous voltage. Accordingly, in the case where electric
power generated by 'thes rdgenierativelopratationof Bieielectricsmabterdvh cantiet be: alesorbed:only by

charging the-gapacitor d soreviding.the DBY can-praventdamage.of respestive Lauipment Because
of this, the r%ggpa%riatgd %ﬁ@g%n of the electrticBmo orM ce%ga safely performed. {00,52:. When

b
2 His A possibiity that e cHsaeibr 18° GRSt supply a

the charging rate of the capamtorcfga%ﬁg?%ere isa possi
difference b&RRNEE Blddtriépbiversedairdd fortparating theeedeetrithmeteiMaktheatiomel of ipower
running and eledisicpewersupplied from HeLengine generator 11. Thus, in the case where the
charging rate [%g@? capacitor 15 drops, the control section 17 controls the step-up converter 13 to
supply a current to the DC bus La and increase the voltage of the DC bus La. When the voltage of the

DC bus La increases ufPi5™8 pré dedAifb assttsibitigeore cohritaseetiohe Iencaasersttgor
step-up/dowhl corerterttéote pecforiva stepitiovwh operation farsuppressingthe increase of the

voltage of the,RCbusLa,Accordingly, glectiic, POWerIs: sunplied frgm the DG bus La to the capacitor
15. Asa resL{g, thse kEl:éi%ac%tor 15 cgﬁ be charged gp to alproper %ﬁggaiﬁggé?e?ngf§eﬁéﬁ%rt?£

Applicability 537 rev?&tﬁf}brid power supply device of the present invention is suitable for a power
supply of equipmentisupplying alettrio Howertd w RS buswof dntinvettertike arckneostbel like having

an engine generator A5 A PAWRESALIGR SUEELAS B.03hiLYLrane Of R tiresmoynted jib crane, Brief
Description %géggl%rra\{\élrégg be properly maintained, and an over—discharge state can be prevented
because the load of the engine generator 11 is significantly increased up to the
current amount C obtained at the time of the maximum power output in the
non—supercharging state.

[0049]

In the case of increasing the engine current amount EP in the
non—supercharging state or a stop state, the engine current amount FP is not
necessarily varied along the line of the current amount HP that is a half of the supply
current amount RP.  The engine current amount EP may be moved along a line of a current
amount not less than a half of the supply current amount RP or a line of a current
amount not more than a half thereof depending on performance of the engine generator
11 or the capacitor 15. '

[0050]

(8) The case where the electric motor M of the working actuator A performs
a regenerative operation

When the electric motor M of the working actuator A performs a regenerative
operation, the electric motor M operates as a generator to supply electric power to
the DC bus La through the inverter I. Then, 2 voltage of the DC bus La increases
because a charging current flows through the electrolytic capacitor 18 by the electric

power supplied to the DC bus La through the inverter I.




[00547 Figure 1 is a schematic circuit diagram of e hybrid power supply device 10 of he

embodiment; and

Figure 2 is a diagram showing a variation state of a current amount borne by an

engine generator 11 in the case where a current amount supplied to a working actuator A significantly
increases. Description of Symbols [00551 10hybrid pgwer supply device 11engine generator
111step-up converter 15capacitor 16step-up/down converter 17control. section 18electrolytic!
capacitor A working actuator inverter

When the voltage of the DC bus La increases, the control section 17 controls
the step-up/down converter 16 so that the electrolytic capacitor 18 discharges and
the voltage is reduced to a set value. Specifically, a gate open time of a step—down
side transistor in the step-up/down converter 16 is controlled so as to supply electric
power from the DC bus La to the capacitor 15 and charge the capacitor 15.

Then, regenerated electric power from the inverter I is stored in the
capacitor 15 and an increase of the voltage of the DC bus La can be suppressed, so
that the voltage of the DC bus La can be maintained at the set value,

[0051]

In the case where a charging rate of the capacitor 15 becomes too high, the
control section 17 limits a charging current of the capacitor 15 by the step—up/down
converter 16 for preventing damage of the capacitor 15. Then, the voltage of the
DC bus La cannot be maintained at the set value, so that the voltage of the DC bus
La increases,

When the voltage of the DC bus La increases, there is a possibility that the
electrolytic capacitor 18 or semiconductor elements and electrolytic capacitors in
a converter and an inverter are damaged. Thus, a dynamic brake unit 19 (hereinafter,
DBU 19) is provided on the DC bus La. The DBU 19 operates so as to flow a current
to a resistor and reduce the voltage of the DC bus La before the voltage of the DC
bus La becomes a hazardous voltage.

