(Description} {Title of Invention) POWNER FEEDI NG DEVI CE AND RUBBER TI RED

GANTRY CRANE | NCLUDI NG THE SAME (Technical Field) (0001) The present
invention relates to a power feeding device and a rubber tired gantry crane
i ncl udi ng the power feeding device. (Background Art) (0002) In a

container yard (see Fig. 1; details will be described |ater) at a port
container termnal, container handling operation is performed using
rubber-tired gantry cranes (hereinafter, also referred to as RTGs). The RTG
i ncl udes, &®sttistiowh | oads, a drive electric notor to drive tires, a hoist
el ectric not Qf; 40 JSoj st and |ower (to lift up and down) a container, a

vVention
transverse novenment electric notor to transversely nove a trolley, and the

| i ke. (0003)  POWER FEASINGNEBEVOEE M RUFREGSIIRED banrry drBREGrasoive anz aams vel y
pronoted in i{,l;esc C'O”I"%E&id?' ization in recent years. This hybrid RTG

NlCa

is equi pped wth a power generating device (a diesel engine and a
generator) and (a3t orage battery (a secondary battery) to supply power to

| oads such as ,dpLae, eLEatrl e MPLOL and. 2. NaLsl Sleclli g, TOLRL - . The
storage battery 15 enployed mainly for 1Re purpose B Beak-"cit Yol the
gener at or smtrwotdhedhrbrinf thegenerabeicdge@igy generated when a

cont ai ner' i S{éa% red. AI‘I;I;i s enabl es reduction in |oad fluctuation on the
generator, resulting in reduction in size of the generator. Accordingly, a

fuel efficiency?%proving effect is achieved. Meanwhi | e, net hods for
Lo e Lo oV e el B L cY BAXE 900 LS eg A ahLen o 2
st andby operttirentdirsimdyeredisg einyliby opestDmaigepdsas et Ysing rubber-tired

gantry cranes (hereinafter, also referred to as RTGs}. The RTG includes, as its

own loads, a drive electric motor to drive tireé, a hoist electric motor to heoist

and lewer (to lift up and down} a container, a transverse movement electric motor

to transversely move a trolley, and the like.

{0003}

As one of such RTGs, a hybrid RTG has been actively promoted in its-
commercialization in recent years.

This hybrid RTG is equipped with a power generating deviée (a diesel engine
and a generator} and a storage battery (a secondary battery) to supply power to
loads such as a drive electricmotor and a hoist electricmotor. The storage battery
is employed mainly for the purpose of peak-cut for the generator and collection
of regenerated energy generated when a container'is lowered. This enables reduction
in load fluctuation on the generator, resulting in reduction in size of the generator.,
Accordingly, a fuel efficiency ilﬁproving effect is achieved.

Meanwhile, methods for further improving the fuel efficiency have been
invented in which during a standby state, a generator is stopped, and the energy
required for the standby operatiron is covered solely by a storage battery,.

{0004}

In these hybrid RTG techniques, a storage battery 3 is expected to behave
as follows. Specifically, the storage battery 3 should be charged when a power
generating device 1 is in operation and when the energy consumed by a load such
as hoist electric moter 2 is small or regenerated energy is generated from the
load as shown in Fig. 10. The storage battery 3 should discharge when the eﬁergy
consumed by the load is large or the power generating device 1 is at rest as shown
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(0004) In these hybrid RTG techni ques, a storage battery 3 is
expected to behave as follows. Specifically, the storage battery 3 shoul d
be charged when a power generating device 1 is in operation and when the
energy consuned by a | oad such as hoist electric notor 2 is small or
regenerated energy is generated fromthe |oad as shown in Fig. 10. The
storage battery 3 should di scharge when the energy consuned by the load is
| arge or the power generating device 1 is at rest as shown in Fig. 11.
That is toisays. these conventional techniques do not need charge and

di scharge to be performed sinultaneously and therefore a single storage
battery consti tTitbs® tHEYst¥ragerpatireryteghnifgtsglomyapeqdfhmogend digeharde 11,
reference pUPRpadrofnednRl1eMmRs 1l Kk &4 4 s F9r Bl e BhccaYRIAAL 1,Q0s Of a
converter 5 which perforns AC/DC conversion with an inverter 6 which

per f or ms DEFEATCBIVETETET: fert Btator Thost 10 emht bnfeEriner AHTHas ) Hures)
The fol | OVhNgn@dree L XaRPELE0bs GOEMMEIHk 0abs Al donld A8F Bt Ui 65 p6l 5 Gls0KSEC
regardi ng conventional power feeding devices of RTGs. (Pat ent

Li t er at ur e“ By Fapa it SePAP BTt AP Pt Ca Pt TATBUBT PE LM GBS NB:  2009- 242088
(Patent Litenraitdeen2gisdppanese Patent Application Publication No.

2009- 23816 (Summary of Invention} (Technical Probl ens)

{Patent Literatures}

{0005}

The following are examples of conventional art literatures disclosed
regarding conventional power feeding devices of RTGs.

{Patent Literature 1} Japanese Patent Application Publication No.
2005-242088

{Patent Literature 2} Japanese Patent Application Publication No. 2009-23816

{Summary of Invention}

{Technical Problems}

{0006}

In the hybrid RTGs configured as described above based on the conventional
techniques, the power generating device 1 serves as the main source of energy for
operating the loads whereas the storage battery 3 is in the position of supporting
the power generating device 1. Thus, size reduction of the power generating device
1 has not been achieved to the ultimate level. As. a result, the logical fuel
efficiency improvement rate is staying at about 60% {substantially, about 40%}.

{0007}

In consideration of these facts, the inventors of the present application
have been attempting to develop a fully battery-powered RTG as a clean electric
RTG fromwhich the power generating device 1 is excluded. The fully battery-powered
RTG refers to an RTG in which storage batteries cover the entire operation enexrgy
required by -loads and which can therefore be operated scolely by the sterage
batteries.

To attain the goal, the storage batteries are each required to have a high
output as well as extremely long lasting performance. Moreover, since the time
requiredtocmargethestoragebafteriesinevitablybecomeslongeralongwithlarge
increase in capacity of the storage batteries, how to efficiently charge the storage

batteries is remaining as a problem.



(0006) In the hybrid RTGs configured as descri bed above based on

t he conventional techniques, the power generating device 1 serves as the
mai n source of energy for operating the | oads whereas the storage battery 3
is in the position of supporting the power generating device 1. Thus, size
reduction of the power generating device 1 has not been achieved to the
ultimate level. As a result, the logical fuel efficiency inprovenent rate
is staying at about 60% (substantially, about 40%. (0007} In

consi derati on Qgbodshese facts, the inventors of the present application have
been attenpti nq‘ to devel_o‘geﬁa_ full batter_x-\p_ovver ed RTG as a cl ean elc?ctri c
RTG fromhi ch tRePPHRBY *BEREIPRPRGeBSAR 717 XY thesE “H AHE PRIy ="

batt er y- powek egasRES bRfRE Std GrandRTG jomehicehimst aeage haht eriiceSa CONEF t he
entire operation ene%jgx required b .Ioa%s and whi ch can bther,efdor etbe

oper at ed SHSEFY Bt 5t OF e 5t TBACeT  eved: and phsop UPRT Tt HEGIM™ t he

st orage batd:e¢ iieSival®y ealpoWeedidiag de@idaave a hi gh output as well as
extrenely long lasting perfOrnmance. Moreover, since the tine required to
charge the stor3Ye bdt terfFf&d=Thevi t abl y becomes | onger al ongwi t hl ar ge

i ncrease i ncapaectdsyofthe storage batteries, howoefficiently charge the
storage batteries i s remaini n% as a. rop_l em _(1_100082 foeds dThe r_ehsent

i nventi on has BdeR TREES 1 WESR 6" tRE 458 VE ¢ P UREFAATEE™ SRd"Thus" has an
obj ect to {r Qskcalaea aoesnvkgadimaghideyiieauakd B pahiahltyacf widopgdatdrerigs power ed
RTG or the like can be achieved, and also a rubper tired gantry cranpe

[ ncl udi ng YR BBWEF TSR] (0 e e SBNRErFE) BrBBT Erer-{ 0000y T

Afirst aspaeataiaty bhetpr£santtddiae NtHeOpowpE ek diag @powethateediizgs dewhee whi ch
is installed on a convecyi ng nmachi.ne, i ncl utdest a Ibutrtal it otf storage
batteries, and “SUPBFT X BEWET TS 18 PYSRG- G "t 18- Tonveyi hy wachione Trom at

| east one f thheppl tif al iHaygablsSiarage veaid efdresy witheopowerrpie@dizng tokevi ce
characterized i n jtcthat feedl he ot her st,orage ?atdterg(evige connected to
storage batTe’y “power eedr NG 1Heans afd thuE put Ion a char geapl e state of
bei ng chargegwilsbh{pever tsuppbiagdbireny thehsdosagaebakteryd powes of eedi ng
nmeans, andt he powver Lgtegi n%l l(jaevidg:% saibq_rgl%ggeousl y all pws di scharge of the
storage battery TRt Re di Scharge “SF &t and” charge of the other storage
battery in thetzhargealfieediatad¢@jice characterized by comprising storage battery

switching means for repeatedly performing storage battery switching to switch the
storage battery in the discharge state to the chargeable state and at the same
time to switch the storage battery in the chargeable state to the discharxge state.

{0010}

A second aspect of the present invention provides the power feeding device
according to the first aspect of the present invention, characterized in that the '
storage battery switching means is configured teo perform the storage battery
sﬁitching either at a regular time interval, or at timing when a residual capacity
of the storage battery in the discharge state reaches or falls below a threshold,
the residual capacity being detected by a residual capacity detector.

{oo1r1}

A third aspect of the present invention provides, the power feeding device
according to the second aspect of the present invention, characterized in that
the threshold of the residual capacity of the storage battery corresponds to a
residual ecapacity with which power large enough for the conveying machine to
complete one work unit is féedable.

