1 {DESCRIPTION} {Title of Invention} PONER SUPPLY APPARATUS, CRANE,
AND PQAER SUPPLY METHOD {Techni cal Field} {000} The present
invention relates to a power supply apparatus for a crane, a crane,
and a power supply nethod therefor, thg crane transporting containers
in, for exanple, a container yard of a port in which a | arge nunber
of box-s GOt ners (suspension cargoes) are di sposed.
{Background Art} {0002} In a container yard of a port or other
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a large nuntbger ongr gl(E:%lon ai norenr}s g 'S¢ ?r geﬁ% rAgPrrE?'\gRAs (o] aﬂén’ 'S ec??)
These c%%ﬁﬁg stacked on top of each other as multi-stack
contain ) Dl ti-stack containers are arranged for each | ane
according to a predeterm ned |ayout. In each |ane, a self-propelled
goliath {c isigch Beldr ubber tired gantry crane (RTG is placed so
as to straddle the |l ane. The goliath crane receives/delivers
cont ai nef®Ulrlomto trailers and automatic gui ded vehicles (AGVs)
running in the | ane, and di sposes the containers in the |lane. {0003}
The present invention relates to a power supply apparatus
for a crane, a crane, and a power supply method therefor, the
crane transporting containers in, for example, a container
yard of a port in which a large number of box-shaped
containers (suspension cargoes) are disposed.
{Background Art}
{0002}
In a container yard of a port or other such place, a
large number of containers to be loaded into a ship and a
large number of containers discharged from a ship are
disposed. These containers are stacked on top of each other
as multi-stack containers, and the multi-stack containers are
arranged for each lane according to a predetermined layout.
In each lane, a self-propelled goliath crane such as a rubber
tired gantry crane (RTG) is placed so as to straddle the lane.
The goliath crane receives/delivers containers from/to
trailers and automatic guided vehicles (AGVs) running in the
lane, and disposes the containers in the lane.

{0003}

In the crane such as an RTG as described above,



In:the crane such as an RTG as descri bed above, 2 conventionally, an
engi ne, generator nmounted on the crane generates electric power, and
supplies the electric power to a driving notor and a cargo handl i ng
nmotor of the crane. Further, in the wake of the recent demand for a
reduction in environnmental |oad, a hybrid power supply system

i ncl udi t i itio ' t ' ally
Ut to prANRa PR M i SRR IR il
power - f eedi ng ,system i.s proposed as net hod of_.pronpti.ng the

reduct i &el}enlgaetn regher%trﬁ]aq oad Iaﬁqcfl R etserﬁkpear?rﬁgﬁ’l:di]%é: FeEat't @
is elimpated, and electric power is supplied froma power feeding
sour ce e WH She Tt GurfP TR thid - idite RA%P T Povidre f@édisng cabl e
and a cable reel. (00041 PTL 1 describes a crane that is driven

Wi th povrrfheagi gy fihemvws komferidicalrqrsndr daippld) fomd aarreslusgtidne in
st orage appar at us. In the crane described in PTL 1, a notor is
driven iemtiherfedted Agathnrerhydfid ewerwuntppdfy styertedr elrediudicid v
of the electric storage apparatus exceeds a first threshold, the

not or | atidamsn by ddig wl@actdd Grstaipge appaiaitss alPrg-dduoth fut to
hi gh-vol tage region and a | owvoltage region. |If the anount of stored

el ectri giftyetafcdihe £l eckii-enat-puage appapakusectal kgphebow hhe bibst
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threshol'd, the notor is driven with the conbinatio

el ectri r.fr e electric stor tus and.t.he electric
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electricit f. the electric storage apparatus falls bel ow a second
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only the electric power fromthe comercial power supply. {Ctation
Li st} generator is eliminated, and electric power is supplied from a

power feeding source provided on the ground to the crane via a
power feeding cable and a cable reel.
{0004}

PTL 1 describes a crane that is driven with power feeding
from a commercial power supply and an electric storage
apparatus.

In the crane described in PTL 1, a motor is driven in the
following manner. If the amount of stored electricity of the
electric storage apparatus exceeds a first threshold, the
motor is driven by the electric storage apparatus alone in
both a high-voltage region and a low-voltage region. If the
amount of stored electricity of the electric storage apparatus
falls beiow the first threshold, the motor is driven with the
combination use of the electric power from the electric

storage apparatus and the electric power from the commercial



{Patent Literature} {0005} {PTL 1} Japanese Unexam ned Patent

Appl i cation, Publication No. 2007-166775 {Sunmmary of |nvention}
{Techni cal Probl ent {0006} Here, the crane such as an RTG
requires the follow ng electric powers o various |oads. The electric
power required to hoist a suspension cargo is, for exanple, 150 kW
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exanpl e, approximately 35 kW That is, the crane requires an electric
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contrast, when a suspension cargo is hoisted down, the crane behaves
as a povigre (ekrGtior \PeHRE ricganeria exomoieetid e pawer supply.

{Citation List}

{Patent Literature}

{0005}

{PTL 1} Japanese Unexamined Patent Application, Publication
No. 2007-166775

{Summary of Invention}

{Technical Problem}

{0006}

Here, the crane such as an RTG requires the following
electric powers to various loads. The electric power required
to hoist a suspension cargo is, for example, 150 kW (maximum
270 kW at an overload tolerated rate of 180%), the electric
power required for traverse movement of a trolley is, for
example, 22 kW (maximum 44 kW at an overload tolerated rate of
200%), and the electric power required when the base load is
largest is, for example, approximately 35 kW. That is, the
crane requires an electric power of approximately maximum 350
kW in total.

{0007}
In contrast, when a suspension cargo is hoisted down, the

crane behaves as a power generator, and regenerates electric



power to the commercial power supply. 100081 The bal ance
bet weep such consunption and generation of electric power by the
crane is approximately several tens of kilowatts on average, and
hence |oad fluctuation in the crane may, be large in some cases.

{0009} Unfortunately, in the crane described in PTL 1, the

el ectric,pover CQPQQ e el ectric storage
apparatus 1S stuépgﬁ% ron%%h%f%&myégc%g%\/\er supply, and the

el ectric r supplied fromthe conmercial power supply fluctuates

dependi n{g 0 }ci rcunst ances. Accordingly, in the case where the crane
described in PTL 1 is applied to an RTG or other such crane, power
suppl y equi prEHt B Hemete FERRR N h TR HER SRR rat hl IPEEt Uup Ry
needs to be provided assum ng a high-voltage electric power (for
exanpl e,e kT B BOE@Aer My ddversrane el ecippropiovere fy trsvetd ortdns tdie
crane is large, further additional power supply equipnment needs to be
provi decki 1k@ltls on avéihmyer esamthémyentdah flasctheen oraden itheviewsaf
t he above-nenti oned circunstances, and therefore has an object to

provi de rgapayerl Stppl ih anp@s atdises a crane, and a power supply net hod
for reducing electric power supplied froma comrercial power supply

to the crapto thereby enable | owvoltage power 5 transm ssion.
{Sol ution to Probl ent

Unfortunately, in the crane described in PTL 1, the
electric power that cannot be covered by the electric storage
apparatus is supplied from the commercial power supply, and
the electric power supplied from the commercial power supply
fluctuates depending on circumstances. Accordingly, in the
case where the crane described in PTL 1 is applied to an RTG
or other such crane, power supply equipment for power feeding
from the commercial power supply needs to be provided assuming
a high-voltage electric power (for example, AC 6,600 V).
Moreover, if electric power fluctuation in the crane is large,
further additional power supply equipment needs to be
provided.

{0010}

The present invention has been made in view of the above-
mentioned circumstances, and therefore has an object to
provide a power supply apparatus, a crane, and a power supply
method for reducing electric power supplied from a commercial

power supply to the crane to thereby enable low-voltage power



100111 In order to solve the above-nentioned problem the power
suppl y.apparatus, the crane, and the power supply nethod according to
the present invention adopt the foll ow ng solutions. 100121

That is, a power supply apparatus according to a first aspect of the
present invention includes: a storage battery for supplying electric

power tqi%ﬂ-e%tirgrﬁ power |oad of a crane, the storage battery being
char geabl e andl I'schar geabl e; a power receiving unit for receiving

supply of redetermn el ectric power froma comercial power
suppl y; Sogla ciﬁ%ﬁ%?ﬁqter?}or calculating an electric power

di fference bhetween the electric power consuned by the electric power
| oad and 4%e el ectric power supplied fromthe comrercial power

supply; and a controlling unit for chargi ng/discharging electric
power accor ditfy amslahe elawhvg dthyovisro i frfsarteimge & gl lamd the tdwver
calculating unit, to/fromthe storage battery. 10013} Accordi ng
to the fiumgilyvaspaetrafud helpr esente | mrahttilon, pdweer oyl s uphod
apparatus according to the first aspect of the present invention

i ncl udesicddwiisiPrage hatdmraeftori rsrdd MMt ddis: liRctidic Rewry to the
el ectric power load of the 6 crane, the storage battery being

char geahklg and, i schargeabl e; and the power receiving unit that
receives the supply of the predeterm ned el ectric power fromthe
comTerci{ qPower suppl y. That is, the electric power |oad of
the crane 1s driven with the electric power discharged fromthe

st orage batt included in the crane and the electrjc power supplied
fromthe conﬁé%’&' 1S p GO I pUPP Bih @RS T e ingadq felfided a

notor for rotati ngC wheel s that serve to nove the crane and an
auxilia@fﬂﬁﬂﬂﬂQ§a qumngsent invention includes: a storage battery

for supplying electric power to an electric power load of a
crane, the storage battery being chargeable and dischargeable;
a power receiving unit for receiving supply of a predetermined
electric power from a commercial power supply; a calculating
unit for calculating an electric power difference between the
electric power consumed by the electric power load and the
electric power supplied from the commercial power supply; and
a controlling unit for charging/discharging electric power
according to the electric power difference calculated by the
calculating unit, to/from the storage battery.
{0013}

Accorxrding to the first aspect of the present invention,
the power supply apparatus according to the first aspect of
the present invention includes: the storage battery for

supplying the electric power to the electric power load of the



Then, the calculating unit calculates the electric power difference
betweep the electric power consuned by the electric power |oad and
the electric power supplied fromthe comrercial power supply, and the
controlling unit charges/discharges the electric power according to
the electric power difference cal culated by the cal culating unit,
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el ectric power discharged fromthe storage battery assists the

el ect ri PLFERETEBIPINT st FGTFHE ROEIMETET Hh D GmFtedifdsly power supply.
Accordi ngly, the power supply apparatus according to the first 7
aspect of thdhatesent tihwetadhriredusess tlhvedc|acthticc uwer isuphliivech
fromthe comercial power supply to the crane to thereby enable

| ow vol tveigéh pdwere ltarcansind ggiwer JdiGMErged frdaurdhzerstoar faenweyatsspl v
apparatus according to a second aspect of the present invention is a

povwer supincRRParatike tdidines Rl itee AQRAEIC 't el FAWA the
| oad of a crane including a power generator or a crane from which an
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i ncluding: a stora r supplying e ric power

el ectri ower. | oad, the storage battery hei char bl e _and

di schar gﬂéa)tcﬁre;foa{: FSE A é‘lﬁi\ﬁ g % % 155 Vreecncgi \ﬂoﬁfgeggglﬁplcfa@fe gnd an
predeterm ned el ectric power froma comrercial power supply; a
caIcuIaﬁqﬁfihﬁﬁyf¥ﬁﬂﬁéﬁbulating an electric power difference between
the electric power consunmed by the electric power |oad and the

el ectri d%der supplied fromthe comercial power supply; a
controlling unit for charging/discharging electric power according to
the el ectric Themer tdief foerlende tdaloc windtte & aycutllze ecalttd &tlismg rini tower
to/fromthe storage battery; and a supplying unit for converting DC

power frdahfeaehcef Hdtevesinortage dlaldteriy: athdhepeiied egeithaN@ Wit ic
into AC power and supplying the converted power to a power feeding

path | egdirg 1Qddarel ey ia Rt HRAdr {RRE1L ACGHM R @it rcial

second aspect of the present invention,

power supply, and the controlling unit charges/discharges the
electric power according to the electric power difference
calculated by the calculating unit, to/from the storage
battery.