Accordingly, in the case where electric power generated by the regenerative
operation of the electric motor M cannot be absorbed only by charging the capacitor
15, providing the DBU can prevent damage of respective equipment. Because of this,
the regenerated operation of the electric motor M can be safely performed

[0052]

When the charging rate of the capacitor 15 drops, there is a possibility that
the capacitor 15 cannot supply a difference between electric power required for
operating the electric motor M at the time of power running and electric power supplied
from the engine generator 11. Thus, in the case where the charging rate of the
capacitor 15 drops, the control section 17 controls the step—up converter 13 to supply
a current to the DC bus La and increase the voltage of the DC bus La. When the voltage
of the DC bus La increases up to a predetermined set voltage, the control section
17 causes the step-up/down converter 16 to perform a step—down operation for
suppressing the increase of the voltage of the DC bus La.  Accordingly, electric power
is supplied from the DC bus La to the capacitor 15. As a result, the capacitor 15

can be charged up to a proper charging rate



Melectric motor 19 CLAIMS 1. A hybrid power supply device comprising an engine generator and a
capacitor, wherein that the device comprises: 5a DC bus having the engine generator and the
capacitor connected in parallJ and supplying electric power to an outside; a step-up converter
provided between the DC bus and the engine generator and controlling a current amount supplied
from the engine generator to the DC bus; a step-up/down converter provided between the DC bus and
the capacitor and 10controlling a voltage of the DC bus so as to be maintained at a predeteimined set

voltage; and

a control section controlling an operation of the step-up/down converter and the

step-up convéfett Al Applicability
[0053]

A hybrid power supply device of the present invention is suitable for a power

supply of equipment supplying electric power to a DC bus of an inverter like a crane

or the like having an engine generator as a power source such as a gantry crane or

a tire—mounted jib crane

Brief Description of the Drawings
[0054]

Figure 1 is a schematic circuit diagram of a hybrid power supply device 10

of the embodiment; and

Figure 2 is a diagram showing a variation state of a current amount borne

by an engine generator 11 in the case where a current amount supplied to a working

actuator A significantly increases.

Description of Symbols

[0055]
10 hybrid power supply device
11 engine generator
13 step-up converter
15 capacitor
16  step-up/down converter
17 control section
18 electrolytic capacitor
A working actuator

I inverter

M electric motor



the control section controls the step-up converter so as to supply a part of a 15 current amount
supplied to the outside from the engine generator to the DC bus and controls the step-up/down .,
converter so as to maintain the voltage of the DC bus at the predetermined set voltage h@gﬁ%{én an
output voltage of the engine generator. 2. The hybrid power supply device according to claim 1,
wherein the control 20section determines the currentl@mount supplied from the engine generator to
the DC bus based on the current amount supplied to the outside and an amount of charge of the
capacitor. 3. The hybrid power supply device acc dqg/[g) claim 1 or 2, wherein an 25electrolytic
capacitor is connected to the DC bus in parallel ngf]f%‘#]e engine generator and the capacitor. MCIALP

20 4. The hybrid power supply device according to claim 1 or 2, wherein the engine generator has a
supercharging mechanism, and

1. A hybrid power supply device comprising an engine generator and a capacitor,
wherein that the device comprises:
5 a DC bus having the engine generator and the capacitor connected in parallel
and supplying electric power to an outside;
a step-up converter provided between the DC bus and the engine generator and
controlling a current amount supplied from the engine generator to the DC bus;
a step-up/down converter provided between the DC bus and the capacitor and
10  controlling a voltage of the DC bus so as to be maintained at a predetermined set
voltage; and
a control section controlling an operation of the step-up/down converter and the
step-up converter, and
the control section controls the step-up converter so as to supply a part of a
15 current amount supplied to the outside from the engine generator to the DC bus and
controls the step-up/down converter so as to maintain the voltage of the DC bus at the

predetermined set voltage higher than an output voltage of the engine generator.

2. The hybrid power supply device according to claim 1, wherein the control
20  section determines the current amount supplied from the engine generator to the DC bus
based on the current amount supplied to the outside and an amount of charge of the

capacitor.