{0012}

A fourth aspect of the present invention provides the power feeding device
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t he power feeding device characterized by conprising storage battery
switching neans for repeatedly perform ng storage battery switching to
switch the storage battery in the discharge state to the chargeable state
and at the sane tinme to switch the storage battery in the chargeable state
to the discharge state. (0010} A second aspect of the present

i nvention provides the power feeding device according to the first aspect
of the present invention, characterized in that the storage battery

sWi t chi Ng PBARSidgS-GaRbhYbE etk £:0sPes Larmthetsbekagenhatiors Yhawiteetvieng
either at a regular tinme interval, or at timng when a residual capacity of
t he storagé” Fatt %y si W2t IrECAAFgEesar @t eatha?y 8t ParI¥ " B8F oW 2F°

t hreshol d, ;the fesiQuasterpasidayc-hepNg-Aat oled rhyniag rQsigual, aAPAGietY
detector. {0011} ~ Athird aspect of the present invention provides,
the power PEEEFHHY FEVIFRE CaUSE disntfst ¥ ehe™ & daHSPe Bt 0Pt he present

i nvention, chargegigrized in that the threshold of the residual capacity of
t he Storage batte_rty corresponds to a residual capacity with which power

| arge enough f ot TifRe 285 &Y iTAY PTREEMT TSRO T BIIE&te® BIFE=WbrR? 8ty F&one
feedabl e. {001&hgAaf Olirdih 188Gl Ofe 1B PE RSBk hAMEARLH: 64) Havi eestdihe
power feeding device according to anyone of the first to third aspects of
the i nvent PR CHEALATERT P98I § APTIRELRIt RISt GPdde SHAETEFS “poviet" Fé&ditfg
Means i s apyoone teins@-NenEaAntactrdlype Hheowakbel e@eidngrnEyst@m ceant@eizebype
ground power feeding equi pnent, and power generati ng eqlggji{)r_neni;l t\/\,i]li ctrll1 IS

i nstal | ed BhetREIEBAVEY PA rn%&ﬁ’i“ﬁed.e"%)ctﬁcf‘fﬁﬁrdmg to ann®9 £1 [-2aSpect of f he
present i nv@nti @frRrfavt desrade bulaedontighed ganiphyy ebaiera thel wdingromadei t s
own | oads, adrive electric nptor to drive a tire, a hoist electric notor to
hoi st and F'é\e¥e BATEOREYiHY Fargels *H8 a transverse novenent el ectric

mot or to transvieesetis-omyerfects aklmyentidts rubber tired gantry crane
characterized by conprising the power feeding device according to any one
of claims 1 to 4°%he rubber tired gantry crane being configured to supply
power to the | aadSols0mddifg Skaragachbatitery ine tiret dissahapgeidst at govwer
(Advant ageous Effects of I nvention '

eeding device which is 1nstalléh on a conveying machine, includes a plurality
of storage batteries, and supplies power to a lead of the conveyipg machine from
at least one of the plurality of storage batteries. The power feeding device is
characterized in that: the other storage battery is connected to storage battery
power feeding means and thus put in a chargeable state where the other storage
battery is charged with power supplied from the storage battery power feeding means,
and the power feeding device simultaneously allows discharge of the storage battery
in the discharge state and charge of the other storage battery in the chargeable
state; and the power feeding device comprises storage battery switching means for
repeatedly performing storage battery switching to switch the storage battery in
the discharge state to the chargeable state and at the same time to switch the
storage battery in the chargeable state to the discharge state. Since charge and
discharge can be performed simultaneously, it is possible to achieve a conveying
machine (e.g., fully battery-powered RTG) in which the storage batteries cover
the entire operation energy {power) required by the load of the conveying machine
and which can therefore be operated seclely by the storage batteries.
In addition, large reduction in size of the storage battery power feeding
means is possible. This is because in the storage battery power feeding means,
the storage battery in the chargeable state only needs supply of energy which is

the average value of the operation energy {power) required by the loads of the
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(0014} The power feeding device according to the first aspect

provi des a power feeding device which is installed on a conveying machi ne,
includes a plurality of storage batteries, and supplies power to a | oad of
t he conveying machine fromat |east one of the plurality of storage
batteries. The power feeding device is characterized in that: the other
storage battery is connected to storage battery power feeding neans and
thus put in a chargeable state where the other storage battery is charged
wi th power syppbl &0nk Ot BeostRragerhabd BiyeRensyykeediing srangration

andt hepower feeding device simultaneously allows discharge of the storage
battery intaddedldi scharge state and charge of the other storage battery in
the chargeabl e ;gpate; and the power feeding device conprises storage
battery switching nmeans for repeatedly performng stor age. battert isévg%tchi ng
to switch the Shorage EReoin iR PRETHIYCHAFTe SSPaT 852Gt e CRaT Ge4bT e
state and gf .fhe SR fdOR sl SiatHhe R 910 agendatdserypidt, the sehrasgeabl e
state to the discharge state. Since charge and discharge can be perforned
si mul t aneckesksEY PHEtPiEng Fe&hi® PRFLGEITH etrelH LeTn sy T 1G> FralTihe (8 g % ful ly
bat t er y- poyet ed R3] G ed:iuhiglit her 8lQfag@e Baltkef intSe @DMBErdeREatentidhes

oper ati on energy (pomeréﬁréecgiléi red by the load of the conve,idnq cnaé:cmne and
whi ch can ¥h&Héf dreobe threhdte =61 FFFHH” THE Y¥EGTEYe Batieries. -  In
addi tion, |Aang8.d-edleli:QhsjaRaiSda28:i10f atherst OrREe thatbesgs vpowey sfieadhng
means i s possible. This is because in _the storage battery power feeding
means, thesastles agEfoRReCt ¥ §° FAPTPRE-2Eh &t Edbte® SERE GRS ‘needs supply of
ener gy which igobfte average val ue of the operation energy (power) required
by the | oads of the conveyingmachi new tha | oss, of th%, ccterized in

st or agebat t er y She PEYEaicari o Mg  CotrsP Pl §he FalfdedT e ('ToThy The
power feediig, deVhe oL ddiNdad@cd hecsaaane aspecbnd ssRar aod efdegiedd i n
that, in the power feeding device according to the first aspect, the
storage bath Breyresii et irig esh e Lo BFRfP o (1 6°ParT 6f m the st or age”
battery swileghinig Sithes-gohaBud f-eSinduadhvyapaeichyheofo tdnplestonageskbatit ery in
the discharge state reaches or falls below a.thr esggl d, - o Al,.2..equl ar
time interiFafecdes r E¥dURr TAFEEI VY B WG detested by a Tesi dual capacity
detector. JhuSa1tddga8tPhagae Rasige pasisict ahithg dcanabe (rerd oeavbes at fans
appropriate timing in a sinple manpner. (0016 he _pover. f i.ng
devi ce accray AF o IT1e “BRiC H’%Bé’a’fhipsc’g% %fr%?:?léoﬁ’hzg%f %;ﬁ T ﬁ% 7 r?gtfeiheé power
feedi ng deM e@npas0bkl Rkt whit e seeand. aspect, the threshold of the

resi dual capacitx of the storage battery corresponds to a residual capacity
wi th which powedP®Yarge enough for the conveying machine to conplete one
work unit is fagdabla cddais adhee stofrage batcherryusidspditnies charaberiprenf or med
whenever the residual capacity of the storage batte [ ' r.ge
state reacHe&8dr FatesPWer W%ﬁ%dreve"s?ﬁaatfﬁfrdgg &eit %L%(ﬁ\%\%h%hkﬁﬁ%mgf%é?ge
enough f oradpb&:sC iy aybnge Mactirf@cts teapletenone anprke Qhiat ndnsorf-aEdedrke.
(0017) The power feeding device accordi 0 the. t t is
char act er | P¥E" i F7°T4t SYSFH™ t REEpoOWerEF &edin OH%rvir}geeJlg%c%rg im?lgg't (L;n ﬁ?ﬁggne of
the first §@etdtind easipRaitSyhithassireraged bat ther sonpeviey rhelEde ngfhteans oses any
one of a noncontact-type_power feeding syste on - d wer

f eedi ng eqifi*Preft & EBBV‘\%‘? "GRTErH ti_%bpe d’ﬂ?rprr%e%%n fsf:tﬁl%%/g% ginggélllé Qon t he
conveyi Ng MG Bewer [HHd8ingl fu@iinehedde ttiberpoir gérreatchy teeimeric bhrattibleype
power feeding system the contact-type ground. power f i L , or
the power TERBattnfPeFdrER™"s eﬁocg’gf%lné? mafﬁg'}e\éﬁﬁy?"ﬁt%g%‘gﬁﬁg%gi Fyg&%o

achi eve a g@nwaymnganaehifReatea. glelf bl | shebabtareybypomnared REGpastirehrcan be
operated solely by the storage batteries, In partic - ncontact-type
ground f ee‘dﬁnﬁ@fltﬁﬂj‘ﬁémelﬁrf’ﬁ’fﬁ‘afteg%’r’v -tﬁ‘é?/\%‘flga ﬁﬁer\’aﬁ% i #E&{: on grfhg%r %gglttd%‘c Eave

t he hi ghest, {4t whenpatanticats pctamnibe, acthoubiysi ngina anEncohtdctwE ppeEgoner
feeding system for which a large sapacily, (s difLLeuld bQ.qohi eve. (00181

feeding system for which a

{0018}

The rubber tired gantry crane accerding to the fifth aspect includes, as

its loads, a drive electric motor to drive a tire, a hoist electric motor to hoist
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The rubber tired gantry crane according to the fifth aspect includes, as
its loads, a drive electric notor to drive a tire, a hoist electric notor
tto hoist and | ower a conveying target, and a transverse novenent electric
notor to transversely nove a trolley. The rubber tired gantry crane is
characterized by conprising the power feeding device according to any one
of the first to fourth aspects and being configured to supply power to the
| oads fromthe storage battery in the discharge state in the power feeding

device. Thus 1bad08 E8AUEIG0Barglt, Sad€ Oft biiRe8iOnagabat Lesyponebideedi ng
means (a noncontact-type power feeding system contact-type ground power

f eedi ng eqtiPHETEYgEIER EWat Ty "EG6T pretft 9306FY fHEe | iPkERr1E°pees Pl e.
Ther eby, i torp$iRAS ShdboudrOrcathtizais: @ {debidinbabl BE YmPOMeme ki RRG:ibGln can be
operated solely by the storage batteries. {Brief Description of Draw ngs)
10019} aspec SF"l‘“ﬁ.beﬂg i"—einﬁ?gufe“i 5> PP eRfYSh i) 1298 FATT YAer AP TR PaXENDl e of
a general GOB{eAdiRearYaE€htt QnWhE hed retiR@ et edTIBANt L3be GEANRR: ACHOiEE NG t O
an enbodi rent of the present invention is applied. Fig. 2) Fig. 2
is an enl a‘?@‘_‘é’& sﬁéﬁaé‘f)éétttlﬁ{’/@?ﬁeé\’f\?edfngt’?’féns_r ﬂﬂo’b%“lc‘”’t‘iai’"e“ﬁnﬁé’_t‘ﬂ"“r‘ e&?"d‘y‘ié"%ﬁ?&pr di ng
to the enbadismntypefqbitas pueseBdaihd¥@Nbh&R, power generdthh@equidmdnkJor3nts a

di agram showi ng a configuration of and charge and discharge states in a
pover feedtf§ deoPEEPSr ChEPUbbets Ry Ede Famehirve pdrb R bRy 18 Fhe
enbodi Nentwiatn 1A bPr QS etled i BYQR 0Bhe storage bhfte@ies4) Fig. 4 is a diagram
show ng the confi%uratiqn of and charge and di scharge states in the power

f eedi ng devi €&6f PEHE R UBDST P ¥ gantry crane according to the enbodi nent
of the present (os¢enti on. {Fig. 5 Fig. 5is a diagramshow ng a
different configuration of and charge and di scharge states in the power
feedi ng devi ce (519 thE UV EY T AP Y B FAE" HEEREAT A1 FEEREDAI nent
of the preseftowi@NttuBPer tired gantr{ Ftafe ab6dorBih tbanl Sbaiidéagrsaime ghawhng t he
di fferent ponflguration of and charge and di scharge states in the power
feedi ng deVi'EE'0t 1t K8 T9Bber tired gantry crane according to the enbodi ment
of the present (Fiventrign.z is an enlarfdd Grspektbevied drSctha MbaGrares hmstNg a
configuration 2&:%@% %ﬂ?£§§ gﬁgthECh%[ e sta%es iqfa power feedi ng device
of a rubber >t FEF Gaft Ty Ccr ahe a@cofﬁiﬁ%‘?ﬁsﬁlrﬂ?ﬁ?éﬁ%e exanpl e.