{0015}

As a result, in the power supply apparatus according to
the first aspect of the present invention, even if the
predetermined electric power supplied from the commercial
power supply is set to be low (for example, 45 kW), the
electric power discharged from the storage battery assists the
electric power supplied from the commercial power supply.

Accordingly, the power supply apparatus according to the first



8 the power supply apparatus according to the second aspect of the
present invention supplies the AC power to the electric power |oad of
the crane including the power generator or the crane from which the
extsting power generator is elimnated; and the power supply
apparatus includes: the storage battery for supplying the electric

power t | ect.ri c t.he st orage tery bein

char geacbélsédb:cn% o? s%mear}%ge\é%rneé; %tarﬁfeenpg(}vovenr r(r)eecelevslb%heu ne|y ectechra]tg: eceives

t he suppl f. the. predeterm ned el ectric power fromthe conmmerci al
bower S TS SO Gt B HASLY (i (1 BEBGo 1  orm
each of the storage battery and the power receiving unit into the AC
power arfd' &R VAP thel QTR taste ST i aeifdiAe £ eedi ng pat h

| eading to the electric power |oad of the crane. Then, the

cal cul atifg @it cal culates the electric power difference between the
el ectric power consunmed by the electric power |load and the electric

power suppl i eshAftrtemn,t e worsrerip 1 ypeuwsra sitp acandlite teont rselddmy
unit charges/di scharges the electric power according to the electric

pover difdRiancr oL Wttty dhe GaIrc ulatd RbweY tsuddf B4 us
storage battery. {0018} That is, the power supply apparatus

accor di ng, 410 418, 150600¢ ﬁe&;e%itga‘g a&heej}%re&gﬁ%e@ | et ans 15 &00 9{?20'

to the power f I ng pat tot ctric power |oa

exi sting crange in which electri ower is supplied to.the_ 9 el.ectric
power | g%% 1buyc{aj’[nhqe HARE Y &eélreartagcr% WHerfe 57 a‘[rﬁeg feﬁoé[b R }b&ﬁere’ﬁlosg:&n&
the existing crane can be driven with the electric paower supplied
fromt h@oéﬁeg:r S R ﬁsarﬁ}%nﬁéla&ﬁﬁrert&ealpoﬁ%rs%m PPPRFGERS

As a result, in the power supply apparatus according to the second
aspect GMaHE s entstiornas et tesvweFdd sume ptiadeediedtrdd dloesty ite
power supplied fromthe comrercial power supply is set to be |low (for
exanpl e,t 5 dd\ct rtile pelveat rlicadyovigre dhitsoteareyéch tireom el nst @hageyeable
battery assists the electric power supplied fromthe comercial power

suppl y. sAerarididi@inyeddle ;pengoweliP plecaRAaiAatiis tAGRA ddt@ itvA nigh&upply
second aspect of the present invention reduces the electric power

suppl i e OPARR MBS A1 RAMBI PRIY At he ChiARe di% 1t Beely

enabl e | ow vol tage power transm ssion. {00201
supply; a calculating unit for calculating an electric power
difference between the electric power consumed by the electric
power load and the electric power supplied from the commercial
power supply; a controlling unit for charging/discharging
electric power according to the electric power difference
calculated by the calculating unit, to/from the storage
battery; and a supplying unit for converting DC power from
each of the storage battery and the power receiving unit into
AC power and supplying the converted power to a power feeding
path leading to the electric power load.

{0017}

According to the second aspect of the present invention,



In:addition, in the power supply apparatus having any of the
above-pgentioned features according to the present invention, the
crane is transferrable fromone |ane to another |ane, and the
controlling unit charges/discharges theg storage battery during
transfer of the crane between the | anes, assumng that no electric

power i I i 0

descri b?ﬁ%&&t%@%%ﬁ at t%r%%% ?ﬁ&g%%/%%%ﬁ%r%%fc&uﬁfng
the transfer of the crane between the |ane assum t.hat no ,

el oot 1 TSRS TUS B RTEET G S i 1 D R o e
even in the state where no electric power is supplied fromthe

comer ciBAYSowet2 S Ul 51§ (Pt ri 1o UGB idre (Ve SR WiotHerthe

| ane, the crane can be transferred to another |ane. A given storage
bat t er y ¢ foare whichadibsh cex st e miwgrmgrensatatery  ig el igiveated,
storage battery having an electric power capacity that is |arge

enough tamccovey ddveerrel|sgplc FpaweratoonsiuvndEdidbs i ngd het draayes frert afry
the crane between the |anes. {00221 In addition, the power

supply amparaipisl hiag nthanyl it tihe @heve-tenitionad deatd s ac ayd ng
to the present invention may have a configuration in which the

electrig SHRPIY F - ccq{%"geqr il I %bﬁ% ' t be
vari abl er\%)}t@;iairon a rgnégikéeq%géjihgg or esés\alkﬁhean t edlpre e%geéra?nﬂﬁ%d et

el ectri r 00231 .. JAccording to this configuration, the
el ectri %Oggeﬁrres%eplgflﬁlﬁj L1‘nrlotmtt1hh‘—’le c""”oerﬁner"'rcelSalt peov\S/eurppsl pp(‘\lf;/1 tIhSe set to be

variable within the range equal to or_|ess than the predeterm ned

ol ectri PR I i R A (i SRR e o RS S
consurredr%/ the electric power |load is small, the electric power
suppl i e dhi& FRRFIHHETE i ot SUpRInE iceh e R wmesen e‘gqsére@ach

of the storage battery and the power receiving unit into the
AC power and supplying the converted power to the power
feeding path leading to the electric power load of the crane.

Then, the calculating unit calculates the electric power
difference between the electric power consumed by the electric
power load and the electric power supplied from the commercial
power supply, and the controlling unit charges/discharges the
electric power according to the electric power difference
calculated by the calculating unit, to/from the storage
battery.
{0018}

That is, the power supply apparatus according to the
second aspect of the present invention is connected to the
power feeding path leading to the electric power load of the

existing crane in which electric power is supplied to the



11:{0024} In addition, in the power supply apparatus having
this configuration, the controlling unit changes the electric power
supplied fromthe comercial power supply, on a basis of a history of
a eharge state of the storage battery. 0025} As descri bed
above, the electric power supplied fromthe conmercial power supply

is chan £ %1§ﬂ£i t | st f char g t he

st or ageqﬁlgetc'?ge}rlyé.1 nce,slolcgnd tkﬂ’g gcﬂaezﬁcgl%eergeg%x%?aamdnﬁq%%%@a%hee in the
storage battery is |arge he_el.ectric power supplied. fromthe |
o ci e TR e e SR (e P GRS gty SELve, with
addition, in the power supply apparatus havi&g}this configuration

the contt™¥ ISIRFUMG RGeS RIMeL & i Ehsoviero Al st §5% mnchdhe

comerci al power supply, on a basis of a history of the electric
power suppIeIEiat el edtrdly power | oad. {0027} As descri bed
above, the electric power supplied fromthe conmercial power supply

i s changddlont t he basis of the history of the electric power supplied
to the electric power |load. Hence, in the case where the anmount of

el ectric powers conslEd byird heelpGidd e dad-dtusmidordit®y to

el ectric power supplied fromthe commercial power supply can be

further ¢hl? second aspect of the present invention, even if the
predetermined electric power supplied from the commercial
power supply 1s set to be low (for example, 45 kW), the
electric power discharged from the storage battery assists the
electric power supplied from the commercial power sﬁpply.
Accordingly, the power supply apparatus according to the
second aspect of the present invention reduces the electric
power supplied from the commercial power supply to the crane
to thereby enable low-voltage power transmission.
{0020}

In addition, in the power supply apparatus having any of
the above-mentioned features according to the present
invention, the crane is transferrable from one lane to another
lane, and the controlling unit charges/discharges the storage
battery during transfer of the crane between the lanes,
assuming that no electric power is supplied from the
commercial power supply.

{0021}

As described above, the storage battery is



reduced. {0028} In addition, in the power supply apparatus
havi ng,any of the above-nentioned features according to the present
i nvention, the crane changes acceleration in a hoisting operation in
whi ch a suspension cargo i s hoisted, tgothereby perform the hoisting
operation so as to suppress the electric power consuned by the

electric h% }}Eﬂ%decfeéfr}%é rﬂ ROVET . £ lpacEdttt eofCltc,:hneE_i ﬁgeqcr age

battery |s iC pomer suppresse Fou

hoi stin ratl on. {0029 The consuned el ectric r becones
excessi VS f? eaéw-ris 0 P w%é%rﬁaﬁﬁ

hoi sting operation of the crane. Hence, the acceleration of the

hoi st i ngtfk?pémftmﬁ?%asl @%@%&UWebﬁe@fé@es@W@ éonshredtatecthege
power is suppressed fromoccurring. As a result, according to the
present nomeamdtonic tdwvest eict rdupmpbovet Tapaditty qxﬁmndte:isilorpazgeexbaup@rlw
can be determined on the basis of the electric power suppressed

t hr ough irhedwrstiong perfadd dthe anthrid e stanrageebatdrery fayidithrge can
smal l er electric power capacity can be adopted. {0030} Furt her,

a Crane RCeAHHITE R ddidrbashectarn. tﬂeg@%ﬁe@ttoka\:f]%nb'a@.@ery is
i ncl udes: the pomer supply apparatus haV|ng any of

above- t fﬁ?} 3
driven W|t e ectr| cal%vga\?lvecreas%gsp e romthe pom]%}’ SHJ%S&} appar at u

{) 031} battery having an electric power capacity that is large enough
to cover the electric power consumed during the transfer of
the crane between the lanes.

{0022}

In addition, the power supply apparatus having any of the
above-mentioned features according to the present invention
may have a configuration in which the electric power supplied
from the commercial power supply is set to be wvariable within
a range equal to or less than the predetermined electric
power.

{0023}

According to this configuration, the electric power
supplied from the.commercial power supply is set to be
variable within the range equal to or less than the
predetermined electric power. Hence, in the case where the
amount of electric power consumed by the electric power load
is smali, the electric power supplied from the commercial

power supply can be further reduced.



According to the third aspect of the present invention, because the
power supply apparatus having any of the above-nentioned features is
provi ded, even if the predeterm ned el ectric power supplied fromthe
comrerci al power supply is set to be Ipw (for exanple, 45 kW, the

el ectric power discharged fromthe storage battery assists the

el ectri ¢ r supplied fromthe commerci al power supply.

Accordingly, the crane according to the third aspect of the present

i nvention reduces. the electri ower suppli.ed fromthe conmerci.al,
power suppl y 1 FHH e e BB B AR e o Chis
transm ssi on. 00321 Further, a power supply nethod according to
a fourt FUEPEUT G Ihe PréeSHLIHERT diiits A apsifs @ RLeGetito PTG
supplying electric power to an electric power |oad of a crane, the
crane i dardidef fram drigedmmargialf growsuppEubimy elect iba siewert teo
the electric power |oad, the storage battery bei ng chargeabl e and

di schar deadiloe;y anfd aa ghewwsye reedievigfy the tstfarageedaitiary .supply of a
predeterm ned el ectric power froma comrercial power supply, the
power supm2srethod including: a first stage of cal culating an

el ectric power difference between the electric power consunmed by the
electric povals |y dibAUbIAE SRe L HANES cﬁﬁﬁpléu%g) BRMANS the
conmer ci al power sup|oJ1 y: and a 'second stage of © ar gl /ld"l schargl ng
electric according to the .elegtric power .differenc | cul.at ed
in the ﬁ"?‘grt@sct%gle, thqc()alrigrscl)1 Rlie & c()jﬁ%‘taé1 LY erye ot the”hibtory
According. to the fourth aspec f the present .invention, in, the power
cuppl y 15 IO ATCOR RFA (e U R cl G e BrBGen; in The
invention, even if the predeterm ned electric power supplied fromthe
comer ciCAS S oRaTSs iFs rdrdeoft shser o fidre etarsioe besteny ithe

