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THE I!\NWW\M\M‘\NMLM d of the Invention The present inventio elates to a
crane, bl e of | oadi ng and unl oadi ng cargoes, such as box-type
cont ai ner s, .q@éooRar bors, for exanple, and a nethod for controll'ing the

crane. More specifically, the present ifdvention relates to a crane and a

met hod for controlling the crane which enables |anding. of a cargo at a
predet er ni ned posi Q%‘%‘IWAMDNEFHQQ:E@B&ONWRQW T%gré%ﬁN time. 2.

Description of Related Art The operations of |oading containers froma
trailer to a ship or unloading of containers froma ship to a trailer is

carried out, for exanple, BAGKGROUNROISTHEINYENTHRS. FI GWMMMMMMM’I

di agram showi ng a crane which may be used for the | oading an

operations. As shown in FIG 10, the crane 1 is a bridge crane, jsah is
cal |l ed 3 gertathelnvehgssfer crane (hereinafter referred to as a "crane")
capabl e of |oading a container Ca, which is hoisted by the crane, into a
target cont ai hB¢ pEsentirentipa Friatgs 10r?c¢ra'@Fe3’VhaCft:1|S&hlé;abﬂfr@%l}éﬁdln@alﬁb’mlo&immpper
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and the hangi ng nenber 5 called a spreader, which suypports the cargo, 1Is
hung f r B Whigh gpabdeslapding f a1c3590 atrepredeiermippd Bpsition Wih highracewacindgi ng
menber § R Jrdinged and | owered by wi nding and unwi nding the rope
menbers 6 using the hoisting device 7 which is disposed at an appropriate
position on the traverse trolley 4 or the crane traveling body 2. Also, the
cargo mgy.be .npved,i rallel by noving the transverse trolley 4 along the
upper ggrlgeS§“8 o Rfékglﬁgﬁ ravel i ng body 2. Wen the container Ca, which is

the cargo hoi shedpdiitidhieftéRing dontdigerPFraaeirailer fo REKH L 8AIBhAIAS of Sdristhers
container Cb and stowed, it is necessaré to prevent any displacenents in
t
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t he conbperagsnsCa so as to prevent any horizontal displacenments in position

As shown in FIG. 10, the crane 1 is a bridge crane, which is called a container transfer
crane (hereinafter referred to as a “crane”) capable of loading a container Ca, which is hoisted by
the crane, into a target container Cb.

The crane 1 includes a crane traveling body 2, upper bars 3, a traverse trolley 4, a
hanging member 5, rope members 6, and a hoisting device 7. In this crane 1, the traverse
trolley 4 moves in the horizontal direction along the upper bars 3 of the crane traveling body 2,
and the hanging member 5 called a spreader, which supports the cargo, is hung from the traverse
trolley 4 by the rope members 6 so that the hanging member 5 can be raised and lowered by
winding and unwinding the rope members 6 using the hoisting device 7 which is disposed at an
appropriate position on the traverse trolley 4 or the crane traveling body 2.  Also, the cargo may
be moved in parallel by moving the transverse trolley 4 along the upper bars 3 of the crane
traveling body 2.

When the container Ca, which is the cargo hoisted by the crane 1, is placed on a
predetermined target container Cb and stowed, it is necessary to prevent any displacements in the
horizontal position between the hoisted container Ca and the target container Cb exceeding an
allowable value.

Also, prior to hoisting the container Ca, it is necessary to accurately land the hanging

member 5 on the container Ca so as to prevent any horizontal displacements in position



" 2 exceeding the allowable range. It requires great skill in this type of
operation to land the hanging nenber S onto this kind of container Ca

wi thin the all owabl e range of horizontal displacenent. It is also a very
time consum ng operation. Accordingly, various proposals have been nade for
techni ques to control the stowage of th2 container, whose main function is
the autonmati on of |anding operations, and they are disclosed in, for
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| onered to | and by wi nding dowmn the rest of the rope nenber. Al so, assune
that the allowabl e range of horizontal positional displacement is 30 Mm In
this state, the cycle of the rope nenber 6 is about 6.3 seconds (2~~(
10/9.8). Mreover, assumng that the container Ca is oscillating in the

Y " e o o " 1 o N o A N~ o



"Here, if the average speed for lowering the container Cais restricted to
100 mm per sec, the distance between the container Ca and the target
container Cb in the height direction needs to be 48 mmor less (i.e., 100
mm sec X 0.48 sec = 48 mm). Prior to landing, if the positional

di spl acenent does not fall within the alg§owabl e range of |anding accuracy,
it i's necessary to correct the positional displacenment or wait for the
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order td A8 A& pove object, the present invention provides a crane
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pl ace, tenrysrmmiordessdi.Opt0EZ@RYSk 048 tdcen4Blingpl acenent detection unit which
detects a horizontal positional di stpl_acemant between at | east two corners,
a first cornePrigido Rndimgoi dhepnsitional displacement doasanos fadl within theallpovahledrange
posi tion.helat] . I ' ce..of h.of the first corner and the
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cor r ect yoaitioasli dgideineposi fall svithlin the afibaaiEeeaigebeHovener ifa cdtretttmsit niade for
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second corner when the first corner and the second corner, respectively,
are | anded based on a detection signal fromthe horizontal position