{Fig. 3} Fig. 3is adiagramshowing a configuration of and charge and discharge
states in a power feeding device of the rubber tired gantry crane according to
the embodiment of the present invention.

{Fig. 4} Fig. 4 is a diagram showing the configuration of and charge and
discharge states in the power feeding device of the rubber tired gantry crane
according to the embodiment of the present invention.

{Fig. 5} Fig. 5 is a diagram showing a different configuration of and charge
and discharge states in the power feeding device of the rubber tired gantry crane
according to the embodiment of the present inwvention.

[Fig. €} Fig. 6 is a diagram showing the different configuration of and charge
and discharge states in the power feeding device of the rubber tired gantry crane
according to the embodiment of the present invention.

{Fig. 7} Fig. 7 is a diagram showing a configuration of and charge and discharge
states in a power feeding device of a rubber tired gantry crane according to a
reference example.

{Fig. 8} Fig. B is a diagram showing the configuration of and charge and
discharge states in the power feeding device of the rubber tired gantry crane

according to the reference example.

{Fig. 9} Fig. 9 is a chart showing how energy is consumed and generated duxring
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(Fig. 8 Fig. 8 is a diagramshow ng the configuration of and charge and

di scharge states in the power feeding device of the rubber tired gantry
crane according to the reference exanple. {Fig. 91 Fig. 9 is a chart

show nghowener gyi s consuned and generated during container handling by the
rubber tired gantry crane of the enbodi nent. {Fig. 10} Fig. 10 is a
di agram showi ng a configuration of and charge and di scharge states in a
power feeding device of a conventional rubber tired gantry crane.

( Fl g. 1 1) El)xg:-air;lek_ llxa%d?s.ngl @EM&MMdt J&gtﬁp Qlténg q:rfaéljeognbgcii_m%&q char ge and
di scharge states in the power feeding device of the conventional rubber
tired gantry cré&né: PDEsEr iLPtis oh oforEnbodiine at SpL{MELAPn of and char@rbrrdi nent s

of the pregenhaigaventdsOmh WipbleDe-A830LLR8d, DEIOW LN def alk.PR58 Jon A he
drawi ngs. (0021) First, a configuration of a general containér yard

to which a“fi5ber tired gantry crane according to an enbodi nent of the
present inventi@igi $18pQ).i 80i M Idiafgn dBS6RL REI DRSO 0N Fiehna bharge ana  AS
shown in Fig. 1, a container ship 12 is noored at a quay of a port

cont ai ner FEFRIFAFTATES 105 RAVARFST depirded thn ctiventd orrlaipher titsdgart2yvar e
unl oaded by gantry cranes (hereinafter, also referred to as GCs) 14

provi ded at the quay, and then | oaded on automated gui ded vehicles

(her ei naf t er PHICSHP L &F 6F rr@pPEB"48)AGVs) running automatically in a container
yard 15. The contajners 13 loaded on the AGYs 16 are transferred by the

AGVs 16 to correspondi ng container storage sections 17 in the container
yar d 15. Embodiments of the present invention will be described below in detail based

on the drawings.

{0021}

First, a cenfiguration of a general container yard to which a rubber tired

gantry crane according to an embodiment of the present invention is applied will
be described based on Fig. 1.
. As shown in Fig. 1, a container ship 12 is moored at a quay of a port container
terminal 11. Containers 13 loaded on the container ship 12 are unloaded by gantxy
cranes (hereinafter, alsc referred to as GCs) 14 provided at the quay, and then
loaded on automated guided vehicles (hereinafter, alsc referred to as AGVs) running
automatically in a container yard 15. The containers 13 loaded on the AGVs 16 are
transferred by the AGVs 16 to corresponding container storage sections 17 in the
container yard 15.

Rubber tired gantry cranes (RTG) 18 of this embodiment are placed in each
container storage section 17 in the container yard 15. By cargo handling operation
of the RTGs 18, the containers 13 transferred by the AGVs 16 are placed at desired
positions in the container storage sections 17.

{00622}

Meanwhile, in a case of loading containers 13 on the container ship 12, the
containers 13 placed in the container storage sections 17 are loaded on the AGVs
16 by cargo handling operation of the RTGs 18. The containers 13 loaded on the
AGVs 16 are transferred to the GCs 14 by the AGVs 16 and loaded on the container
ship 12 by cargoe handling operation of the GCs 14.

{0023}

_An outline of the RTG 18 will be described next based on Fig. 2.

As shown in Fig. 2, the RTG 18 includes a gate-shaped gantry 21 formed by
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Rubber tired gantry cranes (RTG 18 of this enbodi ment are placed in each
contai ner storage section 17 in the container yard 15. By cargo handling
operation of the RTGs 18, the containers 13 transferred by the AGY/s 16 are
pl'aced at desired positions in the container storage sections 17. {00221
Meanwhil e, in a case of |oading containers 13 on the container ship 12, the
containers 13 placed in the container storage sections 17 are | oaded on the
AGVs 16 by cargo handling operation of the RTGs 18. The containers 13

| caded on {eg ABMScchbeddt & HornstanpastdiBed bR s 4 th¥olNQ A, -dG said

| oaded on the container ship 12 by cargo handling %geration of the GCs 14.
{0023} An BubIPrEdeT ot At Bres £82wiht Frdéedes ér praddsfexter Fae 4221l gnd 2. As
shown in Rifiie2, 23hhe:83T6Gc] 8nd BEd HEles taa@atS-13hapam Qanihy o21ni 9Lg3eds by
integrally connecting horizontally-extended two beans 21A to four |egs
2113pr ovi FEIPHT 1 HI¥h Eiede 14T tHhe 2BRakts 22FA 23R Fp GP@HDvithsPai s\ fided over
the beams 23A248ndcdlaloliBsndBhve A386ri 238eor A0Kh, 338) BELadidsal hadedidvdipner end
portions of the | egs 215, respectively. The dollies 23A, 235, 23C, and 23D
are equi pped mﬂP%”gaired tires 24A, 248, 24C, and24Danddriveel ectricnotors
25A, 258, 25C, rang2aDard e5paGidyeldhg a(;QQ%ﬁeeding cable 2SS4 of REe REG:18: can
nove al ong a power feeding cable 26 |aid on the container _ _

st or agesectPHWEFEHChE’ EOM BT REIGartrits Ee-e. 2o $AdotHE Hamgtiradi-ral
directi on B3f tHeh@nEQRAt AL OREISEOLAGE 15 RE Lih@Naddl RS ad BEHG AL 8GR YpRR cAk EOW A)
upon application of rotational drive to the tires 24A to 24D fromthe drive
el ectric Mot BYFE 28R 5951 “MofEref dt, “oaf thbirgh ™ot ive IFL¥tr it 8eFort Red RTG 18
can turn tdesdol hi@scn2BAaitBoRBDhdttneudti-ie, 20Art®1248) vharinzaniakl ysby 90
degrees. By this 90-degree turn, the RTG 18 can be noved in a direction

or t hogonal™t%5°t it® poier 4 Eedf NgPTapTnE> 28 P10 arEat e By Sall~¥or s B*and

t her ef or e «li Pt acedntie @Reh hara eonRtai-AaIrt8d@hAJE: SRLCH&RRA fhédingQRARER) 26
Meanwhile, the trolley 22 is_equi pped with a hoist 27, a hoist electric

not or 28, “AnCrEFFARE VB EENDTHENTEFERTT FLRDTIGFZY. 2RI FIPE WP 6™+ 8%es 30
are attacheéekibs whe hoi st 27. A spreader 31 to |ift a container 13 is
attached to Iom&& end portions of the wire ropes 30. Hence, normal or
reverse rotati 0n2of the hoist 27 t hrough application of rotational drive to
t he hoi st el eclidainghin®t tHe 281 03URES dehRphdksih 2HoibO2M NBbiGE el NCckdle Wi re

ropes 30 and ther ebQ/ hoi st or | ower the container 13 to%et her with the
spr eader i,' and a transverse movement electricmotor 29. Multiple wire ropes 30 are attached

to the hoist 27. A spreader 31 to lift a container 13 is attached to lower end
portions of the wire ropes 30. Hence, normal or reverse rotation of the hoist 27
through application of rotational drive to the hoist electric motor 28 causes the
hoist 27 to wind or unwind the wire ropes 30 and thereby hoist or lower the container
13 together with the spreader 31.

Mozreover, ' upon application of rotational drive to drive wheels
{unillustrated) of the trolley 22 from the transverse movement electric motor 29,
the trolley 22 moves transversely, i.e., along rails (unillustrated) of the beams
21A in the loangitudinal direction of the beams 21A as indicated by an arrow C.

{0026}

A power feeding device 32 is installed on a support 21C of the gantry 21.
Power is supplied from the power feeding device 32 to loads such as the electric
motors 2Z3A to 25D, 28, and 2% of the RTG 18.

{co027}

A configuration and so forth of the power feeding device 22 will be described
next based on Figs. 3 and 4.

As shown in Figs. 3 and 4, the power feeding cable 26 as a primary coil is
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Mor eover, upon application of rotational drive to drive wheels
(unillustrated) of the trolley 22 fromthe transverse novenent electric

notor 29, the trolley 22 noves transversely, i.e., along rails
(unillustrated) of the beanms 21A in the longitudinal direction of the beans
21A as indicated by an arrow C. (0026) A power feeding device 32 is

installed on a support 21C of the gantry 21. Power is supplied fromthe
power feeding device 32 to | oads such as the electric nmotors 25A to 25D,

281 and 29c e er unillustra iia r<: . Qa S, fapr nf the
Sheldig BTG Zawi %g&%lzh 11ustrafi&G®Nfil, gl gsegg%g 2 (18 A, Forth.e L

power feeding device e described next ba on Figs. 3 and 4.
shown i n Frggesf3mgnte -fandiahgropresiveioh fvetidiondoTmiile Méanghila, prionsmyadsoivbei s

connect ed Q.2 POMEIH.S¥8L M {HDk L Ustrated) . Mha, Lng.hoand 4.2
ground tra%sforner 42, and a groahgsﬁggﬁﬁg%lFgge%ﬁgggg %3. E@gﬁghi g, a

noncont act Rgpec{rawer et ét ¥4 AFrefidtinddch nekwdr ng tabs eeuridaryvedickding
provided topihesRIG 18. rfdh§ RONEL LEGEL \YHG Byt 4é1ab'1t§ ﬁg'aépﬁ%@atw@uch

amanner as to be near the power feeding cable 26 en RTG 18 noves

al ong t he Pewereféedi ng cable 26 as indicated by the arrow A (0028)

I n other words,ghgy;Figs. 3 and 4, a noncontact-type power feeding system of
ground power feeding equipnent is enployed as storage battery power feeding
means. Iprrted gorfondentiget -t 35et poviercdngeeti-Fpesyeyt e iredPonerstsappl i ed

fromthe powero.8ySLEP ¥eadidnenapund ;high, gl 1206 board 43 | 5.t ranafor med
by the ground tra%sforner %b ?r%na higﬁgv3%tage of 600%/%b£a |OM/VO?tage

of 440 V. "FA&-power is then changed into a high frequency wave by the

char gi ng board141nangthergatlsr suppldsgd; & t;rhe%oqgiﬂ@ﬁppi&%@r&g ceable; 26.