el ectric power discharged fromthe storage battery assists the

el ectri depuser thepmlicedt firomavwes comppericidal f neoweshes yppimercial power
Accordi ngly, the power supply nethod according to the fourth aspect
of the pigsant danvért ifurtheducesiddael.el ectric power supplied fromthe
commerci al power supply to the crane to thereby enable | owvoltage
power trpegission. 100341 Further, a power supply nethod
according to a fifth aspect of the present invention is a power
SuPDLY et hodf Sl QHET SSRRLEY ARRA! A ) ASUORLICSAG RO o ©
an el ectric power Toad df “a crané ncl dadi g a power generator or "a
crane frommhich an _existin ower, .generator i s elininated, the power
suppl y gﬁﬁgrlagtuﬁ§tilr?&’u&i%ﬁg :C%él%stt\gﬁwl& bet e AP AGE Ssglﬁlﬁl ﬁiﬁétécllgcg’ﬂw@r
power to the electric power |oad of the crane, the storage battery
bei ng Cﬁ%ﬁ%%k%ﬂdeféﬁ@'&m§tﬁ§¥%ﬂﬁﬂ9%§1 power supply, on a basis of a

history of the electric power supplied to the electric power
load.
{0027}

As described above, the electric power supplied from the
commercial power supply is changed on the basis of the history
of the electric power supplied to the electric power load.
Hence, in the case where the amount of electric power consumed
by the electric power load is small, the electric power

supplied from the commercial power supply can be further



15:a power receiving unit for receiving supply of a predeterm ned

el ectric power froma comercial power supply; and a supplying unit
for converting DC power fromeach of the storage battery and the
power receiving unit into AC power and;supplying the converted power
to a power feeding path leading to the electric power |oad, the power
supply nethad. jncluding: a first stage of calculating an electric
power difference between the electric power consuned by the electric
power IoQﬂEﬁgd the electric power supplied fromthe conmercial power
suppl y; second stage of charging/discharging electric power
according to the electric power difference calculated in the first
stage, to/from A itiGragd hidtheRPYaNOSSPPLY 2PRRIEHE Hg e g péy of
fifth aspect of the present invention, the power supply apparatus
havi ng dfe @bt meidviensshtieatay ofeaaaesiiage draditig toassatpr esent
invention is connected to the power feeding path of the existing
crane i nnaindh.cel,edttrd crrowerchagappldeed drattile dlrect Hiod. sedwey | oad
by the power generator, whereby the electric power |oad of the

exi sti N@arang AN rheHdrdny en sddediereletlyd 6 PowarstenPlticed HarBy
the storage battery and the commerci al power supply. As a
result, gt ddit RPN IR ;200 UAIND o dheAddld s Racdfsc
the present invention, even if the predeterm ne I"ectric power
supplied framthe co rcial power. supply is.set,tqQ be |low.(for .
exanpl e%%ﬁ(}k\ﬁnstur%'ee ram%é] éﬁ%gcteﬁieg tﬁ:C)l\Acgrp OES“lesrc Herged afnrdg R ﬁ&gﬁ%&l&ge
battery assists the electric power supplied fromthe conmercial. power
suppl y. PREEST FERGIV IR IR e s TR EISy Fodttifdy déc SRSy o Hie ety ic
aspect of the present invention reduces the electric power supplied

f r om t h@FEHRTELEPIIC SF6We I @pisity the e séridte oG nEffdodby enabl e

| ow- vol t age power transm ssion. {Advantageous Effects of Invention}
{0036} {0029}The present invention produces an excellent effect of
reducing electric power supplied froma conmercial power supply to a
crane to thermeky cemabihed @iecaltiagepenebddoaRSNes@ie@R.ive in some

cases in accordance with the acceleration of the hoisting
operatiocn of the crane. Hence, the acceleration of the
hoisting operation is changed, whereby excessive consumed
electric power is suppressed from occurring. As a result,
according to the present invention, the electric power
capacity of the storage battery can be determined on the basis
of the electric power suppressed through the hoisting
operation, and the storage battery having a smaller electric
power capacity can be adopted.
{0030}

Further, a crane according to a third aspect of the
present invention includes: the power supply apparatus having

any of the above-mentioned features; and an electric power



{Brief: Description of Drawi ngs} {0037} {Fig. 1} Fig. 1is a
perspective view illustrating a crane according to a first enbodi nent
of the present invention. {Fig. 2} Fig. 2 is a diagram schematically
ilkustrating an electrical configuratipn of the crane according to
the first enbodi ment of the present invéntion. {Fig. 3} Fig. 3is a

bl ock di ' rafJ i1 ed confi td of r.,supply
appar at ulgcg%%c@oﬂr%# ;%é t%}}[‘ﬁ% 1(3“{ TS aéeln?b%dtf lné;rﬁ%rat L‘cegbplrleescgnf{q:oo:l%ﬁvt—‘ehn i on.
{Fig. 4} Fi aﬁp{atrs)hovm ng a tenporal change in 17 electric

. 4 is aqgr
power consiited HF eacgEfF? r loads of the crane according to the
first enbodinent of the present invention. {Figs. 5} Figs. 5 are
gr aphs et Showi ng a change in hoisting speed or consuned el ectric
power in a hoisting operation according to a third enbodi nent of the
present invefi¢erdifFil Wle Rilgird dspertdiardm sotesmtt daligntion,
illustrating an electrical configuration of a crane according to a
fourth émmdisrenthofpdwer pageint dppeardtion. hdBaserdpt icoh Wfe above-
Enbodi ment s} {00381
mentioned features is provided, even if the predetermined
electric power supplied from the commercial power supply is
set to be low (for example, 45 kW), the electric power
discharged from the storage battery assists the electric power
supplied from the commercial power supply. Accordingly, the
crane according to the third aspect of the present invention
reduces the electric power supplied from the commercial power
supply to the crane to thereby enable low-voltage power
transmission.
{0032}

Further, a power supply method according to a fourth
aspect of the present invention is a power supply methed for
supplying electric power to an electric power load of a crane,
the crane including: a storage battery for supplying electric
power to the electric power load, the storage battery being
chargeable and dischargeable; and a power receiving unit for
receiving supply of a predetermined electric power from a
commercial power supply, the power supply method including: a

first stage of calculating an electric power difference

between the electric power consumed by the electric power load



Herei nafter, enbodi nents of a power supply apparatus, a crane, and a
power supply method for a crane according to the present invention
are described with reference to the draw ngs. {0039} [First

Enmbodi nent ] Hereinafter, a first,gnbodi ment of the present

i nvention is described. {0040} F}g. 1l illustrates a crane 1

acoor di nghd QNS (sl LTOISLor o Bk LR faLes die or ane

1 that is set in a novin on a | ane e Cran

configured as an electric crane with. a ground power-feedi ng _system
Chat Us SRERUaET oh e sttt SIS AR o S g
box 18 31 set on the ground, and does not include an engi ne _
gener at GPWEIh@ GG T it It £ 18 GFoer Fanedi i (e gee 2 lgpdatacusn

for the crane (hereinafter, sinply referred to as "cable reel
appar at U819 fArstoGdElge, to/from the storage battery.

{0033}

According to the fourth aspect of the present invention,
in the power supply method according to the fourth aspect of
the present invention, even i1f the predetermined electric
power supplied from the commercial power supply is set to be
low (for example, 45 kW), the electric power discharged from
the storage battery assists the electric power supplied from
the commercial power supply. Accordingly, the power supply
method according to the fourth aspect of the present invention
reduces the electric power supplied from the commercial power
supply to the crane to thereby enable low-voltage power
ftransmission.

{0034}

Further, a power supply method according to a f£ifth
aspect of the present invention is a power supply method for a
power supply apparatus that supplies AC power to an electric
power load of a crane including a power generator or a crane
from which an existing power generator is eliminated, the
power supply apparatus including: a storage battery for
supplying electric power to the electric power load of the

crane, the storage battery being chargeable and dischargeable;



The crane 1 is a so-called rubber tired gantry crane (RTG, which is
a self-propelled goliath crane including a plurality of wheels
(rubber tires) 3. The crane 1 is placed so as to straddle the |lane R
Ch the lane R, a plurality of contalnei§ (hereinafter, referred to as
"suspension cargos") are stacked on top of each ot her as mul ti -stack

sus en5|o r out. e C

m)vgs in Lbn%?e{ ong|ctaecl§'qL 24 qg} rec I on gﬁ QHH éo y( nOVi ndD c{regcc r|molr%7“3d
. 10042} The cr ne 1 includes, four novi n aratuses 5

oot (RS oA (g et L) m%ehﬁaﬁg b ARe Y ing

i ncl udes four_wheel s 3 The drive of the nDV|ng apparatus 5 is

cont r ol I'6d- oy F AAPHRIHRIDMRGT RISy Tpsparads oF thfe stokaug battery
apparatus 5 is provided with an autonmatic steering sensor 6. The

aut omat iag Sk ttder inwy esensore 167 idet antis nagretiG mdweagmaadregipetlivel nguitde
line 15 laid in the longitudinal direction of the lane R Wth this
confi guratnvatddeaieaned <o didainig galdly InmmBichetiaitghy in the
noving direction X. 19 {0043} The novi ng apparatuses 5 that
are adj aceit dit tddoVIidah , didiRC td AR XX G188 RRANIY it 8 ng -
left-right direction are coupled to each ot her by a Iomer bean19 and

the ”DV?I]E&#L“ O'J N ARPANALLS oh 1) rl@ Not e

that th |rect|on refers to t |ng dlrectlon 5? t he
crane 1, dth fro ack direction refe t he _novi ng direction
(traver & d“eeé%m on e@)ec T 09y 26 mﬁ?{eijé’ g%’fei r‘ﬁlﬁc&r{sl%alpé""i‘?fs&t?ad
on the att tude of an operator in an operator’'s room 22 set to the
trol | ey 3 HG0A4eCtric PRYSY, SURTYGeSB Hoad fgi s SRe Elisd posAtded
in the cent er of the | ower beam 9. The bay sensor 8 detects nmagnetism

from magiveis. vi6 ansl ¢ fsecasetistisalr, cindheg sy dischansiind eleedric

| eft-right direction of the disposed suspension cargos. Wth this
conf i gurpatWiean addverdimanedl tden dlecttragpedwatr aliddsreeddaplculated in
Posts 10 are respectively provided in a standing manner to both ends
of the lomerriheamstaghle dayFaroreitheofsteacyepesic thdyi.s coupled by a
girder 12 to the upper end of the corresponding post 10 that is

provi ded ggnsg standing manner to the |ower beam 9 on the opposite

si de.

According to the fifth aspect of the present invention,
fhe power supply apparatus having any of the above-mentiocned
features according to the present invention is connected to
the power feeding path of the existing crane in which electric
power 1s supplied to the electric power load by the power
generator, whereby the electric power lcad of the existing
crane can be driven with the electric power supplied from the
storage battery and the commercial power supply.

As a result, in the power supply method according to the
fifth aspect of the present invention, even if the
predetermined electric power supplied from the commercial

power supply is set to be low (for example, 45 kW), the



{0045} The two girders 12 are provided in parallel with each other in
the left-right direction, and the trolley 20 noves on 20 the girders
12 in the front-back direction (traverse direction Y). The trolley 20
is-provided with the operator's room 2 and the operator stands by
in the operator's room 22 to operate the crane 1. {00461 A

spr eader_ ensl evi 41s ded fromth rolley .20, d
t he sus peelnez(%%lgl é(; 3?03"86 I:j sd/lgsf(ﬁ%ap%%e%yf rlscfl:{rz pcg%r esgc erl;a 9[27@}4 k%agc ‘{)eer% uas%selnsgtesd .acrhe
Speci ficall twist lock pins (not illustrated) each having a

enl ar geoea]hee%t'd'”lpcarﬁo"b‘?rt Ff]e]aetfg rércg‘hdtkbﬁ’ & aia]véf‘%)“’ep“? osamigd"t 0
four corners of the spreader 24 so as to protrude downward, and the
enl ar gePHRAF LS FHhe ROMSH sTURReKk Mt dracGashiar itreI§he dsidithed
into holes forned at four corners of the upper surface of the
suspensiaPasy g, tdre protssed, Lawehttins mmdaamdded 4lvwertevic powEhe
suspensi on cargo i s suspended by the spreader 24 in this manner, to
be t her elyppinivet] firvma tdesidethgpasidl gower aagpldance thid keddiee to
novenent of the trolley 20. {00471 The crane 1 includes a power
supply aiareSerfihb (s e WSl t Zydbywdr Ttdiidiing @ pat tery 42
(storage battery) and a charging/ di scharging apparatus 48 to be
described later. The battery 42 stores electric power that is
supplied fromthe power feeding box 31 fixedly set on the ground via

a power {fAeQevdajn ce%bule Al dsatc Ive rteel 35. The power feeding box
31 suppli'€s’ 4 V0! tage e1ectr i ¢Upower’of, for exanple, AC

{0036}

The present invention produces an excellent effect of
reducing electric power supplied from a commercial power
supply to a crane to thereby enable low-voltage power

transmissicn.