di spl acenent detection unit, wherein the horizontal position displacenent
correction unit corrects the position of the first corner of the cargo, in
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“include a neans in which the trolley is noved so as to decrease the degree
of horizontal position displacenent based on a detection signal fromthe
hori zontal position displacenent detection unit, a neans in which a simlar
correction is nade by rotating the hangi ng nenber using a rotation device
if such a device is provided, and a neafAs in which the trolley is noved as
above and the rotation device is also enpl oyed. 6 The present invention
al so prrengddtsis acenssany topreverd éeferferenceawith die mgvemmant bf the betstasontainer §adby

hori zont al | v.abl, e manner . . ngj. 4 which is hung fromthe
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corner lands on the position relating to the | anding place of the second
corner. The present invention also provides a nmethod for controlling a
crane provided with a trol | SYMMAIY OF EdpdUMENIION a hori zontal |y novabl e
manner, a hangi ng nenber which is hung fromthe trolley via a rope nenber
and supports a cargo, and a hoisting device which raises and | owers the
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the ropg|EHA8the fohgidn' BReibE N Ee Usgd. to land the cargo supported by the
hangi ng nmefrber at a predeterm ned | anding place, conprising the steps of: a
| owering step in which one of the sides including a first corner of the
cargo supported by the hanging nmenber is lowered relative to the other
sides of the cargo by inclining the hanging nmenber; a first positioning
step in which the horizontal position of the first corner is determ ned
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“In yet another aspect of the present invention, in the above nethod for
controlling a crane, the landing place is an upper surface of a container
.and the cargo is | anded and stowed on the container. According to the crane
and the nethod for controlling the crane described above, the height of one
of the corners at the bottom of the cargo, such as a container, is |owered
relative to 9 the height of the other corners by using an appropriate
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“supporting point for noving the corner B, this leads to a positional

di spl acenent of the other corner if it is attenpted to control the

. positional displacement by considering one corner, and hence it eventually
becones difficult to achieve the object of |anding all of the corners of
the container Ca on the corresponding cé ners of the target container Cb so
as to fall within the 11 al |l owabl e range of positional displacenent. In
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to the B Sété%!’n‘te 3ting do fhedandipg Plage ihe 5eFond $Q8ETon a | andi ng pl ace or st owed
on anot her coMh@pReEnt MweRBEHIAISH ¥rchr?c[e‘s %Qﬂét%d Mé@ﬁ&&lhﬁgh Beant BRVIRIORit t hout
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met hod Of tber a rgtI ;Eols {g)nlensgtsltengsai'[rllw ich Iheth%%zgr?tla pos ion or}tthe firs1 corner is determined

with respect to a position relating to the landing place of the first corner; a first landing step in
which the first corner is made to contact the landing place by lowering the cargo using the
hoisting device in a state where the first corner is positioned at the position relating to the
landing place of the first corner; a second positioning step in which the position of at least one of
the other corners, a second corner, of the cargo in a horizontal direction is determined with

respect to a position relating to the landing place of the second corner after the first landing step;



" These inventions are extrenely effective in realizing a stable and
efficient automated stowage systemfor the crane with | ow cost. BRI EF
DESCRI PTI ON OF THE DRAW NGS Sone of the features and advantages of the
i nventi on having been described, others will becone apparent fromthe
detai |l ed description which follows, and®romthe acconpanying drawi ngs, in
which: FIG 1 is a diagram show ng a perspective view of a crane according
to an eahddisemnt lafdiidstepineskioh therseeortd cmndrané el restrof comestareiniade eordaa the
FI GS.. 2A and 2B.ar chema ic dia rams sho

|
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l'andi ng ; d6dGednel V\fxﬁlrre%t:%tth@ﬁoﬁtl&{)ﬂeﬁtﬁg t& Hetidiey plBééJ(Yﬂ tﬂssbc%a boﬁepgoatna
according to an enbodi nment of the present invention; is a bl ock

di agr amtiieoentigx pdteim isurface i the eangoolands @Dﬁhﬁﬂmdll!g/lﬂa@m of a cr ane according to
an enbodi ment .of the p

for explainin & BFEFY lméefn%gn8§§$?€‘fld§s?ﬁs?gth\c§1for °°8&§§8g 33@%‘?3??1‘6 %(dvggﬁgr e

enbodi nefllepivhidhes Bl in A Kerfidneiily rib¥ableSnintned, aliad@ing Mhehhtsnviwhictpis hung
schemati c plane view for explaining horizontal positional displacepent of a

hoi st ed foghthsitrodley wia woaoew@&er ppd alapaﬂge@ar@eml Fhoisting dgvice ragses and
control hipgs p}e%ﬂgﬁlg @9{5& ngh&h %gﬁp@mdﬁ?‘ﬁl? %petrﬂé'mlperr £Qfank %Xﬁgtugélf'm