Thus, alternating current power is obtained at the power receiving unit 44

near the pEWET™ Feélt wyuedbise 2badteoa g 1ans effetrmed Prtheorrondgirelaer
i nducti on hetween: she1pouer skeeding 1&@@41%%;30&446%. PrAI RN SOhleh ARd.t he

power receiving unit 44 (the secondary coi Being rectified by a
rectifyi ng"t? Pctiidh GPUHEY poviePy rréeehvidiey arad $42nq hhresfiteestarliergteur r ent
pover is GaEWeLdLeediOctht el Ml enteRAVEl ARt 1NeRN. 0l RULLG: of @R29)

power receiving unit 44 near the power feeding cable 26 due to an effect of
electromagnetic induction between the power feeding cable 26 (the primary coil}
and the power receiving unit 44 {the secondary ceoil). Being rectified by a
rectifying circuit of the power receiving unit 44, this alternating current power
is converted into direct current power and then outputted.

{0029}

The direct current power thus outputted from the power receiving unit 44
{power subjected to constant current and constant voltage contrel) is then supplied
and charged to any one of two storage batteries 45 and 46 of the power feeding
device 32.

{0030}

A ﬁegative terminal 45a of the storage battery 45 is grounded. A positive
terminal 45b of the storage battery 45 is connected to the power receiving unit
44 via a first contact point 47a of a storage battery switching switch 47 and also
to inverter units 49, 50, 51, 52, 53, and 54 via a first contact point 48a of a
storage battery switching switch 48. The inverter units 49_, 50, 51, 52, 53, and
54 are formed of combinations of converters 55, 56, 57, 58, 59, and 60, which perform
AC/DC conversion, with inverters &1, 62, 63, 64, 65, and 66, respectively. The
po‘sitive terminal 45b of the storage battery 45 is connected to the direct current

(DC) side of each of the inverters 61, 62, 63, 64, 65, and 66.
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The direct current power thus outputted fromthe power receiving unit 44
(power subjected to constant current and constant voltage control) is then
supplied and charged to any one of two storage batteries 45 and 46 of the
power feeding device 32. (00301 A negative term nal 45a of the
storage battery 45 is grounded. P.positive term nal 45b of the storage
battery 45 is connected to the power receiving unit 44 via a first contact
poi nt 47a of a storage battery switching switch 47 and also to inverter
units 49, 50, B5343:92, 53, and 54 via a first contact point 4-8a of a
storage battery swtching switch 48. The inverter units 49, 50, 51, 52, 53,
and 54 are for Aggseiivesabiinat femet B sonve behitsrinss isgrougged. 5§ posFivand 60,
whi ch per f.QrmACBC GOMLENSER natid D dsNMELLBES Bl B2 pfid: rO4iviBg.undnd 66,
respectively. The positive term nal 45b of the storage battery 45 is
connect ed $%oviche seiorecPriadE weint {/BOE Fisddcetocdut rergfsE i rhverthefs 284, 62,
63, 64, 65,;:8R0 8641 dPAB3Ldent (poy sicA dPedRbiotetentlnals 463063t ke, storage
battery 46 is grounded. Apositive term nal 46b of the storage battery 46 is
connect ed a8 $ERE fHevier=Ttet &pitisrig. tfi P1442vPh wisEcHAd TEALRET Y FEPY7h of
the storaggybhat Ler YesWd shiag, swidtehq4landsal so to the direct current (DC)
side of each of the inverters 61, 62, -63, 64, 65, and 66 of the inverter
units 49, 50, %4%2k52, 53, and 54 via a second contact point 48b of the
storage batter y,SWdChidigy SWAGH 48 {d032)knhe inverter BE 18l doffald BY LI I ENt
(AC) side of the inverter 61 is connected to the alternating-current

t r ansver s LipPe AT UEF &t FRES WTHToFOVoTrn RIS E 4 FRET T §° PSP GPPast Bhpt €°22 kW
vi aanel ectd,onRaRekk Cvis\WnetiktOdnagddi€e abilek BAL i1g aElh8RLy £AEIntShEes a0 t he
inverters 62, 63, 64, and 65 are connected to the alternating-current drive

el ectric rAStORIMITReTs)R3 63p%E; anthep PHFRAYEET Ea St it ES tae T or  eXalpl e 30

kW via elgeld-orpgngti LasWsbches 63 269unckQ, caplicids, afLspectdyrl Yo xihe
alternating current (AC) sides of the inverters 64 and 65 are_connected
al so to t a2 &l eeErARePrHgS Ut Fent Roifst 781 &t Fic "Rt Vol -WwiBS &1 apHdrty is
for examplg 420 kW Vi&sebeciy-0nRgnelisC saWaiChes /2 AndcFd despactivel y.
Moreover, the alternating current (AC) side of the inverter 66 i s connected
to vari ouslEURFHParTEErP AT uRTCEE S IR 7% WOREICERGhT Y S stER arad° &hr

i1l um nat @R Mdtehhalghe i RTG: d8.ek 26Ul ppechswbddively. @ a reactor 74 and a
transforner 75. (0033} In sum the two storage batteries 45 and 46
are connect ed, "§5i°Y5ar aPf &l LRI PhEVTTIEMT O st O fB° pBREreT Pelfi TGP EL em
(the powercoh@eRiY lalghltitiks 44) s¥dndast 1€aiSt @nAQE cRAHG HE YerSatd o i Ghi St bich 46
(the contact points 46a and 46b), and al so connected, in parallel, to the
| oads (t h&™Eether FE Wb r sk i 281, 2 X82aiwd Yo %hd THE T8UKF | Pari es 76)
of the RTG 18 woasit he storage battery switching swtch 47 (the contact

poi nts 47a andI 47b .thé0034

ns two sStorage batteries 45 and 46 are connected, in parallel, to
the noncontact-type power feeding system {the power xeceivihg unit 44) wvia the
storage battery switching switch 46 (the contact points 46a and 46b}, and also
connected, in parallel, to the loads (the electric motors 25A to 25D, 28 and 29
and the auxiliaries 76) of the RTG 18 wvia the storage battery switching switch
47 (the contact points 47a and 47b) - |
{0034}
Meanwhile, a residual capacity detector 78 is provided to the storage battery
45, The residual capacity detector 78 detects the residual capacity of the storage
battery 45 on the basis of a detection principle such for example as monitoring
of a terminal voltage of the storage battery 45, and outputs the detected sigpal
regarding the residual capacity to a control device 77. A residual capacity
detector 79 is provided to the storage battery 46. The residual capaclity detector

79 detects the residual capacity cf the storage battery 46 on the basis of a detection
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Meanwhi | e, a residual capacity detector 78 is provided to the storage
battery 45. The residual capacity detector 78 detects the residual capacity
of the storage battery 45 on the basis of a detection principle such for
exanpl e as nonitoring of a term nal voltage of the storage battery 45, and
out puts the detected signal regarding the residual capacity to a control
device 77. A residual capacity detector 79 is provided to the storage
battery 46. The residual capacity detector 79 detects the residual capacity
of the staragepbatdceryr £om@R ok heniRasing c0f tamied1e6i 12801 Pld AA6iagh Batsush foOr
exanpl e as nonitori gg of ,a term nal vol t_a%e of the storage battery 46, and
out put s t e FEf SETRER" §1giTAr A Gara Mg e 8e T et c §Fati ¥yo 18 EHE“Tont r ol
devi ce 77.aeMote7t.habtd batcoRtdoptrodeni-te 7imdyme he;dedi gat edh.Ley vakorage
battery switching or fg:r t he gverall control of the RTG 18. 10035)
The cont r STHAVPE&" 79 5Ot SUTE$t6PEGE Bat' ety i t chi ng command signals to
t he storage batbas; switching switches 47 and 48 on the basis of the
r esi dual capaciTt i es of %he storat%e ba;tteri es 45 and 46 detected by the
resi dual capacity “TEFEcITIE 78 UMYT78 029 Pattervgidtdy ny SYEHat 198y =
swi t chi ng tawi {tebagd 7Tbppesd erimhmy fahing of ahdQsSéOERg@adiat s ke (rosiagaz
connected to t_@,e nonghonttact-t%/agce Jower fee4di ng stystem t he power receiving
unit 44) fFBITHE <t 6iage bat ter E?‘Q“ﬁ?a PP RS BT RYS YDA YURE Bt om t he
storage bakteryr#6s taod the st orage battery 45, through opening and cl osing
operation of thhee gtiorrgte cont act oﬁ_nt 4_7ta and tge secotnd_cont act poi nt 47b
based on the st8rAGEBAATEFY LM TERT G CBMTRTI TG IAL - PHENTT ¥ E8AET 0l
devi ce 77battery to beAtonhb@e8 ametHel R odthe-Siar pger hatdiag \syStunt clak nguwani t ch
48 perfor @Eceﬁ‘(f"ﬂ cm@q of n: hg stora ebbtatter tohbe connecttted to t he | oads
(the el ectTTe WOt 61§ 25AT T " W5H°2F PHAT 28 Shd™t AR AIKPTIEMY ¢5°767°df the
RTG 18 fr @ne tsheragt Gaagey bt terntye 4botage thetst orsagen rbaiht @leyi g6zl cfds0ig t he
storage battery 46 .t0 the storage battery 45, through openin cl osing
oper at i on “BF %Oen § ¥r°hset I‘Elcr(%irgltcam?:‘iacp(f’loﬁ6L El—%axnadnt % ﬁeecm%éejg%“ﬁ ‘ptchﬁ nglctltq Qg’éfen"t 48b
based on bhehstapage daatdrerayisatibg Rbgnd GRFANJE S gRal cofitrom delas-econt r ol
device 77. {00 6)%1 .__The storage battery swtching control by the
Control devi ce TPt e dis ik Ph Rt Rl hhe BT D Rige e Rhnbey
100371 of the sEpigge DasthonsodeStanhectaiar echt Neadld nete €ehtactnopadsntsadiea of
the stora battery, switching swtch i.S,.op. egg nd the second contact
poi nt 47b9§%e?%o?n%lé ¢ ogg%l agzci)lsltl hat” tﬁ%za Stor alg% at% foénréhe4%tcﬁr§gec%ar¥%%’gt ed to
t he noncon$ aetth¢ ypeapovwetefretd nfrgydt envEbhea Powens tetis viargaUrrttedd) |
whereas the first contact paint 48a of th tqrage battery swtchi swi tch
: 45, throbgh d
48 is closéd and t He second contac ter?)c%f’rﬁtc’?zfgﬁ%f ﬁ%r%°3 aﬁtsp%ﬁ%neadarédo hat t he
st or age bsagdoed \rordimct Poponh@chbeddti@ thresfopamsb{ttthey eligehing ccompngrsg2BA t o
25D, 28, and 29 and the auxi gj aries 76) of the RTG 18. During this
state, the storage battery Z is in a discharge state as indicated by an
arrow. D in Fi gloogs! hence supplying power to the |oads of the RTG 18 or
bei ng The storage battery switching ceontrel by the control device 77 will be
described in detail based on Figs. 3 and 4.

{0037}

Fig. 3 shows a state where the first contact point 47a of the storage battery
switching switch 47 is opened and the seceond contact point 47b therecof is closed
so that the storage battery 46 is connected to the noncontact-type power feeding
system (the power receiving unit 44}, whereas the first contact peint 48a of the
storage battery switching switch 48 is closed and the second contact point 48b
thereof is opened so that the storage battery 45 is connected to the loads (the
electric motors 25A to 25D, 28, and 29 and the auxiliaries 76) of the RTG 18.