{Brief Description of Drawings}

{0037}

{Fig. 1} Fig. 1 is a perspective view illustrating a crane
according to a first embodiment of the present invention.
{Fig. 2} Fig. 2 is a diagram schematically illustrating an
electrical configuration of the crane according to the first
embodiment of the present invention.

{Fig. 3} Fig. 3 is a block diagram illustrating a detailed
configuration of a power supply apparatus according to the
first embodiment of the present invention.

{Fig. 4} Fig. 4 is a graph showing a temporal change in



21:460 V. {00481 Because the power feeding cable 33 is designed
to supply a |l ow voltage of AC 460 V, the dianeter of the power
feeding cable 33 is smaller than that of a conventional power feeding
cabl e designed to supply a high voltagg,;of, for exanple, AC 6,600 V.
Consequently, the dianmeter of the cable reel 35 is aI so smal | er than

EI'Egtcg];)le ree 3?&{%@ dﬁm%ézoggi%sélg%?d ;O%‘{&e et@a%m

novi ng d| rect E t he. cr nerqj%% QEI} The cabl e re
appar at Us Cf i nlé}% %th%efJCraso TG O e 51 SP tjéb‘?‘?éﬁlto@*t he
crane 1. 1In addltlon as |Ilustrated in Flsgi 1, a plurality of the
cabl e rddii%hpatatiids P GHF IRV IR (T VHET P angeTHgh haifd ing
position of the cable reel apparatus 2 can be changed in accordance
with t hégaes tdorrafsutad poviedt fleaediangbod 3. hIG050lg operdfiigpn 2 s
a diagram schematically illustrating an electrical configuration of
t he crarecbraticyy ding tuihitdte drbysiinemiodifmerite {0G&EHt invenfhermr ane
1 includes the power supply apparatus 40 that supplies (feeds)
el ectri cimiapers t orief.ed ris PaigiBadchdtd¥t i 1y illustrating an
electrical configuration of a crane according to a fourth
embodiment of the present invention.
{Description of Embodiments}
{0038}

Hereinafter, embodiments of a power supply apparatus, a
crane, and a power supply method for a crane according to the
present invention are described with reference to the
drawings.

{0039}
[First Embodiment]

Hereinafter, a first embodiment of the present invention
is described.
{0040}

Fig. 1 illustrates a crane 1 according to the first
embodiment.

Fig. 1 dllustrates the crane 1 that is set in a moving
direction X on a lane R. The crane 1 is configured as an

electric crane with a ground power-feeding system that is

operated with electric power supplied from a power feeding box



power supply apparatus 40 including: a PW converter 41 that receives
supply.of a predeterm ned electric power froma comercial power
supply and supplies the electric power to the electric power | oads;
and the battery 42 for supplying the elgctric power to the electric
power | oads, the battery 42 being chargeabl e and di schargeabl e.

{0052) 31 set ldh L REMRISURMY RRRALAIS 0, AC RO, i, Ted from

t he power feeding power supply equl pre ground, the

AC [ t into DC t he PVWM 1 4 d th
Conver L AR < 188 E59rGad OFCYEASS| AvBPIGFs TASAITE AgpLe Tocl ©

respectively connected to the correspondi ng el ectric power |oads.
In the FRRETAREYIGRF Bde Franse Ptinat thoeiSiaw iy dRfiieehhferds al

power supply by a hi gh-vol tage power receiving board 44, the received
AC power"'dadleomeslt edranadus Predet ermi ned | evel of AC power (for
exanple, 6,600 Vis converted into 460 V) by a transforner 45, and

t he conértddd power is fed to the power supply apparatus 40. {0053}
The PWM converter 41 is connected to the power feeding cable 33

connected to mrhe qremey If eedingdee3bd WidbrPaweled @RGIHIY, canRpRCt or
46 and a cable reel 47, whereby the AC power fed fromthe power

feedi ng B@g)31 5 Gpnverd l'fnlzl&nc;gbgdl%% ﬁ?gﬁ"aﬁh @ca(n%oigﬁiﬁ%udinr?gghe

power supply apparatus 40 al so es char gi ng/ di ar gi

. 8...whi ch bl d i ned |
of "DC. pOd: o e ndp i Gt B o « RESGEEary 430 RAGFERy

of DC power to Be charge charge rom

the power is fed to t |l oad driving inverters 43A to 43F ,

r espect iffeld? 56hﬁ%€%¥ih % %6H¥? pofA#i hfCel-8Ber Re PoRérrPoafly. of

{00551 containers (hereinafter, referred to as "suspension cargos")
are stacked on top of each othef as multi-stack suspension
cargos according to a predetermined layout. The crane 1 moves
in the longitudinal direction of the lane R (moving direction
X).
{0042}

The crane 1 includes four moving apparatuses 5
respectively provided to leg parts 11, and each moving
apparatus 5 includes four wheels 3. The drive of the moving
apparatus 5 is controlled by a movement controlling apparatus
7. The moving apparatus 5 is provided with an automatic
steering sensor 6. The automatic steering sensor 6 detects
magnetism from a magnetic guide line 15 laid in the
longitudinal direction of the lane R. With this

configuration, the crane 1 can be automatically moved straight

in the moving direction X.



The crane 1 includes, as the electric power |oads, a traverse notor
49A for. traverse novenent of the trolley 20, notors 49B to 49E for
rotating the wheels 3, a notor 49F for turning, a hoist notor 49G for
hoisting a suspension cargo, and an auxpliary nachine 50. When
t he hoi sted suspension cargo is | owered, the hoist notor 49G

functi ongy @3 @ Power gener ator to thereby generate electric power.
{0056} In the follow ng description, in the case where the
respective m;ltors 49, are discrim nated from one anot her,, any of Ato
Gis attached 1o TN BhFRILH %% e S s1ign, 2 H t1e E"Nhete
t he respective notors 49 are not discrimnated fromone another, Ato
G are oML IW nf 1ERTELSRINGING e - Tith ekl §Hel Fids phigtg Sl A ar e
driving inverters are discrimnated fromone another, any of Ato F

i s attachabler tie earh ofthdie beferlvwsr dhgam Bndind the wasenarier e
the respective load 24 driving inverters 43 are not discrimnated
from oneanutdierind dppdrares omid eskt {05 e lower Headly 3.heNBEepanar
fromthe power supply apparatus 40 is converted into the AC power by
each of e lomd- gt nei tdierdrense Adrs aidl tifte rBRAh Hrd Midi iy i el
43 respectively feed the converted power to the correspondi ng notors
49 and auwddd afy JRENHE B! directidh AEION i HKA ©
power that 1s not consuned by the electric power loads is consu

a resi stor.

by

é%%ion {(traverse direction Y) of a trolley 20. These
definitions are based on the attitude of an operator in an
operator's room 22 set to the trolley 20.

{0044}

A bay sensor 8 facing downward is provided in the center
of the lower beam 9. The bay sensor 8 detects magnetism from
magnets 16 laid for each bay, and the bay is a unit in the
left-right direction of the disposed suspension cargos. With
this configuration, the crane 1 can be stopped at a desired
bay.

Posts 10 are respectively provided in a standing manner
to both ends of the lower beam 9. The upper end of each post
10 is coupled by a girder 12 to the upper end of the
corresponding post 10 that is provided in a standing maﬁner to
the lower beam 9 on the opposite side.

{0045}
The two girders 12 are provided in parallel with each

other in the left-right direction, and the trolley 20 moves on



{00591 Fig. 3is a block diagramillustrating a detailed
configuration of the power supply apparatus 40. 100601 The
power supply apparatus 40 includes a charge/di scharge controlling
apparatus 53 in addition to the walcogqerter 41, the battery 42, and
t he chargi ng/ di schargi ng apparatus 48. 100611 The

Char O r i HAANG AP AL A SIUI0 B A e B8 DT ae Sleson

the battery on the basis of a char rge power conmman ue
PT out putited, fromthe charge/di schar controlling apparatus 53, .and

out put 5 4 ohaPGelaPadRts 02 Fower oF sedtati SUabhE PASORCOReShaPPE: 7242

to the chargfldischarge control ling apparatus 53. 25 {0062

The charfd¥) di'sc PRGSOt TaNdshPapparatuLET da T\ #88 the t6l ectri ¢

power difference between the electric power consuned by the electric
power | cagsradied thise alas rli.c power supplied fromthe commercial power
suppl y. For exanpl e, the charge/di scharge controlling apparatus
53 recei{Vdgi6lif romthe PWM converter 41, a value (input electric power
f eedback value PI) indicating the input electric power, and receives,

from each of A hgdearkdrisist@endivel tRAs A3, & i Waidderd & iR e
el ectric power feedback value PL) indicating the electric power

consumed by e 01 espanl 0 Eleealid:C DMR! 103k He khad gonsured

el ectric power PL'is calculated fromthe tot sum

product of voltages.V and currents, | fraom.the ad driving inverters
43, and 9 éﬁ?@%ﬁh?@ Fgéﬁqﬂéﬁﬁﬁﬁﬂ$%% aépgcé%% ﬁ?gyhgggﬁghe%??ﬂ{86§§}

An input, el ectric power target value P
P (not % lustrated) ea %.having an enlarged head part at the

leading end are respectively provided to four corners of the
spreader 24 so as to protrude downward, and the enlarged head
parts of the twist lock pins are respectively inserted into
holes formed at four corners of the upper surface of the
suspension cargo, are rotated, and thus are engaged therewith.
The suspension cargo is suspended by the spreader 24 in this
manner, to be thereby moved to a desired position in
accordance with the movement of the trolley 20.

{0047}

The crane 1 includes a power supply apparatus 40 (see
Figs. 2 and 3) including a battery 42 (storage battery) and a
charging/discharging apparatus 48 to be described later. The
battery 42 stores electric power that is supplied from the
power feeding box 31 fixedly set on the ground via a power
feeding cable 33 and a cable reel 35. The power feeding box

31 supplies a low-voltage electric power of, for example, AC



- ltarget is a predetermined value, that is, a fixed value. {0064}
Fig. 4.is a graph showing a tenporal change in the electric power
consuned by the electric power | oads. In Fig. 4, the horizonta
axis represents the tenporal change, apg the vertical axis represents
the electric power. Fig. 4 shows the tenporal change in the consuned
el ectricqower consuned by the electric power |oads. Wen the
electric 26 power is positive, the electric power |oads are
consuml¥bé electric power. On the other hand, when the electric
power is negative, the crane 1 is hoisting down a suspension cargo,
and the hoist_notor 49Gis generating electric power. {0065}

Then, a straiRffta4ine e REs itk G@Rrage vial e fonsase tQ sty

el ectric power, and in the first enbodi nent, the input electric power
target \aaldfy Palitagretof AGA6R § .t Hite aliamafe v il g aovweafsasimp
kW by way of exanple. {0066}
cable 33 is smaller than that of a conventional power feeding
cable designed to supply a high voltage of, for example, AC
6,600 V. Consequently, the diameter of the cable reel 35 is
also smaller than that of a conventional cable reel, leading
to the downsizing thereof. The cable reel 35 thus downsized
is set so as to protrude in the moving direction X of the
crane 1.
{0049}

The cable reel apparatus 2 including the cable reel 35 is
detachably attached to the crane 1. In addition, as
illustrated in Fig. 1, a plurality of the cable reel
apparatuses 2 can be provided to one crane 1. Then, the
position of the cable reel apparatus 2 can be changed in
accordance with the position of the power feeding box 31.
{0050}

Fig. 2 is a diagram schematically illustrating an
electrical configuration of the crane 1 according to the first
embodiment.