3. The hybrid power supply device according to claim 1 or 2, wherein an
25  electrolytic capacitor is connected to the DC bus in parallel with the engine generator

and the capacitor.



the control section controls an increase rate of a current amount supplied from the engine generator to
the voltage of the DC bus so that an increase rate of a current 5 amount after exceeding gmaximum
current amount obtained at the time of a non-supercharging maximum power output in which the
supercharging mechanism is not used in the engine generator is smaller than an increase rate of a
current mount up to the maximum current amount ob@ined at the time of the non-supercharging
maximum power output when the current amount supplied to the outside increases. 10 5. A control

method for a hybrid gyl PR JEVIGE SOMRISING. A0 RGNS AEAETRIY ANJRGAPRRIORGAbereI the

device comprises: aving engine generator and the capacitor connected'in parallel

and supplying.glReitis: Rawes ifeathAidisigaicthaniienud converter provided between the DC bus and
the engine generator and controlling a current amount supplied from the engine generator to the DC
bus; a step-up/dbwaatinexel providsel hetnaeisaseBe Pus sHEHaBRAEIEPRIRS ditrolling a

voltage of the DC bus so as to be maintained at a.pr rmined set voltage; and 20a contro| section
controlling an'8p&FPEABR STHERLS- U ASWAES velzg; (ﬁgﬁ%‘ e é%é%?l?plré%rr%\%?tléar?ea(ﬁa Cur{ﬁrg method

compriseg the, steR, of; €ANLQlDG fhe-SIERMRERNUBHEE Bt COBHRhSEGIONSAIRS torsupply-a part of

a current amount supplied to the outside from the engine generator to the DC bus; and controlling the
step-up/downsoexereriiy thex2boonrohsectivpusdrasviochn dietairptheherdingersttheiDC bumat the
predetermined set

used in the engine generator is smaller than an increase rate of a current amount up to

the maximum current amount obtained at the time of the non-supercharging maximum

power output when the current amount supplied to the outside increases.

10

5. A control method for a hybrid power supply device comprising an engine

generator and a capacitor, wherein the device comprises:

a DC bus having the engine generator and the capacitor connected in parallel
and supplying electric power to an outside;

15 a step-up converter provided between the DC bus and the engine generator and
controlling a current amount supplied from the engine generator to the DC bus;

a step-up/down converter provided between the DC bus and the capacitor and
controlling a voltage of the DC bus so as to be maintained at a predetermined set
voltage; and

20 a control section controlling an operation of the step-up/down converter and the
step-up converter, and

the method comprises the step of: controlling the step-up converter by the
control section so as to supply a part of a current amount supplied to the outside from
the engine generator to the DC bus; and controlling the step-up/down converter by the

25  control section so as to maintain the voltage of the DC bus at the predetermined set

voltage higher than an output voltage of the engine generator.




voltage higher than an output voltage of the engine generator. 21 6. The control method for a hybrid
power supply device according to claim 5, wherein he method comprises the step of: dete;mipLQ%the
current amount supplied from the engine generator to the DC bus based on the current ariotiit™
supplied to the outside and an amount of charge of the capacitor. 5 7. The control method for a hybrid
power supply device according to claim 5 or 6, wheréin the engine generator has a supercharging
mechanism, and the method comprises the step of controlling an increase rate of a current amount

supplied from_ the engine generator, vgl (%-8f Q&QC@% 359403t X0 dnereasaate of a
current amou?ft afte?ﬂelgc%gergl}r?g gl?rt]]i&lfnh%rm ctﬁ}rgroelnt gmount Bgta‘(isne at ?é}e timg%f a ’
non-superchagging: M raumheOweneHiRyt i whish the auperchargisgcmeshasismns agplised in the
engine generator is smaller than an increase rate of a current amount up to the maximum current

amount obtaifiethaththengine atmaeinsricsitliseRGargirtyseduamihn povoer st vherlgsetedhent

amount supplied to the outside 15increases.
ppoutsu?e fccﬁ

and an amount of charge of the capacitor.

7. The control method for a hybrid power supply device according to claim 5 or 6,
wherein the engine generator has a supercharging mechanism, and

the method comprises the step of: controlling an increase rate of a current

amount supplied from the engine generator to the voltage of the DC bus so that an

10  increase rate of a current amount after exceeding a maximum current amount obtained

at the time of a non-supercharging maximum power output in which the supercharging

mechanism is not used in the engine generator is smaller than an increase rate of a

current amount up to the maximum current amount obtained at the time of the non-

supercharging maximum power output when the current amount supplied to the outside

15  increases.