During this state, the storage battery 45 is in a discharge state as indicated

by an arrow.D in Fig. 3, hence supplying power to the loads of the RTG 18 or being
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charged with regenerated power when power is regenerated fromthe | oad such
as the hoist electric notor 28. In contrast, during the state, the storage
battery 46 is in a chargeable state as indicated by an arrow E in Fig. 3,
hence bei ng charged with power supplied fromthe noncontact-type power
feedi ng system In such state, the residual capacity of the storage
battery 46 increases whereas the residual capacity of the storage battery
45 decreases gradual ly. Then, the control device 77 outputs the storage
battery swaedHdngs tboragenmcasidgptaks wher pdher SisOfageerbadit oy 3wioedisng: ssM t ches
47 and 48 after co ring . the_residual capacity. of the storage battery 45
ot act ed breriess SRRH %ekDgel o Pkt Pos At nRa haae BRd“Tdgi ng
t hat the resistad cloapabld yradiass ieacired bohan hatdveninmb ow hdwee bhime sholyea
{00381 . As a resu the foi rst_contact oint 47a of the storage
battery swteh Ry &V p?f:endl %’Lf’mi% c°888G  ana" " hie wg’éég%ddn%gﬁ?tﬁré‘t poi nt 47b

t hereof is openeducwmbesehythehessiual ageadiat tc€rietobge cantegt@dirdceeashe
noncont act -t ype .power, feedi ng systemis switched fromthe starage battery
he ot he EHRE RO HE AR P R R Y BB PR PR B8 e 4
of the stomagenbailt&vycs W toothung tsaist ctngd Saks:ro pemedian dorivhe saeardteont act
poi nt 48b thereof i | osed, whereby the . stor e battery to be coingected to
Phe | oads Sf TRt Fe® S teiadlore i vd Warahe Bhivtf et the

st or age bafab@riyy 46.th¢ G038Ye battery 4Thiesecswd by hadstatieilsshoviny REtgrod7s
Duringthisstate, thestoragebattery 46 is in the dischar tat e. as i ndicated
by anar GirEt EhieERSlRGRAR Y A bRl LS H R A R e i T
or bei ng chargeeshwid.h regenerated power when power is regenerated fromthe
| oad such as t?&mQPi st electric notor 28. In contrast, during this state, -
the storage battery 45 is in the chargeable state as indicated by an arrow
Gin Fig. 4, haneerdselmngriehtirgedowiatth ppowes’asefpitel edrigeometdry switching
noncont act_-type,-power_feeding system_ .4 NpsUch state, the residual
capaci ty oF et Blomc il e BSHE Concace ound ML B BpenA0ARSRU0LSH ¢
of the stohageobatthettersdBodecreasesd gpadealchyentIdrerypetdreec Gerdiml syesne ce 77
outputs the siorage.battery swit.ching ,conmand. signals 1.9 Lhe storage
battery svmgtsc%?rlfg sv]fAQt cheg %?gang ﬁg”gélgter cosrﬁ)é%#qnga F%fg r5e5|A ua capacity
of the stoiwmgetizatirer \codiGectebact €3 by thhetqress: Heldkric apiachiry sretadcitors 79
with a threshal d.and iudai ng.Lhat.Lhe deal.dual s capacht yndas, teached, o
fallen belogw thaed?%r es&ho%ld.c t%oo%olf * hs a result ,het heyf?rst g%ent act
poi nt 47abafterhao fteormgectbdttb ety lonit ehithg REMIE Gl #7téhsd dpemebk: ardagshe
second contact, R9I Nt 470 I her eafi |5 .6! 0sed, whereby the storage battery to
be connected to the noncontact-type power feeding systemis switched from
the storage bat®éfly 45 to the storage battery 46. At the sane tine, the

first contact pgi @&itéﬁédsqfatéﬂeshggrpfnaﬁggbmt ﬁ&&y%&%gmgn&e%\%;aggbﬁé&ﬁ

cl osed and the second contact point 48b thereot is opened, whereby the

storage bafterdy the dhecheormueteds todichesd adsaghbv Fhe RIGI18=1ss ppitvelked from
the storagg, battQLy 48 §O0nkn8e St QL 308 PALERY: 4P redele QL NLLLLOLAS, L L0

previous state in Fig. 3 1s obtained. Here, the threshold of the residual
capacity 6&f regrehrarediiren shorlatfesirht 1sekliesoids dnekrd6 meerr Espdndentert.exanpl e

to a residual, ¢ARACILY, Wid Deshich poyers | atge, enaugh, i ot he RTG 184 o
conplete one work unit is feedable (one cycle of cargo handling; details

will be descyi bepbw gt'err)‘é‘_ig( 0:04§g§nce being charged with power supplied from the

noncontact-type power feeding system.

In such state, the residual capacity of the storage battery 45 increases
whereas the residual capacity of the storage battery 46 decreases gradually. Then,
the contrel device 77 outputs the storage battery switching command signals to
the storage battery switching switches 47 and 48 after comparing the residual
capacity of the storage battery 46 detected by the residual capacity detector 79
with a threshold and judging that the residual capacity has reached or fallen below

the threshold.
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Afterward, the storagebatterysw tchingas above is repeated, andt hus charge
and di scharge are always sinul taneously perforned. Specifically, the
storage battery switching switches 47 and 48 and the control device 77
constitute the storage battery switching neans, and this storage battery
swi tching neans repeatedly perforns the storage battery swtching to swtch
the storage battery 45 (or the storage battery 46) in the discharge state
to the chargeable state and at the sane tinme to switch the storage battery
46 (or the storaggybattery 45) in the chargeable state to the discharge
state. I nci d}ent ally, such storage battery switching is also referred
to as bank swi t&hprgsds. ithe Shirttcresatthroist 4 age tharterye 25-tesr ste" ¥ or age
battery 46) ,charged %@9@&%& L)W L5, ROWBE: k017 NGie 8421308 obat, tieEYen g6 (Or
the storage battery 45) whose residual capacity is decreased due to

di schar ge. thO@4Rpge battery ThdeAprAstefo s FrpRIGAR IS Hee Ao Yr VERTBASET BN t he
case where;stQrages ball ely s SWLLhIRGy 55 PeRhoLERdDased pnst ha det egted
signal regarding the residual capacity. However, the present invention is
not necessa&iid ythej fFttedentoct RPPtcds et Porstersnplaetewhet sPorage teatt éfy

swi tchi ng ¢osmrands Sihgnalsamah-be Qubpubl edeAbs asr MAN LR dnatLbyak from
the control device 77 to the storage battery switching switches 47 and 48.
Then, the bpestcirode spaceesd 6f thadotdsrh theoRteatt LHSrHitcr ey & Andet 118*¥&cond

contact pop0t:4/Be @f chhershol 808Dk erm auht fHa0g 8 Lol Torafe MRk, aS
“those of the first contact point 48a and the second contact gm nt 48b of

the storagé iBabtErsyd: dRFt cHEHG ShPILH %8 Rl e “RIFt T F2 a8 e i oitoTive

storage batlaLy:esWsbEhidgo COMBAdrs ZBAIS to et ius1 Wk i dyh@ S liakagesbat t ery
to be connected to the noncontact-type power feeding system (i.e., the

st orage bat#wseyerpipht e ChaFGedbIte STRICET oMayo Be s teifétrPat (Phe ¥egdfar
time interyalgfl0mithe «st-01age1bat sk vta {Lert.he storage battery 46) to
the storage battery 46 (or the storage battery 45), and the storage battery
to be connected®b'the | oads of the RTG 18 (i.e., the storage battery in
the di scharge sisat€k-1BYDE:SWHL Chedyat ddhengRgubadistdepiicidt-as vals chiae t he
storage battery 46 (or the storage battery 45) to the storage battery 45
(or the starhgesbateeery BEjYs FHOABPecusly Perioghidaover, the noncontact-type
power feeding syst@mdiSyNole debiigt 84 ct o, AnecHt Ratwiproduces: annekecicharmagnet i ¢
i nduction effect through an air gap. A power feeding systemin which
t r ansf or mefeEGEPT FAGEHRT LR BPEHT AT W8 FO5TH TBAS o "aR S F i Tord =g
M Crowave p@wehink RSNt SSheddly Ypeopete (et B:tSyYSt eMtclihg ttheswhtdsechamy be
used as appropri ate. Al so, the storage b,attery_%éower ftegditngthrreans
i s not necBE¥asi PSEEFMILP etPt 525 SHEAROREHEFY t%)?bemp&l/evefu eI Ny sy st et
Al t hough ngfarildbustsepicesha SORLAGERd YR €F sunrdpanersieadt ngregyiqpment thee. g. ,
a pant ograph-type) maybe used as the storage bat;t,\%rgh powe tfeeedi ng means.
Even in t hFe&sB eRe ‘Hank Efi CRHCAY “sTREME betwedn T he s1'6r age batteri es
45 and 46 renmimsid-h@i1s5AMEuaSstdtade bartthes@iaskingfisusisagreteenancenbastt - t ype
power feedi‘}?ﬁgt system {0044) Furt her, as sblomﬁ%n tFiésg &) cQlaang 6,
power genefHtFHGYafaT pdE=OP i) B8 *FHSFAlT &Y B1F TRERTE T ?I A
hybri d RTG{@¥mlietal GM ikl @dyerabs ths edorase bheest asage hatiteragepowmesryf Sedi ng
means. The power generating equi pnent. 91 i ncl udes an engi ne such as a
di esel eth}i?éeaﬁ?Eildéialgéh%arcé?%rlstdl’? fergsherates HEWeT" t hr ough application of
rotational driv@cig the engine. Power generated by the power generating
equi pnent 91 is subjected to AC/ DC conversion b)@ a convhertggorg% baIFeen, t he
direct current PORRICSEEPUPTER BT ST HELBHTE PP §2°(DSher Sub] ected to
const ant cukeiihg 85k 2oRsh 8iMed\bokhogteBRALIBh) réfrsitgphd sdiand ceharged to
anyone of the two storage batteries 45 and 46 _of the power fe§di n evi ce
32. Even i¥YERiS SRARE St HEVHRIIR® ST ORFTTGSEhEHE "BoIWEER “te stoTage ™
batteri es 4% anRdafboahesmi H3téhey samRndsidnhad minbé Becnasea of a uejuig: the
noncont act -type power feeding system N .

interval from the control device 77 to the storage battery switching switches 47

and 48. Then, the open/close states of the first contact point 47a and the second

contact point 47b of the storage battery switching switch 47 as well as those of

the first contact point 48a and the second contact point 48b of the storage battery
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{0045) Fig. 5 shows a state where the first contact point 47a of the
storage battery switching swwtch 47 is opened and the second contact point
47b thereof is closed so that the storage battery 46 is connected to the
power generating equi pnment 91, whereas the first contact point 48a of the
storage battery switching switch 48 is closed and the second contact point
48b .t hereof is opened so that the storage battery 45 is connected to the

| oads of the ATG 18. During this state, the storage battery 45 is in the

di scharge shalgiRSwiAdl 46alede Qi @Re@PIQWok thdsddl:Gye Pt NENGE SURPLYLNG POVRT
to the | oads of the RTG 18 or being charged with regenerated power when
power is réyeatt-at@dit ot He Jtemyedattrrade theomricstd &4 Bt Foneonpttoryr28. | n
contrast, guen@ebiig Stad€i.khecsd orade PakLes Vi 46 e hhbe Ghargeabl e
state as indicated by an arrow Min Fig. 5 hence being charged wih power
suppl i ed f FOFFENe pOtfereIendiat irrejutpRehe sookage battery 4F(ey the hoAls a
state wher ga.dchey i) &f ot act RO, 1478r efe LRI AGS BT LES YhSWLILhHI NY
switch 47 is closed and the second contact point 47b thereof is opened so
t hat the sPYTaEeTDEE GBS T thottrderédre &TE 8 Power thgetteratimgteayur pnent

91, wher eagnd Hi@chdfStrLontacte PRIBLaA8an0fre b8, $1Q A0E RAL &I dheSML LGRI NY

swtch 48 is opened and the second contact point 48b thereof is closed so
that the stUrae'bdet BtqysA639sPonTety et th ttheadedmissof 4% s WFGE®9eDuri ng
this statepatkbs, 8éQrage battery 46 is in the discharge state as indicated
by an arrow Nin Fig. 6, hence supplying power to the | oads of the ATG 18
or being chargéd®'th regenerated power when power is regenerated fromthe
| oad such as the ekst gl BGIbAG RO 2Ry #04GANLaSE is dUF hRG Lhe, Stat e,
the storage battery 45 is in the chargeable state as indicated by an arrow
0 in Fig. BPTHIATEHE Y CHAFYEAY L1 poiRR refELSpYiretshf rom t e pdwestwer
generati ngfe%Qngpé'@Bém HlwnicA46k former coup&@néjges chiibed: @iQOM,Qe:p%bﬁiQPM\EBn
feedi ng device 32 of this enbodinment is characterized as follows.