{0051}

The crane 1 includes the power supply apparatus 40 that

supplies (feeds) electric power to electric power loads, the



Then, :as shown in Expression (1), the sumof the input electric power

target ,value P - ltarget
and t he charge/ di scharge power command value PT is equal to the | oad
consuned el ectric power PL. Accordingl as shown in Expression (2),

t he charge/ di scharge power command val ué PT is cal cul ated by the

char 9o Qischirin, coptgoll LG ORr Sl B3 6 2 gl U ANLGAL 1710 e

el ectric power ween Tic power consure

el ectric _power |oads .and I%Dhe electric .pov&)r Sup |ied fromthe

commer ci% X)-0pi4 dpiele te R Mehie TECHE I QUL I3 (ar get

" (2) 100671 The char ge/ di scharge power conmand val ue PT

cal cul atSIRET HHfd RS otv iy GREDies iR piedd % rRawer to the
char gi ng/ di schargi ng apparatus 48. 27 The char gi ng/ di schar gi ng

appar at sl &8 it mgesyndi et igend Hdelbedtrgny piveiomcummdivigia dhehe
char ge/ di scharge power conmand value PT to/fromthe battery 42.
Speci fi caldgtriidhepmdear gicngltdi selhartgiing mpEar dicsiAS8 Hrer frortte rsuck?
charge/ di scharge control that the battery 42 is discharged in the

case Whejeslddherhayge/1d sehardiesHawfegammand val ue PT is positive,
whereas the battery 42 is charged in the case where the
char ge/ digggfyar ge power conmand val ue PT is negative. {00681

In the power supply apparatus 40, AC power is fed from
the power feeding box 31 as power supply equipment on the
ground, the AC power is converted into DC power by the PWM
converter 41, and the converted power is fed to load driving
inverters 43A to 43F respectively connected to the
corresponding electric power loads.

In the power feeding box 31, AC power is received from
the commercial power supply by a high-voltage power receiving
board 44, the received AC power is converted into a
predetermined level of AC power (for example, 6,600 V is
converted into 460 V) by a transformer 45, and the converted
power is fed to the power supply apparatus 40.

{0053}

The PWM converter 41 is connected to the power feeding
cable 33 connected to the power feeding box 31, via a power
feeding connector 46 and a cable reel 47, whereby the AC power
fed from the power feeding box 31 is converted into the DC

power.



As :descri bed above, the charge/di scharge power command val ue PT
outputted fromthe charge/di scharge controlling apparatus 53 to the
char gi ng/ di schargi ng apparatus 48 is based on the | oad consuned

el ectric power PI, outputted from each,of the |oad driving inverters
43, and the charge/di scharge of the battery 42 is feedback

controll %SAccor dingly, if any delay in control occurs, an influence
of the d{el ay is conpensated on the basis of Expressions (3) and (4)
gi ven bel ow. ,.{0069) APT = K x (Pitarget -. Pl) . (3) I n

Expr essi on (?:[§h,e Ig%weed:reséﬁﬁ RPN s ri'i”r‘?éd’dler? d&d\fance, and
P/ represents a value of the electric power that is actually

out put t EPFFGRAAE TR BT AR et uspT RC/BE conyentpr)( 4), wigch
In addition, the crane 1 according to the first enbodi nrent can be

t ransf e@nédfaom thedahamhndgdnie Rl efadst ewdmrie Re During t he
transfer of the crane 1 between the |anes R, the power supply

appar at uwhad@echarigediadigoharqges dihe Heatitgrtye 42 a5swliargidyhathen®@ower
el ectric power is supplied fromthe conmerci al power supply.

That is,isevRm it the Stale Weriada rlatldrisC panals 143 S uRpijRd il
the commercial power supply in order to transfer the crane 1 to

anot her dane R er%'iz : fenr t ane R
100711 c dl\%t?r&et{?pgtgﬁp%coa% Y, @%ﬁ%ﬁgtﬁ%d@%&g%?gﬁt rolling
apparatq%él%?s detects a state where no electric power is fed fromthe
power fee mg} box 31, on the basis of a connection state signal of

t he power fee%i n% connector 46, the input _
The Trane 1 includes, as the electric power loads, a

traverse motor 49A for traverse movement of the trolley 20,
motors 49B to 49E for rotating the wheels 3, a motor 49F for
turning, a hoist motor 49G for hoisting a suspension cargo,
and an auxiliary machine 50.

When the hoisted suspension cargo is lowered, the hoist
motor 49G functions as a power generator to thereby generate
electric power.

{0056}

In the following description, in the case where the
respective motors 49 are discriminated from one another, any
of A to G is attached to the end of the reference sign, and in
the case where the respective motors 49 are not discriminated
ffom one another, A to G are omitted. Similarly, in the case
where the respective load driving inverters are discriminated
from one another, any of A to F is attached to the end of the

reference sign, and in the case where the respective load



el ectric power target value Pitt is set to O (zero), the

char gel.di scharge power conmand val ue PT is cal cul ated on the basis of
Expression (2), and electric power charge/di scharge control is
performed for the electric power |oads,yhen no electric power is fed
fromthe comercial power supply. A given battery is selected
I'n adva@ﬁ‘?ﬁu rﬁﬁqx}@g%y ﬁf?’afé]en Vc?ins&_‘ai%iq'{%t&?vf %eela%cottrﬂecr, A
power capacity that 1s Targe enough to cover e el'ectric power
consuneqigqguﬂgathe.trqysfer of the crane 1 between the |anes R
100721 R4 been described above, the power supply
apparatus 40 according to the first enbodi ment includes: the battery
42 for sﬁ&ﬂﬁ%ﬁ ng the electric power to the electric power |oads of
the crane 1, the battery 42 being chargeabl e and di schargeabl e; and

t he PWM conveihast, 4ha H¥t paveadt viason Hdis uppier cfuprhley proadetadiusd il is
el ectric power fromthe comercial power supply. The charge/ di scharge
cont r ol lamgreappat atrnitso She AT Pades Mheeasdtectd ithepdwerd dififwimence

bet ween the el ectric power consuned by the electric power |oads and
the el ecirvertpomers SUpd athd risad her GOMEriGiwd r Rovwers 3 Wips ctand the
char gi ng/ di schar gi ng apparatus 48 charges/di scharges the electric
pover ageQIdidig to,decal gilaled &leed rdg. ncﬁ'ﬂcg{ HANGS 1 farn%]
the battery 42. Accordingly, in the power supply apparatus
accor di q st first. e iment, even if the predeterm ned electric
power (?%Bétjéﬂﬁﬁﬁk¥%”ﬁgﬂer ‘target value Pltarget) supplied fromthe
conmmer ci al wer supply is set to be low (for exanple, 45 kW, the
electrié%w r discharged fromthe storage battery assists the

el ectric power supplied fromthe comrercial power supply. As a
result, the ﬁé\w’\cp Ny dpifaraafs Ue fomdithgt 6 ot iqagsumed by
enbodi nent reduces the electric power supplied fromthe conmerci al
power sups eltarstitie groare Ldaald hiey etmnsmay ey awvnead itssgper @dwer
transm ssion. {0073) Because the electric power supplied fromthe
commer ci{@l0o5930

Fig. 3 1s a block diagram illustrating a detailed
configuration of the power supply apparatus 40.

{0060}

The power supply apparatus 40 includes a charge/discharge
controlling apparatus 53 in addition to the PWM converter 41,
the battery 42, and the charging/discharging apparatus 48.
{0061}

The charging/discharging apparatus 48 controls the
charge/discharge of the battery 42 on the basis of a
charge/discharge power command value Pr outputted from the
charge/discharge controlling apparatus 53, and outputs a
charge/discharge power feedback value Pz of the battery 42 to

the charge/discharge controlling apparatus 53.



power supply to the electric power |oads of the crane 1 is reduced,
the size of the power feeding cable 33 leading to the crane 1 can be
smal l er, and the cable reel 47 can be downsized. {00741 [ Second
Enmbodi nent ] Herei nafter, a second,gnmbodi ment of the present
invention is described. 10075) The configurations of a crane 1
and a powgg62prply apparatus 40 according to the second enbodi nent
are the sane as the configurations of the crane 1 and the power

suppl y apparat.us 40 accordi to the figg%#enbodine t il% strated in
5. 1700 5 i R es T TRY GTPRHEY BT SRR TGt JO07Byulates
In the power supply apparatus 40 according to the second enbodi nent,
the el ecths 55Tt S R ed ¥ iE e AT dihdaCEuighIBewahat
is, the input electric power target value Pitarget is set to be
vari abl eagaunes oy dige epetirio yvwerskoadmmrd privdietleraid mied power
el ectric power. (00771 For exanple, the power supply apparatus
40 changemdlhiescel fomdn i tthepovesmdg rariall @dweet rdupglower target value P -
‘target)
For example, the charge/discharge controlling apparatus
53 receives, from the PWM converter 41, a value (input
electric power feedback value P;) indicating the input
electric power, and receives, from each of the load driving
inverters 43, a value (load consumed electric power feedback
value P;) indicating the electric power consumed by the
corresponding electric power load. The load consumed electric
power P is calculated from the total sum (kW) of the product
of voltages V and currents I from the load driving inverters
43, and represents load fluctuation as a disturbing element.
{0063}
An input electric power target value Prrarget 18 a
predetermined value, that is, a fixed wvalue.
{0064}
Fig. 4 is a graph showing a temporal change in the
electric power consumed by the electric power loads.
In Fig. 4, the horizontal axis represents the temporal
change, and the vertical axis represents the electric power.

Fig. 4 shows the temporal change in the consumed electric

power consumed by the electric power loads. When the electric



suppli-ed fromthe commercial power supply, on the basis of a history
of a charge state of the battery 42. 31 {00781 When the battery
42 reaches a full charge, the battery 42 cannot be charged any nore.

Accordingly, in the charge/discharge cggtrol of the battery 42 based
on Expression (2), when the battery 42°reaches a full charge, the

charge/ di scharge controlling apparatus 53 tenporarily stops the
char go 1Mo TBaiBry 4 eVt 191 1He e ior® a4t Tifar gt ca s
power command val ue PT is negative. {0079} | n such a case, the
char ge/ & SHdrige RIIRT 0l PPnghgppinsrudand: cahen ahes cilfctEar PeHeTrans
i ncidence p of a state where the charge of the battery 42 is stopped
due to insgatulve,cdrgemmren 1 fig Heoichaimge davmecessarangitdre gaate ,ofand
charge stop tine to total time for which the electric power is

suppl i edtHer draitdie nearareradGli paowate rsitpinly/ )s 1 eatdh icalpnaat .es the i nput
el ectric power target value P - Itarget {0080} The input electric
power tagrgedsvalue P - 'target can be cal cul ated on the basis of, for
exanpl e, Expression (5).

Then, a straight line A represents the average value of
the consumed electric power, and in the first embodiment, the
input electric power target value Priarger 1S set to this
average value (for example, 45 kW) by way of example.

{0066}

Then, as shown in Expression (1}, the sum of the input
electric power target value Prrarger and the charge/discharge
power command value Pp is equal fto the load consumed electric
power Pp. Accordingly, as shown in Expression (2}, the
charge/discharge power command value Pp is calculated by the
charge/discharge controlling apparatus 53 as a value
indicating the electric power difference between the electric
power consumed by the electric power loads and the electric
power supplied from the commercial power supply.

Prtarger + Pr = P -+ (1)

Py = P = Prearget *°° (2}

{0067}
The charge/discharge power command value Pr calculated on

the basis of Expression (2) 1is outputted to the

charging/discharging apparatus 48.



Itarget = k X (1 - p) X PltargetBase ( 5) where k represents a
predeterm ned coefficient, and P - ItargetBase represents a criterial
I nput electric power target value (for exanple, 45 kW.

According to this expression, in the cgze where the incidence pis

hi gh, the input electric power target lue 32 Pltarget changes to a

smal | degree. {0081} . .The follow ng is another exanplge in which
The powse SumblS, SRS/ L TGS TR R (A POEE e e
fromthe comrercial power supply, on the basis of the history of the
charge St§t €ISCHHE Ravtedy ppr a5 thenChsgins ispiay o pavstius
40 calculates in real tine a slope a of a state of charge (SOC) of
t he bat tasmpas@l vaddiec drcibdfeemt hbei bptteeledlri c power target val ue
P - Itarget on the basis of Expression

Specifically, the charging/discharging apparatus 48

performs such charge/discharge control that the battery 42 is
discharged in the case where the charge/discharge power
command value Pr is positive, whereas the battery 42 is
charged in the case where the charge/discharge power command
value Pr is negative.

{0068}

As described above, the charge/discharge power command
value Pp outputted from the charge/discharge controlling
apparatus 53 to the charging/discharging apparatus 48 is based
on the load consumed electric power P; outputted from each of
the load driving inverters 43, and the charge/discharge of the
battery 42 is feedback controlled. Accordingly, if any delay
in control occurs, an influence of the delay is compensated on
the basis of Expressions (3) and (4) given below.

{0069}

APy = K % (Prgarger — Pz} -+ (3)

In Expression (3), K represents control gain determined
in advance, and P; represents a value of the electric power
that is actually outputted from the PWM converter 41.

Pr = Pp + APy - -+ (4)

{0070}



(6). - The slope a is obtained from for exanple, the slope of a
novi ng ,average of a tenporal change in the state of charge, the

novi ng average being cal culated froma graph in which the horizontal
axis represents tinme and the verti cal ?gis represents the state of
charge. {00821 Then, the input electric power target value Pltet

I S calculate%on ! aS|s of , faor a ressmnfgiG .. Pltargetk
X (1 - a) x %21[ t'he( she T r%coc%%ld} 3 & ressi on,
in the case where the slope is positive, that is, the rate of the
peri od RGBT cIFahP DSt srads Liom ddte iinmangerlanend itwput
el ectric power target value P - Itarget changes to a small degree.
{0083} FRayotdidn |lagothher Duxangl &het heapofer odpphy apparatubes@eed3
may change the electric power supplied fromthe commercial power
suppl y, tre tlendrad,s dfe pdwest aroppdfly tadyeaatamty i40 powergesyepldeth toe s
the electric power | oads. :
the battery 42 assuming that no electric power is supplied
from the commercial power supply.

That is, even in the state where no electric power is
supplied from the commercial power supply in order to transfer
the c¢rane 1 to another lane R, the crane 1 can be transferred
to another lane R.

{0071}

More specifically, if the charge/discharge controlling
apparatus 53 detects a state where nc electric power is fed
from the power feeding box 31, on the basis of a connection
state signal of the power feeding connector 46, the input
electric power target value Prtarget 1S set to 0 (zero), the
charge/discharge power command value P; is calculated on the
basis of Expression (2), and electric power charge/discharge
control is performed for the electric power loads when no
electric power is fed from the commercial power supply.

A given battery is selected in advance as the battery 42,
the given battery having an electric power capacity that is
large enough to cover the electric power consumed during the

transfer of the crane 1 between the lanes R.

{0072}



In-this exanpl e, an average val ue (the average value fromthe current
time point to before a predetermned tine point) Pltargetaverage of
the electric power consuned by the electric power |oads is

cal cul ated, and as shown in Expressio é?), the input electric power
target value Pitarget is set to the avefage value P - Itargetaverage
Pltarget = Plta et vera t he var riabl e

control of the &lectiiE: %ﬁﬁljgﬁ%%ﬂﬁéﬁY%r<§ﬂ%tﬂ?%§ﬁnﬁﬂ9§ §'a§5W§Ftus

supply, for exa ,Ie, t he char ge/ di scharge controlllng apparatus 53
cal cul at’¥s 3%&4 T it RwETROSHFIAn ty dinfd Usies | ey &R tisitag 42
any of Expressions (5) to (7) given above, and outputs the

char ge/ diogc At YoV rt heo ket Tl ROWRT. Gl lileated dtrr isc eomgandeanist h
the calculation result, to the chargi ng/di schargi ng apparat us 48.

Then, thd& d:ﬂr@rgimagiedilscl"taregiba}tamaréaﬁ U 148y cirengesidies ehar ges t he
el ectric power based on the charge/di scharge power command val ue PT

t o/ f r omdikeHeatdeanyl 42.an{0Q8%} PuM corAidrefdratdvealnat thediewer thieppl y
apparatus 40 may store in advance the input electric power target

val ue P gddiar gt ttﬂ@tpfe%edﬂef&arn%@ 1R AGGY GRS Wirldh e 1hAeRaG ]

p or the slope a of
power supply. The charge/discharge controlling apparatus 53

calculates the electric power difference between the electric
power consumed by the electric power loads and the electric
power supplied from the commercial power supply, and the
charging/discharging apparatus 48 charges/discharges the
electric power according to the calculated electric power
difference to/from the battery 42.

Accordingly, in the power supply apparatus 40 according
to the first embodiment, even if the predetermined electric
power (input electric power target value Prtazget) supplied from
the commercial power supply is set to be low (for example, 45
kW), the electric power discharged from the storage battery
assists the electric power supplied from the commercial power
supply. As a result, the power supply apparatus 40 according
to the first embodiment reduces the electric power supplied
from the commercial power supply to the crane 1 to thereby
enable low-voltage power transmission.

{0073}

Because the electric power supplied from the commercial



34:the state of charge, and may change the input electric power

target ,value P - ltarget in accordance with
the incidence p or the slope a of the state of charge. The i nput

el ectric power target value P 0 - ltarget may be
0 (zero) or negative. The case where t%e i nput el ectri C power target
val ue P ve I t o the cran

hoi st's cFown a%%spp nsf?cgg&%:éa lé rel'ﬁsltjogﬂec]ggle a%ﬁ it 49 u?tlctl ons

Gencr bt S URGRLY | Db 1S %M&%&%@ oL e p‘”%ata” to the

supply. {0086} As has been descri bed above, the power supply
appar at fE P ak iRy %W%Wrs&%dif’@rﬁ%ﬁﬁlr%nﬁe%lhaﬁﬂgé@ﬁ ke el ectric

power Cgjpl ied fromthe commercial power supply on the basis of the
hi st ory asfwnsiezashar ge state of the battery 42. Accordingly, in the
case where the anmount of charge in the battery 42 is |large, the

el ectric{Qomeyr supplied fromthe comercial power supply can be
further reduced. In addition, the power supply apparatus 40

changes [dw@:@lEaimtdaawer] supplied fromthe comercial power supply
on the basis of the hi story of the electric power supplied to the

electric pomqeﬂé?mgsftégtc %‘h énﬁ)é&l‘?né}?é‘ﬁf(’)‘gzg{ee ];;Lréese"?-{ﬁ)%}tveq;tlon

el ectric power consune ectrlc power i'S sma
el ectri i ed fromthe commerci al power supply can be
furt hercléoézy\égseC .lLbDeDCJ'

{0075}

The configurations of a crane 1 and a power supply
apparatus 40 according to the second embodiment are qhe same
as the configurations of the crane 1 and the power supply
apparatus 40 according to the first embodiment illustrated in
Figs. 1 to 3, and hence description thereof is omitted.

{0076}

In the power supply apparatus 40 according to the second
embodiment, the electric power supplied from the commercial
power supply, that is, the input electric power target value
Pitarget 15 set to be variable within a range equal to or less
than a predetermined electric power.

{0077}

For example, the power supply apparatus 40 changes the
electric power (input electric power target value Prtarget)
supplied from the commercial power supply, on the basis of a

history of a charge state of the battery 42.



35 : Because the power supply apparatus 40 according to the
second,enbodi nent reduces the electric power supplied fromthe
commerci al power supply, the electric power consuned by the resistor
51-can be cut down, leading to a reductjon in the need to provide the
resistor 51. {0087} [Third Enbodi nment] Hereinafter, a third
enbodim%ﬁofg}the present invention is described. {00881 The
configurations of a crane 1 and a power supply apparatus 40 according

to the third _enbodi.nent are the sane as the nfigurations qf the
Crane. 1 and (HEThaul KA A SAIE 5 G ey S (1 fiagery 42
enbodi nent illustrated in Figs. 1 to 3, and hence description thereof
i s onitt@&Nqodsorharged BRY AL i ACFORELNgAYacitly tHf the battery
42 included in the power supply apparatus 40 needs to cover

r espect ichaygsaldiddurde powersl off tihe diadiane $dbisrsddads EXfratssinn
it is effective to reduce the respective peak electric powers of the

el ectri c{Powerhdroads: ibatoraley 4D weopied he fhdatlt etha 4 hastieng a
smal l er electric power capacity. {00901 In view of the above,

the t hi rdhamRodi iHa FRducas: fdiel Repkafifa ddia L1 £F trdn awer © atsgyed
by the electric power

the charge of the battery 42 even in the case where the
charge/discharge power command value Pr is negative. i
{0079}

In such a case, the charge/discharge controlling
apparatus 43 calculates in real time an incidence p of a state
where the charge of the battery 42 is stopped due to its full
charge even if the charge is necessary (the rate of charge
stop time to total time for which the electric power is
supplied from the commercial power supply), and calculates the
input electric power target value Priarget.

{0080}

The input electric power target value Pjitarger Can be
calculated on the basis of, for example, Expression (5).

Pitarget = kK * (1 = p) % Prtarget-Base *** (5)
where k represents a predetermined coefficient, and Priarget-pase
represents a criterial input electric power target value {(for
example, 45 kW).

According to this expression, in the case where the

incidence p is high, the input electric power target value



361l oads at the time of a hoisting operation in which the crane 1

hoi st s ,a suspension cargo. (00911 Hereinafter, the hoisting
operation of the crane 1 according to the third enbodinent is
specifically described. 00921 First, alimt value of the

electric power supplied to the electriC power |oads (supplied

oper at | CETE (TS o e BEas BETe suppl i ed of ectric pover

limt va airnit {0093} Here, the relation between the

suppliedhgﬁ%ﬁiric power limt value PLIimt to the electric power

| oads and the | oad consuned el ectric power PL needs to satisfy

Expr essi on ( 8§hgyi ekl oyel vy, 1 planothian |gjanqple gin {obahl the Mrwer t he

| oad consuned el ectric power PL is subdivided as shown in Expression

(9) and Exygrlssinpei(di)s gl Verhdafomw. tht ol RNHEALDpowex 8Jupplied from
the commercial power supply, on the basis of the history of
the charge state of the battery 42. That is, the power supply
apparatus 40 calculates in real time a slope o of a state of
charge (SOC) of the battery 42, and calculates the input
electric power target value Prtarger O3 the basis of Expression
(6).

The slope o is obtained from, for example, the slope of a
moving average of a temporal change in the state of charge,
the moving average being calculated from a graph in which the
horizontal axis represents time and the vertical axis
represents the state of charge.

{0082}

Then, the input electric power target value Prtarget 18
calculated on the basis of, for example, Expression (6).

Prtarget = kK x (1 = &) X Prtarget-ase ' ** (6)

According to this expression, in the case where the slope
is positive, that is, the rate of the period during which the
battery 42 is charged is larger, the input electric power
target value Pitarger Changes to a small degree.

{0083}

For still another example, the power supply apparatus 40



Pm = (9. 8xMV+ax (M+ J) xV) ... (10) In Expression (9), Pm
represents the electric power necessary for the hoisting operation
(hoi sting operation necessary electric power (kW), and Pim
represents a reference value of the eleggtric power consunmed by the
auxiliary machine 37 50 (base electricC power (kW). In

Expr o510l (HlacM [EDrESENLS: {6, SUPPRNSI P1L $1AG, 60 (e o)

represen I st'l hg Speé : prese oi sting
acceleration (nis2), and J represents a value (kg) .obtained b
convert B Ehe Bt St S D108 Rt STT Y P 1! TISSLC (0]

Then, the maxjimum hoi sting speed V and the maxi num accel eration a
that carPBPRPUL ddsniginctaie ryeenflaads supplied el ectric power
limt value Puilait is calculated on the basis of Expression (10).
(00961 Irhe telrsa e dimpaloz,orati rer ¢ e geheva hie d{ Brbadiamade chalnge st rom
the acceleration a in the hoisting operation in which a suspension
cargo i shHwiatethnt o idermhyntperd dsatidie Hahsddatge vpRiad 110 o disit)o
suppress the electric power consunmed by the electric
Prtarget-average Of the eleciric power consumed by the electric
power loads 1is calculated, and as shown in Expression (7), the
input electric power target value Prtarget 1S set to the average
value Prtarget-average-
PItarget = PItarget-average e (7))
{0084}

In the variable control of the electric power supplied
from the commercial power supply, for example, the
charge/discharge controlling apparatus 53 calculates the input
electric power target value Pitarger using any of Expressions
{(5) to {7) given above, and outputs the charge/discharge power
command wvalue Pp calculated in accordance with the calculation
result, to the charging/discharging apparatus 48. Then, the
charging/discharging apparatus 48 charges/discharges the
electric power based on the charge/discharge power command
value Py to/from the battery 42.