Speci fi cal¥Y? Che PpEWEF T ESEM iy CEREVICE B2 iPs PR HolRad 1By detiecékahi ch

i ncl udes twe Kt fcage batberikes 45 and 46 and supplies power to | oads of an
RTG 18 from any _one of the two storage batteries 45 and 46 (the storage
battery 45 (or “tife Yot QG patTeryPABT)ieFne sitels IPbRAGSHELY &i%tad (or

t he storage DhahtaiycdEpepswaonRetiyadsia. Shohag Rat i fEYrRoyelonfLedi,pg neans
(the noncont act-tsze power feeding system contact-type ground power

feedi ng eddr PIETS B BERErRIENef At NG PEGOY BRETFPO Y RAIS Hetrcd=fit=2Ph a
char geabl @astal@owhereadingaesiOr agen batdierods4btHe a6k ak3esh ndistherp @08 een
supplied fglomthe st or age batteréy %)ﬂ(gwer feedi ng neans. The power feeding
devi ce si nmif "ARNEEESPY At Potws>t ChEPYY Bi° 1918 28t 5P adR Bacrtwr §F a8 ke t he

st or age babh@hyatbyypepdbie redSehargenst ate and charge of the storage
battery 46 (or 30% storage battery 45) in the chargeable state. In
addition, the [50 b feedi ng devi ce includes storage battery sw tching neans
(the storage baidtBsy sWshchi RYrSML tLheS 64 fodtlyL8raify e phaut §10haydeyi ce
77) for regetaafddd%‘ erfTorm ng stora%glt batter% SwWi t chi n% to switch the
storage batiéry® ‘?’&R Frhe ‘Stor 8gEPDSTERSY A8 IV itthemdreiirtge s5tare to

t he char geatleey staireceaditg atardshe Tsap@et gbiR rins bindighedtie iStDiage, batiery 46
(or the storage bdattgré/ 45) in the chargeable state to the discharge state.
Si nce chafge ahd GrEendrds tih® BEPaF Yo't FRT=ALTt BIWEDTETF™ PRPLL & thdssi bl e
t o achi evef ardtttioyabat-ier Yo phaeeRdAn&T Cedar WRbehrthoyStir agerbadnt etk £5 cover
the entire oper q:tgi on eu}r;_ergg ggom}er) retiui red by the | cads of the RTG 18 and
whi ch can THEF S or'e" ba bperat ed-/S51 VI HP e STEFEGE “hat TP B direct In
addi ti on, chakegepsadbGtdubted ftoh kEe cafvetdie sstiphageubabtar i paveht teediing
means (the poncontact-type power feeding syste contact-type ground power
f eedi ng eaﬁ‘pb‘ﬁ’éﬁinf 81396 \wet = gEntt é‘fﬁphjgedead‘ﬁicbari‘@g% T P YOSEItBY BETTHi s i s
because i Batitheisstor ageidat trd YopeWwakdiigadivng Eanse{ thennobgRntagbatype
power feeding system contact-type ground power feeding equi pnent, or power
gener at i n@wjéglﬁﬁnﬁrf‘é’ﬁ?méf)tf’eef‘hté‘eSEFE’)’fa&@é’aUﬁt"feé‘r%/5 i thETe iy Geatire 28 ttte onl y
needs suppht ¥hofcaener gimhthnbrichhiRrayps agRrValedenOkydcbe operati on energy
(power) required by |loads of the RTG 18 with a | oss of the storage battery
ener gy taken i ¥P&Iconsi derati on (added). In particular, a noncontact ground
power feeding fiyps shelsl ysthat Lrdt-pewer RboRlLer b8intWaGlt the s€Asd SiREed t o
have the highest future potential, c_anlbe achi eved using a noncontact-type
power feeding systemfor which a | arge 4(:apaci ty is difficult to achieve.
(oo471 - Mor eover, the power feeding device 32 of this enbodi nent is
characterized in that the storage battery switching nmeans is configured to
performthe storage battery switching either when the residual capacity of
the storage battery 45 (or the storage battery 46) in the discharge state,



(00481 Furthernore, the power feeding device 32 of this enbodi nent
is characterized in that the threshold of the residual capacity of each of
the storage batteries 45 and 46 corresponds to a residual capacity with

whi ch power | arge enough for the RTG 18 to conplete one work unit is
feedabl e. Thus, the storage battery swi tching can be perforned whenever the
residual capacity of the storage battery 45 (or the storage battery 46) in
t he di scharge state reaches or falls below the residual capacity with which
power | ar gewje:nmnghsw&mh t'hes RHoed 8nd 6he BRI icontaRe pWiBK ke ThiRhérehs it eedabl e.
(0049) . t e& vant ageous, effects of the present invention w II be
descri bed I?] a oaae%eablal teﬁé ds COon’ cted tc?t e er generatlng\ﬂﬁlélﬁm?iltm fcuit

confi gur at wme@sf the hiyhattl &nk® g8na 4eomeumte| ﬁraaalgetkaemb;qametdhsn@p@ltbledaas is,
the circuit i seé’d?ﬁ .sthgle storag %&r% 81 as shdovvn in %re erence
exampl e i n Fge *go“FOr°TH s Frédso e Ferr sﬁ%aérbé Camist be
per f or med swmht ameousinycwitth thd Boa8ib OF age rRibatd. ervyirﬁil; this state, tisp@6idgecal |y,
as indicat b ows Han oun ower feeding egujpnent
(noncont ac?ctt ylyeg?roomer ddSChar 3 s?age asnlé‘e go%lml oad” %‘ér gt %’%ﬁeener gy
while it i Supcplmamglpngext tretl&tlmaazgef baatﬁzsrzys <8:1bElhtfl cadgéd ¥idn re@Setatdi pateed by
arrows J anhe OIWQI I]:.S 9: eneraq:egl Ifr:]gn g’l Sfoagrs%ch tthh% ttOI’ ag bafr:[ 't[:oerr ¥8 81 the
energy from tHe ground po feedr ng equi phent "noncont act <type power

feedi ng sysinemgsti siutiad tth@ sm@vd’aeme s@bra@ppiantedyaes isoadtt@pefaactdaane etﬁeé gy.

Supply of the eneray from rou OWET feedin

(noncont actn-%tlf/%egpg er w%ivlh gsgg/s%1 rﬁ% Rence® f?arg%uaﬁﬂsﬁaepe HEHG BR"t he
st at uses othetMet(mdsraand édmepr@hat% of the storage battery 81. For
this reason, gr Ogngs cpw\éearstja ) %}erg t}?eq J_Jggeconta(:pggaﬁgqtl theYQtorP&V%Et f.eedi ng

syst em) with aT rge capacit 0 guarant ee a Wer “1%° neet

such is greatd:f;indnlsnﬂ@rxlfiﬁglquﬂased eal tk@p:p%qomt:oraactt hcalneef?b thereof is Olbd‘fllecl
contrast, lescribed above e_pover f ing device 32 of this

embodi nent |tnhcl Udes TWe stora egl er f%sdeﬁqs ind 46° nnélasu?)p?ul@s "Sover to
| oads of arheRRG 48 f-:rr@mcansaccmenut 4tahef tohe ssbargag:ettbartsencﬁsmg%wzadd 4146 (the
storage battery 4o.{ of. the storade battery., 46))-.The. qther, storage hattery
46 (or the storage battery 4§3 I'S connecte& to storage attery po wer:

f eedi ng rréamser(yvltﬁetsn@ncmea@t tlteypedqogﬂveme R@etﬁ ngusylstteﬁm st@t:mt detstbspge

ar ound po"%l’tter?e Pglqué QETEchEtfge apeog.\?rlngj_ Igaj.e%H(No gé',)hand hence
put in a chargeable state wher &t he storage attery or 6 st orage
battery A45prplyichergedovibt Ropb\werths KEPILE ed Hetonvithesdstitr awnb&tttafépv«epomer
feedi ng ngapns.,.Jhe SDQ%EeJa@QQdE QEVICE 32, LS tﬁtﬁﬂﬁi&%@&r&gm&m& ageous'y
al | ow di scharge of the storage battery 45 (or the storage battery 4

t he di schaegeast-ateriandhe hbatge tbé stmgstber@ge ipattiaryhe fBafqyprbieherats of age
battery 48haidi-liy cha9528lG SEale neh. 3l thqggedtmh ROUEY o[edlng.flevi ce
32 is configured to repeatedly performstorage battery switching to swtch
the stor agféemmressnﬂstl(ﬂereqtlmelm &¥-age battery 46) in the discharge state
to the chargeabjgsstate and at the sane time to switch the storage battery
46 (or the storage battery 45) in the chargeable state to the discharge
state. Thus, |&r gesrddettabore: i thespaerofecdimpretire at of yihés powedintreeds ng
systemis CRQr%%I:Q_LQed uher ehy. grs%‘é@ﬂflpaqwr L8 N0: 13! A%A: N0BL QDL AT L ype

power feeding system can be achieved
feeding device which includes two storage batteries 45 and 46 and supplies power

to loads of an RTG 18 from any one of the two storage batteries 45 and 46 (the
storage battery 45 (or the storage battery 46)}. The other storage battery 46 (or
the storage battery 45) is connected to storage battery power feeding means (the
nencontact—type power feeding system, contact-type ground power feeding equipment,
or power generating equipment 91) and hence put in a chargeable state where the
storage battery 46 is charged with power supplied from the storage battery power
feeding means. The power feeding device simultaneously allows discharge of the