{0085}
Alternatively, the power supply apparatus 40 may store in

advance the input electric power target value Priarget that is

different in accordance with the incidence p or the slope o of



power ‘|l oads, and the electric power capacity of the battery 42 is
determ.ned on the basis of the electric power suppressed through such
a hoi sting operation. {0097) Wth reference to Figs. 5, the
hoi-sting operation according to the th%gd enbodi ment i s descri bed.
Fig. 5(a) shows a tenporal change in the speed of a conventiona

hot st 1 . e . 5(, " | |
change (BT bon dhnaREdy, Hb I Ensilal oy et
operatiqn,

t t I h i | ectric, orresponding to
Pl o 5(dTIBORIUE Priaaes dhoRRCPRORRGS BEBD TaR PELEPPEepBuer oSk

appears when the hoisting speed i s nmade constant after being

i ncreasedore & ofadduy RS oF Fhaa hi FdcedBBYtNEAECTIEACt REWEESe as
shown in Fig. 5(b) where the consuned el ectric power becones

excessi @ngetaceondantueawitt avheecadcdlzerali om okgehéveoei sThagcase
operation of the crane 1, the acceleration of the hoisting operation
i's changéckre the input electric power target value Prrarger 15 negative

refers to the case where the crane 1 hcoists down a suspension
cargo. In this case, the motor 49 functions as a power
generator to thereby generate electric power, and the
generated electric power is regenerated to the commercial
power supply.

{0086}

As has been described above, the power supply apparatus
40 according to the second embodiment changes the electric
power supplied from the commercial power supply on the basis
of the history of the charge state of the battery 42.
Accordingly, in the case where the amount of charge in the
battery 42 is large, the electric power supplied from the
commercial power supply can be further reduced.

In addition, the power supply apparatus 40 changes the
electric power supplied from the commercial power supply on
the basis of the history of the electric power supplied to the
electric power loads. Accordingly, in the case where the
amount of electric power consumed by the electric power loads
is small, the electric power supplied from the commercial

power supply can be further reduced.



{0099} Fig. 5(c) shows a tenporal change in the speed of the
hoi sting operation (hoisting speed) according to the third

enbodi nent, and Fig. 5(d) shows a tenporal change in electric power
consuned by the hoisting operation accggding to the third enbodi nent,
the tenporal change in electric power corresponding to Fig. 5(c).

Lo ke, as SharTn H1g PR il o] erf IR afaiie o
or | ess than(%he su:ﬁéied ekfctric ower limt value Pnimit set in
advance, 3 AT Tn G %t?iﬁf?ﬁ%ﬁeﬁ?%ﬁFtﬁﬁRﬁkﬁ?@mﬁrom the

hoi sting speed is nmade constant is changed as shown in Fig. 5(c).
(01001 SymercialTipovre ety orthis Shrifger stowsr tepraurehdy; the
whereby the total tinme required for the hoisting operation is |onger
t han t hatesifsttdre Fasmmhier eutthelaotelleradion is aatedhanged.in the
Accordingly, the hoisting speed to be nade constant is increased
conpar echadd Itd hatowifdd heh« ases Wase 31he accel eration is not changed,
whereby the total tinme required for the hoisting operation nay be
prevent echdgom bei ng | onger. 10101} As has been descri bed
above, in the third enbodi nent, excessive consuned electric power is

suppr essed, . I in the hoisting operation of the crane 1.
gﬁ%faﬂ?nﬁfcﬁﬁr{ér{‘@]

Accordi ngly, e electric power capacity of the battery 42 can be
determ ned on, the basis of_ the g%ec ri ¢, power suppressed through the
hoi sting ope eﬁeolﬁl,aaétrﬁf’t e tg’aftrt r%@ﬂ%ﬂ%g‘)é @'Eealﬁléerseé}tec“tr}leé“tlon
power capacity can be adopted. {0102} [Fourth Enbodi nent]
Her ei naft®erdesfFR/3h enbodi nent of the present invention is
descri bed. Fig. 6 illustrates an electrical configuration of a
crane 1 {@¥P&In el ectrical configuration of a power supply apparatus
40 according to the fourth enbodinent. In Fig. 6, the sane conponents
as those in Hhg rarieydertdied bf thersane I efret engeowsdgnumsl it hose
in Fig. 3, and description thereof is omtted.
apparatus 40 according to the third embodiment are the same as
the configurations of the crane 1 and the power supply
apparatus 40 according to the first embodiment illustrated in
Figs. 1 to 3, and hence description thereof is omitted.
{0089}

The electric power capacity of the battery 42 included in
the power supply apparatus 40 needs to cover respective peak
electric powers of the electric power loads. That is, it is
effective to reduce the respective peak electric powers of the
electric power loads in order to adopt the battery 42 having a
smaller electric power capacity.

{0090}

In view of the above, the third embodiment reduces the

peak of the electric power consumed by the electric power



40 {0103} A crane |' according to the fourth enbodi nent is
different froma conventional RTG including a power generator 61
(engi ne generator 66) that generates electric power through the drive
of -an engine 60 in that the existing pgwer generator 61 is elimnated
and that a power supply apparatus 40" feplacing the existing power
gener at or i Vi t he .canventio RTG . AC.power, .out putte
fromt hglopag%llxserascgg%hee? a‘?%?é Gélfias rhsoulpsgtlrklne% (%poé?gr]tel%rn%tlonr s% }{A)f& ant S hcgrane dl
auxiliaﬁé.nqghines 50 via respective load driving inverters 62. In
the cran® 33" otfiHg 1P HEFBUrt h enbodi nent, the output of the
power su[ﬁ:g{)a/ apparatus 40' replacing the existing power generator 61
i s obtai Hs AC power, whereby the present enbodinent is preferably
adopted for nodifying the conventional RTG 101041 The power
suppl y appar dtars 46 feordindiais tire fapatdt iebodfi ndret dmelaides: t he
battery 42; the PWM converter 41; and a DC/ AC i nverter 65 that

conver t ssdaGphiwey tidtihAQ Hiowe remidcati nsaippl e ngp et iefitdd 16 W ewadcf ioyd .
the battery 42 and the PWM converter 41 to a power feeding path 63

| eadi ng fopeeliectric power |oads of the crane P. The el ectric power

| oads of the crane |I' can be driven with the electric power supplied
fromthe powes; SURPlY BRPAT Aldis, Qe b aldidd o Jdd),dNS gNRTe Suppl Y

appar atus 40' ‘according to the fourth enbodi ment, consuned

el ectri ower PL .is outputted, fromthe C 41 inverter, .65 .to the
char ge/ g;lr%c\r%glregcé: rclocntproé“ﬁp]ﬁ PR aﬁjspa%é‘}p@ghbe%y %@TC powerpdmity valhe

power sgppl y .apparatus 40' according to the fourth enbodi nent is
connect édlimgt)a oSt F S8 AP H AN el RPIREI VS gt 18addof
an existing crane I' in which electric power is supplied to the

el ectri @gsoviercll das syprlhe D @dectgare mmwsr Bimitheradng thhemed-ectric
power | oads of the existing crane |' can be driven with the electric
power supgld3ad fromthe battery 42 and the commercial power supply.
Further, in the power supply apparatus 40" according to the fourth

enbodi ment, exer,i fride-quradeirevEthetre e rdupiIowR! «wRRliHied dowrp
the comercial power supply is set to be |low (for exanple, 45 kW,

the el eqtikii¢ RQWRIe @LﬁCht?rtQﬁ‘CkHé A& sRA RSN ‘h%a%fsSiaﬁ%cﬁ € 10ad

electric power suppli ed fromthe comrerci a! power supply.
embod meRroRE  SAOR Tine Lo, FEChBber COuSBELaa!T FRRFERE: SBmdl ci al
power Sléﬂ[%]e% tb%ltot}ae. crane.
Pr < Priimit - - (8)
{0094}
Then, the load consumed electric power P; is subdivided
as shown in Expression (9) and Expression (10) given below.
P, = Pmy + Pavx *++ (9)
Pug = (9.8 x M x V + a x (M + J) x V) --- (10)
In Expression (9), Pws represents the electric power
necessary for the hoisting operation (hoisting operation

necessary electric power (kW)), and Payx represents a reference

value of the electric power consumed by the auxiliary machine



(0106): In the fourth enbodi nent, description is given above of
the exanple in which the existing power generator 61 is elimnated
fromthe crane |', but the existing power generator 61 does not
necessarily need to be elin nated frongghe crane P. The power supply
apparatus 40' nmay be connected to the CTrane 11 with the existing

power gesqjar&)tacn)séeyGellebcetitIﬂlg: Sgoqyeirdeg(rwzsz. inthe crane 1'. In this case,

the crane | use ower” g rator 61 and the power supply

apparatus 40'_in, conbi nation to pply electri ower to the electric
power | oads. FoEFPECsston [O i M GApr q3RRTs ddehie G aRAI i Fdbeen

descri bed by way of the enbodi nents, but the technical scope of the
present MaifentiOn i's HRRCIS9A T dhoo tHe Fierw FreedicdeiS)bed dsRresants
t he enbodi nents. The enbodi nents descri bed above can be variously
changed tdre ihppradvieds wiads e triange(miat’) depart iIngepresenhe gi shlok t he
present invention, and such changed or inproved enbodi nents also fall
wit hin t{e)t ethaiicald oo pemofe tthisgrgsentorigiterdsi amex{tRef erfence Signs
List} {01081 1 crane |'crane 40 power supply apparatus 40" power
supply aRP&AIHES drum into mass.

{0093}

Then, the maximum hoisting speed V and the maximum
acceleration a that can be outputted within a range of the
supplied electric power limit wvalue Prijut 18 calculated on the
basis of Expression (10).

{0096}

The crane 1 according to the third embodiment changes the
acceleration a in the hoisting operatiocn in which a suspension
cargo is hoisted, to thereby perform the hoisting operation so
as to suppress the electric power consumed by the electric
power loads, and the electric power capacity of the battery 42
is determined on the basis of the electric power suppressed
through such a hoisting operation.

{0097}

With reference to Figs. 5, the hoisting operation
according to the third embodiment is described.

Fig. 5(a) shows a temporal change in the speed of a

conventional hoisting operation (hoisting speed), and Fig.

5(b) shows a temporal change in electric power consumed by the



41 -PWM converter 42 battery 48 chargi ng/ di schargi ng appar atus 49
notor 50 auxiliary machi ne 53 charge/ di scharge controlling apparatus
65 DO/ AC inverter 43 {CLAIMS} {Caiml.}
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conventional hoisting operation, the temporal change in
electric power corresponding to Fig. 5(a).
{0098}

As shown in Fig. 5(b), an electric power peak appears
when the hoisting speed is made constant after being
increased.

Accordingly, in the third embodiment, in the case as
shown in Fig. 5(b) where the consumed electric power becomes
excessive in accordance with the acceleration of the hoisting
operation of the crane 1, the acceleration of the hoisting
operation is changed.

{0099}

Fig. 5(c) shows a temporal change in the speed of the
hoisting operation (hoisting speed) according to the third
embodiment, and Fig. 5(d) shows a temporal change in electric
power consumed by the hoisting operation according to the
third embodiment, the temporal change in electric power
corresponding to Fig. 5{(c).

In the hoisting operation according to the third
embodiment, in order to make, as shown in Fig. 5(d), the
consumed electric power equal to or less than the supplied
electric power limit value Prigit set in advance, the
acceleration of the hoisting operation before the hoisting
speed is made constant is changed as shown in Fig. 5{c).

{0100}



A power supply apparatus conpri sing: a storage battery for
supplyi.ng el ectric power to an electric power |oad of a crane, the

storage battery being chargeabl e and di schar geabl e; a power
receiving unit for receiving supply ofsa predeterm ned el ectric power
froma comercial power supply; a calculating unit for

cal cul ating £lectrigc. no | fferenc %et the electrig [
consunmed by ?ﬂqe e ece{rl CEE)C?)l\(I)&\E/‘I{\/erl oadﬁ[ aiécf?t e a\(,a%ag%f rclpecc poa\llveer’ sup%oeﬁ&j
fromthe . co rci al, power supply: ang . _.a controlling unit, for
char 1 ng7t SRty e ST AR o e I e 1 Rt 11 Yoo
di fference calculated by the calculating unit, to/fromthe storage
bat t ery.thad diffat210f the crspieRgdlsy afifdrtalsi aha:s afipldhenase -
power to an el ectric power |oad of a crane including a power
gener at gxcarrdinglane thomaedsttiharmadtindpawate gamertardgr is
el i m nated, the power supply apparatus conprising: a storage
batt ery iffrarresgal ydongpeateattwiitth pawer d Hhe edsectwiarpaier | oad, the
storage battery being chargeabl e and di schargeabl e; a power receiving
uni t f oradcced nd dithrs URPInbtofcand¥t, whereby the total time required
for the hoisting operation may be prevented from being longer.
{0101}

As has been described above, in the third embodiment,
excessive consumed electric power is suppressed from occurring
in the hoisting operation of the crane 1. Accordingly, the
electric power capacity of the battery 42 can be determined on
the basis of the electric power suppressed through the
hoisting operation, and the battery 42 having a smaller
electric power capacity can be adopted.

{0102}
[Fourth Embodiment]

Hereinafter, a fourth embodiment of the present invention
is described.

Fig. 6 illustrates an electrical configuration of a crane
1 and an electrical configuration of a power supply apparatus
40 according to the fourth embodiment. In Fig. 6, the same
components as those in Fig. 3 are denoted by the same

reference signs as those in Fig. 3, and description thereof is

omitted.



predeterm ned el ectric power froma commrercial power supply; a
calculating unit for calculating an electric power difference between
the electric power consuned by the electric power |oad and the

el ectric power supplied fromthe comeggi al power supply; a
controlling unit for charging/discharging electric power according to
t he eIecﬁq#&apomer di fference cal cul ated by the calculating unit,
to/fromthe storage battery; and a supplying unit for

Fecer vi ngunit TR AC RAGEEStE SUbp i P UTe: COTRAF LB pover 1o
power feeding path |eading to the electric power |oad. {C aim 3}
A powver SHiifEPEpparAl 1B EREGH Hyal RIGitRaluking @ move wsns 4 idie
crane is transferrable fromone |ane to another |ane, and t he
cont r ol 16Ing(any ine heanpesd his cifer gesatt herstrtage dladteric duwviary through
transfer of the crane between the | anes, assum ng that no electric
power i sisupptived dff om tdreyixonmsd ciral tipowerhes uppl ot i dwadlgenerator
61 is eliminated and that a power supply apparatus 40°'
replacing the existing power generator 61 is provided. In the
conventional RTG, AC power outputted from the power generator
6l is supplied to the motors 49 and the auxiliary machines 50
via respective load driving inverters 62. In the crane 1
according to the fourth embodiment, the output of the power
supply apparatus 40' replacing the existing power generator 61
is obtained as AC power, whereby the present embodiment is
preferably adopted for meodifying the conventional RTG.
{0104}
The power supply apparatus 40' according to the fourth
embodiment includes: the battery 42; the PWM converter 41; and
a DC/AC inverter 65 that converts DC power into AC power, for
supplying electric power from the battery 42 and the PWM
converter 41 to a power feeding path 63 leading to electric
power loads of the crane 1'. The electric power loads of the
crane 1' can be driven with the electric power supplied from
the power supply apparatus 40'. In addition, in the power

supply apparatus 40' according to the fourth embodiment, the

load consumed electric power P, is outputted from the DC/AC



45 -to claim 3, wherein the electric power supplied fromthe
commer ci al power supply is set to be variable wwthin a range equal to
or less than the predeterm ned electric power. {Caimb5} A power
supply apparatus according to claim4, erein the controlling
unit changes the electric power suppliéd fromthe com*rerci al power

suppl vy, [ har ge st t he stor
battery. q?’(ﬁa}fa%)eﬁ? %%%ﬁt\/@r suppc-i’;/%%%%%a S ac%‘%)rr lng{ o A %q%ﬁ >3-

wherein the controlling unit changes the electrlc power

suppl i ed 4B t he commerci al power supply, on a basis of a history of
the electric power supplied to the electric power |oad. {daim7}

A power supplﬁlaé:pplaf‘rrat the RV FPRY ABPoRE WY 4] aiaracr@ing dintgie

wher ei n
fourth embodiment is connected to a power feeding path leading

to electric power loads of an existing crane 1' in which
electric power is supplied to the electric power loads by the
power generator 61, whereby the electric power lcads of the
existing crane 1' can be driven with the electric power
supplied from the battery 42 and the commercial power supply.

Further, in the power supply apparatus 40' according to
the fourth embodiment, even if the predetermined electric
power supplied from the commercial power supply is set to be
low (for example, 45 kW), the electric power discharged from
the battery 42 assists the electric power supplied from the
commercial power supply. Accordingly, the power supply
apparatus 40' according to the fourth embodiment can reduce
the electric power supplied from the commercial power supply
to the crane.

{0106}

In the fourth embodiment, description is given above of
the example in which the existing power generator 61 is
eliminated from the crane 1', but the existing power generator
61 does not necessarily need to be eliminated from the crane
1'. The power supply apparatus 40’ may be connected to the

crane 1' with the existing power generator 61 being provided



t he crane changes acceleration in a hoisting operation in which a
suspension cargo is hoisted, to thereby performthe hoisting
operation so as to suppress the electric power consuned by the

el ectric power |load, and an electric peyer capacity of the storage
battery is 46 based on the electric power suppressed through the

hoi sti ng; PRE{ALL Of) (D al Q%B}théscrc%@%f% T 0 pay WS R Lover

supply apparatus accordi ng'to any one’of "claim and
an electric ower oad kﬁﬁ is driven ﬁitlj elecﬂgic ower supnplied
from t he? Bowet - Suppt YW HppatatiE  f G&EH I 0)PParatys goerts nation
met hod for supplying electric power to an electric power |oad of a
crane, to supply electric power to the electric power loads.

{0107}

Hereinabove, the present invention has been described by
way of the embodiments, but the technical scope of the present
invention is not limited to the features described above in
the embodiments. The embodiments described above can be
variocusly changed or improved within a range not departing
from the gist of the present invention, and such changed or
improved embodiments also fall within the technical scope of

the present invention.

{Reference Signs List}

{0108}
1 crane
1T crane

40 power supply apparatus

40" power supply apparatus

41 PWM converter

42 battery

48 charging/discharging apparatus

49 motor

50 auxiliary machine

53 charge/discharge controlling apparatus

65 DC/AC inverter



t he crane including: a storage battery for supplying

el ectric power to the electric power |oad, the storage battery being
char geabl e and di schargeabl e; and a power receiving unit for
recei ving supply of a predeterm ned elggtric power froma commerci al

power supply, the power supply nethod conprising: a first
stage of, gal;gd,ating an electric power difference between the

el ectric power ‘consuned by the electric power | oad and the electric

power s li.ed fromthe comrercial power supply; and a second stage
of charé&ﬁﬁ%ﬂ?é&harging electric 47 power according to the electric
power difference calculated in the first stage, to/fromthe storage

battery. {d & MOHFT SUPPLlYA JRRGER S\FAIR#EHeW for a power supply
apparatus that supplies AC power to an electric power |oad of a crane

i ncludi ng a powerepaifer@tdremyr 0 sawe fyiorg whicsh e e@dvetd rigp @awer

generator is elimnated, the power supply apparatus including:
electric power load of a crane, the storage battery being
chargeable and dischargeable;

a power receiving unit for receiving supply of a
predetermined electric power from a commercilal power supply;

a calculating unit for calculating an electric power
difference between the electric power consumed by the electric
power load and the electric power supplied from the commercial
power supply; and

a controlling unit for charging/discharging electric

power according to the electric power difference calculated by

the calculating unit, to/from the storage battery.

{Claim 2}

A power supply apparatus that supplies AC power to an
electric power load of a crane including a power generator or
a crane from which an existing power generator is eliminated,
the power supply apparatus comprising:

a storage battery for supplying electric power to the
electric power lcad, the storage battery being chargeable and
dischargeable;

a power receiving unit for receiving supply of a



a storage battery for supplying electric power to the electric power
| oad of the crane, the storage battery being chargeabl e and

di schar geabl e; a power receiving unit for receiving
supply of a predeterm ned electric pom&g froma comercial power
supply; and a supplying unit for converting DC power from

each of r#%%%%ﬁ% %%f&éyr%%%gro&% Jecco%r\l/eirn 'aLini tom;en Ostl.ﬁ‘ocply;

ower a Mg T he conver te 0 a power feeding pd
p yrng

| eading to the electric power, |load, the power supply nethod
compr i 9i ng: | = CafEACPIRS B 2GRN B e aare
power difference between the electric power consuned by the electric
pover | GHE EHHERIRe Ratetast Chppvieke Supidt IR ST crR TN e rtdiale lrseric
supply; and a second stage of charging/discharging electric 48 power
accor di mpuwer thvadlayed rilee poleert did freavenc eswep cidditforbn thehecdnimestcial
stage, to/fromthe storage battery.

power supply;

a controlling unit for charging/discharging electric
power according to the electric power difference calculated by
the calculating unit, to/from the storage battery; and

a supplying unit for converting DC power from each of the
storage battery and the power receiving unit into AC power and
supplying the converted power to a power feeding path leading

to the electric power load.

{Claim 3}

A power supply apparatus according to claim 1 or claim 2,
wherein

the crane is transferrable from one lane to another lane,
and

the controlling unit charges/discharges the storage
battery during transfer of the crane between the lanes,
assuming that no electric power is supplied from the

commercial power supply.

{Claim 4}

A power supply apparatus according to any one of claim 1



45

to claim 3, wherein
the electric power supplied from the commercial power
supply is set to be variable within a range equal to or less

than the predetermined electric power.

{Claim 5}
A power supply apparatus according to claim 4, wherein
the controlling unit changes the electric power supplied
from the commercial power supply, on a basis of a history of a

charge state of the storage battery.

{Claim 6}
A power supply apparatus according to claim 4, wherein
the controlling unit changes the electric power supplied
from the commercial power supply, on a basis of a history of

the electric power supplied to the electric power load.

{Claim 7}

A power supply apparatus according to any one of claim 1
to claim 6, wherein

the crane changes acceleration in a hoisting operation in
which a suspension cargo is hoisted, to thereby perform the
hoisting operation so as to suppress the electric power
consumed by the electric power locad, and

an electric power capacity of the storage battery is



46
based on the electric power suppressed through the hoisting

operation.

{Claim 8}

A crane comprising:

the power supply apparatus according to any one of claim
1 to claim 7; and

an electric power load that is driven with electric power

supplied from the power supply apparatus.

{Claim 9}

A power supply method for supplying electric power to an
electric power load of a crane,

the crane including:

a storage battery for supplying electric power to
the electric power load, the storage battery being chargeable
and dischargeable; and

a power receiving unit for receiving supply of a
predetermined electric power from a commercial power supply,

the power supply method comprising:

a first stage of calculating an electric power
difference between the electric power consumed by the electric
power load and the electric power supplied from the commercial
power supply:; and

a second stage of charging/discharging electric



47

power according to the electric power difference calculated in

the first stage, to/from the storage battery.

{Claim 10}

A power supply method for a power supply apparatus that
supplies AC power to an electric power load of a crane
including a power generator or a crane from which an existing
power generator is eliminated,

the power supply apparatus including:

a storage battery for supplying electric power to
the electric power load of the crane, the storage battery
being chargeable and dischargeable;

a power receiving unit for receiving supply of a
predetermined electric power from a commercial power supply:
and

a supplying unit for converting DC power from each
of the storage battery and the power receiving unit into AC
power and supplying the converted power to a power feeding
path leading to the electric power load,

the power supply method comprising:

a first stage of calculating an electric power
difference between the electric power consumed by the electric
power load and the electric power supplied from the commercial
power supply; and

a second stage of charging/discharging electric



48

power according to the electric power difference calculated in

the first stage, to/from the storage battery.