storage battery 45 (or the storage battery 46} in the discharge state and charge
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(0050) Fig. 9 shows how the energy is consunmed (indicated by power
on the positive side in Fig. 9) and generated (indicated by power on the
negative side in Fig. 9) during container handling operation by the RTG 18.
In Fig. 9, a portion a represents energy consunpti on when the spreader 31
is hoisted by the hoist electric notor 28 in a steady state i medi ately
before the spreader 31 is |lowered. Aportion b represents energy generation
(regenerated power) when the spreader 31 is |owered by the hoist electric
not or 28. Af pBetstorroe bhepireSBNI® SRefPyaeonsSHapt L HNinken ceargantaisngre. 13 1 S
hoi sted by_th Qist_electric notor 28.. A portion d represents.ener
consunpti of vﬁ%%%l?rﬁetl}er o eéyf%ﬁ%nﬁ s':{e‘rﬁ)c\/e edt ?‘%ﬁ SVEFEsI ]S’/a%%yry t Sﬁ“étqt%rl ah E?/%% se

el ectric nmotier st29agefoapod:lyi ONtehing priesishl & enRes ) ynd BRStHIpidl ov{d-egenetat ed
power) whep_the container 13 is | owered the hoist electric mptor 28. A
portion f fepﬁrgggﬁlpsr ener y's'%c’éal sﬁ?r%%f%n l&élnqt1f1<’es‘"'sl|5‘r:he%ufesgE PEER WS Sted by
t he hoi st eébechy storamt batt28y 4A) porthe GlisghakE§PEEFRNES tigNeHagyeabBNStHptdnan when
the RTG 18,1 %, /0ued. Y Lhe,. dnl ve SLeclhle, DU 9,280 19,220, ASqg) Lon from
the portion a to the portion g Corresponds to ong cycle {ong work unf't) of
cont ai ner Hendiarpgpbld @68Bt1to the dischAge Shown iSinds char®s atcheiscipngerpt iben of
energy required hy.t | oads r.eaches _qr._exceeds 30 Wat maxi num. |t can
be seen, ﬂ%e\:/\%\(femre,g Xt 121?’ e dher gy ConsupLi a(l)%lf"ée ?)(r%fliéya a%b?rys‘ﬁ“i’iﬁ?vﬁ%n
aver aged i in vEchghobtdrhe: bargecies|cevaf theant adenge rdtandkiangy (Even wheirean
energy | 05, Bl £360.£LnH08 3100 AR, DAL LELLES 42 A0d. 46,8, conldereg i n the
energy (30 k necessary for ol st ng an oweri ng he®cont al ner as ‘wel | as
t he transviertserigpvenent of the trolley 22 and the novenent of the RTG 18
whi ch occur in cle, .steady ener upply o r oXi ely 45 kW
shoul d pr esunal%ﬁya%%lg%g%'cgyrtgﬁefegﬁcptﬁ Iilyrér? zedgyrrétﬁ%l sg Qé‘éﬁfé’?%ggy ccor ﬁleclhl)géf’y, t he
st or age bats=er i(dg ¥icoatrt46rd poreddedios drgehargaapeakrepovwer poverfe80@gk W but
only temporatily. a heed. ta dj e, bover, of proxi_nat el 0 kWon
aver age. TR A e LR PR T 2

enbodi nentstesagzalpabtey wives Uktdion entisy (devemeagatheypperat ifestianavgyeras | ong
as it is storage.hatleru poo%@&eiﬁgg'eggp%%n%rggom@r A R
feedi ng system contact-type ground power feeding €qui pient, or powef

gener at i ng-heqpfeprveriat Gty icaprabirerarhblst gade loyls opsk yHung v powerr(yagprioxs mat el y
45 kW whigh 13,108, 3Y8L808.(4RPIOX] gﬁgrgyy(p§‘9er'§weq9immg £08Y 9y gongymed by
the loads wth energy | osses of the storagé batteries 45 and 46 taken in
consi der atliBovithia éoss sf ghageotrat therierponeroyf eedh ngtnearsdarapiabl @dddd) -
charging the,stanage balienies Ap.angd.45 idihy %&E@ghl}(%‘%&? Blohered RTG

This, as a result, nakes it possible to achieve a fully battery-powered RTG
18 even i A%aveiyesoerydpenicoritaae £he Yobegroinbrrof meditigl sypotre rrruseuiract i cal
appl I Cat! anMSnt%HUt% byweqe%dﬁ%ngsqg{ %gr gil{cfhl gl’llal::gef Ea%mittpeisvhi%\ﬁ@&llgt s of
the feeding capacity and equi pnent cost. This noncontact ground power

f eedi ng typerdhistvey battery-powered RTG 18 is considered to have the highest
future potenti@lgsbn terns of inplenentation. However, the inplenentation is
not limted to this of course. An ultimate hybrid RTG 18 on which small
power gener at i ¥yFeetfdr phe e ol isesisndsvart 86 ofrthas grbefttens dviethaFeddiitgd t ype

el ectric BIcéhg-g £¥d rs&r@géﬁ@t!t'erj&%@%ﬁirxf rfe ik p@ cglllﬁgur_lemo%ﬂ;rﬁq:he (SQQJ:Sd:é); .

Note that the above description has been given based on the case of "using

t wo st or agetisay rerticenass therdvieg  thhgaeiderl cariel for e Bt sterRge e ey 4§ (not
limted tQudbiSw @Dt L) 28 OF LS -51QL 206 DALL O L £3.1T8Y408 U3ed,; Lyen when
three or nore storage batteries are used, the power feeding device uses at

| east one cofactHedavadter 0B dof £ e idel roras) teicheatfr Bat terbesctBlsuppby power
to the | oads of.ihe. RIG, [he Qthel sstarage Rattefd Q%r%eba%‘x?&f}e%@&i&& the
storage battery power feeding neans and hence put 1 n the chargeable state
wher e t hecst ¢ ageidsatd et isesarrrerrédiar Hednyiitn e powee =oppli ed fromthe
storage battery,ppwer feeding neans. The power feeding device

si mul t aneously all ows di scharge of the storage battery in the discharge
state and char¥yetipirntdee th¢ pregdetiint éevigs 3k nf tthis efradigedbiechstradterizkd

addi tion, ;f Re. poyet, LeRdhng 8eviLealAcludes, S1OLAYE, DAL &LY, AMLEN;Ng Means
whi ch repeatedly performstorage battery switching to swtch the storage
battery i #5 rhe 44i schargeisstaterdsditehecaplratgeabh ehstrapeearidrgt etdweh Sane ti ne
to switch the storage battery in the chargeable state to the discharge
state. (0054) Mor eover, in the above description, when the ground
power feedi ng equi pnent (noncontact-type power feeding system is to feed
power, the power feeding cable



is laid along the entire container storage section 17 on which the RTG 18
noves. However, the present invention is not limted to this. A certain
nunber of points to charge the ground power feeding equi pnent

(noncont act-type power feeding system) may be provided to the container
storage section 17, the certain nunber corresponding to the nunber of cargo
handl i ng points (e.g., 10 charging points for 100 cargo handling points).
Furthernore, the power feeding device of the present invention is useful

when appligfd ks RIGe cHpnenern. Lhe powet, f:eeding dgui cenof it hg. RLESEN!
I nvention is also applicable to conveying nmachines other than RTGs (e.g.,

an AGV t hat"iffghies °h b PeFiedRderheneicd thr eajidudy pbastyi ¢ thspprwaliticry)

(0055) 45 (orTHR PHESRMatkiNeN) | ONclLlALLS L O B PQUES.f S NI dEYiGe and a
r ubber tlred_%gntry crane including the power feeding device. In
parti cul artestHEl pFeeseiy RV #htdhoprves lases eougthénr applRredet erekese ophere a

noncont actg%ond ;poMeh.fieeding type fully battery-powered RTG using a
noncont act -t ype Eomer feeding systemis to be achieved, and other cases.
{Ref erence Sigri8°4%'st) {0056} 11CONTAI NER TERM NAL 12CONTAI NER SHI P

13CONTAI NER 14@&1:\11'83(‘;51@&%1%@15( g%ects of the present invention will be described in

further detail based on Figs. 7 to 9!

When a circuit configuration of a hybrid RTG as a conventional technique
is applied as is, the circuit inecludes a single storage battery 81 as shown in
a reference example in Figs. 7 and 8. For this reason, charge and discharge cannot
be performed simultanecusly with the storage battery 81.

Specifically, as indicated by arrows H and I in Fig. 7, ground power feeding
equipment (noncoatact-~type power feeding system) needs to cover load operation
energy while it is charging the storage battery 81. In addition, as indicated by
arrows J and K in Fig. 8, during discharge of the storage battery 81, the energy
from the greound power feeding equipment (noncontact-type power feeding system)
iz fed to nowhere or applied as load operation energy. Supply of the energy from
the ground power feeding equipment (noncontact-type power feeding system) hence
fluctuates depending on the statuses of the loads and the state of the storage
battery 81.

For this reason, ground power feeding equipment (noncontact-type power
feeding system) with a large capacity to guarantee a peak power is needed, and
as such is greatly hindering practical application therecf.

In contrast, as described above, the power feeding device 32 of this
embodiment includes two storage batteries 45 and 46 and supplies power to loads
of an RTG 18 from any one of the two storage batteries 45 and 46 (the storage battery
45 (or the storage battery 46}). The other storage battery 46 (or the storage
battery 45) is connected to storage battery power feeding means (the noncontact-type

. power feeding system, contact-type ground power feeding equipment, or power
generating equipment 91) and hence put in a chargeable state where the storage
battery 46 (or the storage battery 45) is charged with power supplied from the
storage battery power feeding means. The power feeding device 32 is configured
to simultaneously allow discharge of the storage battery 45 (or the storage battery

46} in the discharge state and charge of the storage battery 46 (or the storage

17



15CONTAI NER YARD 16AUTOVATED GUI DED VEHI CLE (AGVY) 17CONTAI NER STORAGE
SECTI ON 18RUBBER TI RED GANTRY CRANE (RTG 21GANTRY 21A BEAM 21B LEG 21C
SUPPORT 22TROLLEY 23A, 23B, 23C, 23DDOLLY 24A, 24B, 24C, 24DTI RE 25A, 25B,
25C, 25D DRI VE ELECTRI C MOTOR

battery 45) in the chargeable state. In addition, the power feeding device 32 is
configured to repeatedly perform storage battery switching to switch the storage
battery 45 (or the storage battery 46) in the discharge state to the chargeable
state and at the same time teo switch the storage battery 46 {or the storage battery
45} in the chargeable state to the discharge state. Thus, large reduction in size
of a noncontact-type power feeding system is possible, whereby ground power feeding
using a noncontact-type power feeding system can be achieved.

{0050}

Fig. 9 shows how the energy is consumed (indicated by power on the positive
side in Fig. 9) and generated ({indicated by power on the negative side in Fig.
9) during container handling operation by the RTG 18. In Fig. 9, a portion a
represents energy consumption when the spreader 31 is hoisted by the hoist electric
motor 28 in a steady state immediately before the spreader 31 is lowered. A portion
b represents energy generation (regenerated power) when the spreader 31 is lowered
by the hoist electric motor 28. A portion c represents energy consumption when
a container 13 is hoisted by the hoist electric motor 28. A portion d represents
energy consumption when the treolley 22 is moved transversely by the transverse
electric motor 29. A portion e represents energy consumption (regenerated power)
when the container 13 is lowered by the hoist electric motor 28. A portion f
represents energy consumption when the spreader 31 is hoisted by the hoist electric
motor 28. A portion g represents energy consumption when the RTG 18 is moved by
the drive electric motors 25A to 25D. A section from the portion a to the portion
g corresponds to cne cycle {one work unit} of container handling.

{0051}

As shown in Fig. 9, the consumption of energy required by the loads reaches
or exceeds 300 kW at maximum. It can be seen, however, that the energy consumption
is only about 30 kW when averaged in terms of the one cycle of container handling.
Even when an energy loss of each of the storage batteries 45 and 46 is considered
in the energy (30 kW) necessary for hoisting and lowering the container as well
as the transverse movement of the trolley 22 and the movement of the RTG 18 which
occur in a steady cycle, steady energy supply of approximately 45 kW should
presumably balance the supply and demand of energy. Accordingly, the storage
batteries 45 and 46 do need to discharge peak power over 300 kW but only temporarily
and only need to discharge power of approximately 30 kW on average.

{0052}
18



26 PONER FEEDI NG CABLE 27HO ST 28HO ST ELECTRI C MOTOR 29TRANSVERSE MOVEMENT
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BOARD 42GROUND TRANSFORMER 43GROUND HI GH VOLTAGE BOARD 44PONER RECEI VI NG

UNI'T

In sum, the power feeding device 32 of this embodiment is capable of
sufficiently covering the operation energy as long as it is storage battery power
feeding means (the noncontact-type power feeding system, contact-type ground power
feeding equipment, or power generating equipment 91) capable of steadily supplying
power (approximately 45 kW) which is the average {approximately 30 kW) of the energy
consumed by the loads with energy losses of the storage batteries 45 and 46 taken
in consideration (i.e., storage battery power feeding means capable of charging
the storage batteries 45 and 46 with steady low power).

This, as a result, makes it possible to achieve a fully battery-powered RTG
18 even in a case of a noncontact-type power feeding system whose practical
application has currently been considered difficult from the viewpoints of the
feeding capacity and equipment cost. This noncontact ground power feeding type
fully battery-powered RTG 18 is considered to have the highest future potential
in terms of implementation. However, the implementation is not limited to this
of course. An ultimate hybrid RTG 18 on which small power generating equipment
91 is installed or a ground power feeding type electric RTG 18 with a small capacity
can be also implemented.

{0053}

Note that the above description has been given based on the case of using
two storage batteries 45 and 46; however, the present invention is not limited
to this, and three or more storage batteries may be used. Even when three or more
storage batteries are ﬁsed, the power feeding device uses at least one of themultiple
(three or more) storage batteries to supply power to the loads of the RTG. The
other storage batteries are connected to the storage battery power feeding means
and hence put in the chargeable state where the storage batteries are charged with
power supplied from the storage battery power feeding means. The power feeding
device simultaneously allows discharge of the storage battery in the discharge
state and charge of the storage batteries in the chargeable state. In addition,
the power feeding device includes storage battery switching means which repeatedly
perform storage battery switching to switch the storage battery in the discharge
state to the chargeable state and at the same time to switch the storage battery
in the chargeable state to the discharge state.

{0054}

Moreover, in the above description, when the ground power feeding equipment
(noncontact-type power feeding system) is to feed power, the power feeding cable
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45, 46 STORAGE BATTERY 47STORAGE BATTERY SW TCHI NG SW TCH 47a FlI RST CONTACT
PO NT 48b SECOND CONTACT PO NT 48STORAGE BATTERY SW TCHI NG SW TCH 48a FI RST
CONTACT PO NT 48b SECOND CONTACT PO NT 49, 50, 51, 52, 53, 54 INVERTER UNIT
55, 56, 57, 58, 59, 60 CONVERTER 61, 62, 63, 64, 65, 66 | NVERTER 67, 68,

69, 70, 71, 72, 73 ELECTROMAGNETI C SW TCH 74REACTOR 75TRANSFORMER

is laid along the entire container storage section 17 on which the RTG 18 moves.
However, the present invention is not limited to this. A certain number of points
to charge the ground power feeding equipment (noncontact-type power feeding system)
may be provided to the container storage section 17, the certain number
corresponding to the number of carge handling peints (e.g., 10 charging points
for 100 cargo handling points).

Furthermore, the power feeding device of the present invention is useful
when applied to RTGs. However, the power feeding device of the present invention
is also applicable to conveying machines otherxr than RTGs (e.g., an AGV that moves
in a predetermined area).

{Industrial Applicability}

{0055}

The present invention relates to a power feeding device and a rubber tired
gantry crane including the power feeding device, 1In particular, the present
invention is useful when applied to a case where a noncontact ground power feeding
type fully battery-powered RTG using a noncontact—-type power feeding system is
to be achieved, and other cases.

{Reference Signs List}

{0036}

11 ' CONTAINER TERMINAL

12 CONTAINER SHIP

13 CONTAINER

14 GANTRY CRANE (GC)

15 CONTAINER YARD

16 AUTOMATED GUIDED VEHICLE {AGV)

17 CONTAINER STORAGE SECTION

18 RUBBER TIRED GANTRY CRANE (RTG)

21 GANTRY

21A BEAM

21B LEG

21c SUPPORT

22 TROLLEY

23A, 23B, 23C, 23D DOLLY

24A, 24B, 24C, 24P TIRE

25A, 25B, 25C, 25D DRIVE ELECTRIC MOTOR
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76AUXI LI ARY 77CONTROL DEVI CE 81STORACGE BATTERY 91POVER GENERATI NG EQUI PMENT
92CONVERTER {C ains) (Caim1l) A power feeding device which is
installed on a conveying machine, includes a plurality of storage batteries
, and supplies power to a | oad of the conveying machine fromat |east one
of the plurality of storage batteries, the power feeding device
characterized in that the other storage battery is connected to storage
battery power feeding neans and thus put in a chargeable state of being
charged wi th power $&ﬂﬁ|hﬁdnkr@@mﬁhe storage battery power feeding neans ,
and the power feedin evice sinmultaneously allows discharge of the storage
battery in thezﬁlscﬁg?ﬁe state and charge of the storage battery in the
char geabl e st ats, Hoﬁﬁhﬁﬁpﬁmehmﬁ@edlng devi ce characterized by conprising
storage battery switchi ng means for geated y perform ng storage battery

switching to svi’chTEHEY Br‘?&FéMEB%tEP%CiI G H°TRe di scharge state to the
char geabl e stat® andr@at rdke sane tinme to switch the storage battery in the
chargeabl e state to the discharge state. {C aim 2)

31  SPREADER

32 POWER FEEDING DEVICE

41 CHARGING BOARD

42  GROUND TRANSFORMER

43 GROUND HIGH VOLTAGE BOARD

44 POWER RECEIVING UNIT

45, 46 STORAGE BATTERY

47 STORAGE BATTERY SWITCHING SWITCH

47a  FIRST CONTACT POINT

48b SECOND CONTACT POINT

48 STORAGE BATTERY SWITCHING SWITCH

48a FIRST CONTACT POINT

48b SECOND CONTACT POINT

49, 50, 51, 52, 53, 54 INVERTER UNIT

55, 56, 57, 58, 59, 60 CONVERTER

61, 62, €3, 64, 65, 66 INVERTER

67, 68, 69, 70, 71, 72, 73 ELECTROMAGNETIC SWITCH

74 REACTOR

75 TRANSFORMER

76 AUXILIARY

77 CONTROL DEVICE

81 STORAGE BATTERY

91 POWER GENERATING EQUIPMENT

52 CONVERTER
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The power feeding device according to claim1, characterized in thatthe
storage battery switching neans is configured to performthe storage
battery switching either at a regular time interval, or at timng when a
residual capacity of the storage battery in the discharge state reaches or
falls below a threshold, the residual capacity being detected by a residual
capacity detector. {Caim 3} The power feeding device according to
claim2, characterized in that the threshold of the residual capacity of
the storagecilbatdiery corresponds to a residual capacity w th which power

| ar ge enough{f:lpr tr]le conveying machine to conplete one work unit is

f eedabl e. Af} The power feeding device according to any one of
clains 1 to 3 po@fbhalf&ﬁﬁﬁgf isz€de ivpidnhad iddieristamagec.batigrjc-poeennfred ag

nmeans is a noncontact-ty ower feedin ste cont act-type
ground powkr" r?P%ﬁll S(‘fj}:c’legle batt?ne%tridg)’t?o%ﬁhgeén%’f“ﬁﬁ %ga i ‘g]‘né It CWHFER%T s
installed m@htrlmefr@@raveyasngonmm:hhé\@lu:a(ﬁyajfmt&age batﬂ:mbejhebbweeéegﬁﬂgry
crane mcl(tj.@ ng,,as_lts own | oads, a drive electric notor to drive a tire,

terl ed n_that .
a hoi st el €ctri ¢ notor oi's and | ower a conveying target, and a

transver se nowvepert sednen@ta Ibla’CtethiE)rcoﬁr@cfd’cﬁtbeyﬁer@l YachBMEpodtei EQdLBYmeahhie

rubber ti reccli 1g}antr lgraace ceha%;act etrl % rr?rl si.ng the power feeding
devi ce according®o a fhe aafms hflf‘ IThE PUBHET SHEPHES TERCPY crane

bei ng confstgmgedoatcerswppéyf@emrmetaﬂs i hea Itmﬂ&et rredmihfleeBtoLagetdaddsesy in

the discharge state. {d ubber ti red antry crane including, as
its own | oag glsahar éc’éflatélétsréf%age 56T tter 3" dPE VAT EAETS B2 0 AP IRPES T ¢

notor to mOsetgeamdté:tyvm the @@erwegwagstat&r,get and a transverse novement

electric notor tot sverse I the rubber tired gantry
ower Eeg:gln dev:_cé/chara %ﬁrélZﬁ%g %éé%ﬁnﬁét%ré%e 8%ttgjéycsd?g?rﬁ§g to

crane characterized onpri sing
claim4, tikeny lﬂdzrbequetatqdeﬂ pgatning Gitange bﬁtt’ﬁ@y&@m\fdhgw ed stmcs upplsyodaener to
the loads fromthe storage battery inp_the d|

ery in the discCHarges state argeab a e ang at the same time to

switch the storage battery in the chargeable state to the discharge state.

{Claim 2}

The power feeding device dccording to claim 1, characterized in that the storage
battery switching means is configured to perform the storage battery switching
either at a regular time interval, or at timing when a residual capacity of the
storage battery in the discharge state reaches or falls below a threshold, the

residual capacity being detected by a residual capacity detector.

{Claim 3}

The power feeding device according to claim 2, characterized in that the
threshold of the residual capacity of the storage battery corresponds to a residual
capacity with which power large enocugh for the conveying machine to complete one

work unit is feedable.

{Claim 4}

The power feeding device according to any one of claims 1 to 3, characterized
in that the storage battery power feeding means is any one of a noncontact-type
power feeding system, contact-type ground power feeding equipment, and power

generating equipment which is installed on the conveying machine.
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{Claim 5}

A rubber tired gantry crane including, as its own loads, a drive electric motor
to drive a tire, a hoist electric motor to hoist and lower a conveying target,
and a transverse movement electric motor to transversely move a trolley, the rubber
tired gantry crane characterized by comprising the power feeding device according
to any one of claims 1 to 3, the rubber tired gantry crane being configured to

supply power teo the loads from the storage battery in the discharge state.

{Claim 6}

A rubber tired gantry crane including, as its own loads, a drive electric motor
to drive a tire, a hoist electric motor to hoist and lower a conveying target,
and a transverse movement electricmotor to transversely move a trolley, the rubber
tired gantry crane characterized by comprising the power feeding device according
to claim 4, the rubber tired gantry crane being configured to supply power to the

loads from the storage battery in the discharge state.
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