FIG 6is a alnfng a net contro Ing a
accor di mandtthe earge sigmehiriee by thodf hangmgpnemlmtat ammlntennmed Findingplace, corhprosanghar t

for exlann t hod for. ntro a.cr.ane.,accqrdin n enbodi nent
of "t e et FBeing sieprn sitiah one of Wk S iRAGHBE AT teother S B

pers peCTshﬂ;%rt‘éH %Wtﬂé hahgi 98hb&AT AIIEd reddifledo the other sides of the cargo by inclining
the hanging member; a first positioning step in which the horizontal position of the first corner is
determined with respect to a position relating to the landing place of the first corner; a first
landing step in which the side including the first corner is made to contact the landing place by
lowering the cargo using the hoisting device in a state where the first corner is positioned at the
position relating to the landing place of the first corner; a second positioning step in which the
horizontal position of the other side including a second corner opposite the side including the
first corner of the cargo is determined with respect to a position relating to the landing place of
the second corner after the first landing step; and a second landing step in which the side
including the second corner of the cargo is made to contact the landing place by lowering the
cargo using the hoisting device in a state where the second corner is positioned with respect to
the position relating to the landing place of the second corner so that the entire bottom surface of
the cargo lands on the landing place.

The present invention also provides a method for controlling a crane provided with a
trolley which is supported in a horizontally movable manner, a hanging member which is hung
from the trolley via rope members and supports a cargo, and a hoisting device which raises and
lowers the hanging member by winding and unwinding the rope members, the crane being used
to land the cargo supported by the hanging member at a predetermined landing place, comprising
the steps of: an adjusting step in which the length of the rope members is adjusted so that one of
the corners, a first corner, of the cargo supported by the hanging member is lowered relative to
the other corners of the cargo when the cargo is hoisted by using the hoisting device; a hoisting
step in which the corners of the cargo other than the first corner are separated from a place where
the cargo has been placed by winding up the hanging member using the hoisting device; a

positioning step in which the position of at least one of the other comers, a second corner, of the



hoi sted contai ner for explaining a nethod for controlling a crane according
to an enbodi nent of the present invention; FIG 9 is a diagramshowi ng a

. schematic perspective view of a target container and a 13 hoi sted

contai ner for explaining a nethod for controlling a crane according to

anot her enbodi nent of the present invenBion; and FIG 10 is a diagram

showi ng a perspective view of a crane to explain a structure and el enents
of a gesregain & hasivenat diceciion is dearminebwith StREG TP @RogHOM FHatingyeNT lendinge

inventign_ s ' Y i.ne . [ i

bt tor DR SPRessois cRapLate My B85 haensind R orB b i e PoeRr
shoul d tbgetheradlitimttichrest@f eomemeré matlb e cntanprydige placgbyldverinBithe cegai | ed
description of a particular preferred enbqdi nenf, set o(#t ) Fel ow to enabl e
one t o WiAg Be aisting deveiniastele Whers the SEToBRERmSE Isqesisionedwith sespaettathe i s not
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exanpl & oriseflihg to)he BT SAESoUhE fEPnd Cinct & R HE oifre BoRBMEN A he s
t o enbochrgrelands af theHandmgeplecd. | nvention will be described with reference to
drawings. First, the entire structure of a transfer.crane to whjgh .jhe

cont ol Ti ng. nEARIE-EaL BYPRR A bPoK e et fohORNE HE § Sanp IOV B & be
expl ai ngslieyFKzeh & suppérted inaradnizemaly fbvable ditnab) & hatdigdmefibe CWARE isBung
(hereinafter referred to as a "crane") which hoists and places a contal ner
Ca ont dremithg gelleyodarenefaemsys anthsupppks a cargoi andz hyistingalevigp evhichamaisepandsi ded

W th , el . I . t 1Q 1 ncl S rane
travel 1 nges B B8 bR A\ ing 0 the BB B e el Befft 20
by neans laid the elxgelsuppoped thyahehiaminghaember 4t b prddecermimddandiny platd) gompelying Oa

i ncl udes horizonta bars, 1 raverse trolley 13, which noves
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in a hdPf siAt of aB?ﬁlé‘g‘E‘{)&e%lno‘ﬁﬁlcé H&algwﬁp%ﬁgrrgpwsmbgrscﬁ ajpstedisouthat ope Qfpper
bars 12 Qid@.@in%hjd?% é(jﬁx\éi E8mdrofi e 9&@&/5‘%@%@@1 by ;ﬁé}%&@g\ﬁ%ﬁﬁe{% Rhlefd 13, and

a hangi ng nenber a spreader) for t cont ai ner hung fromthe
hoi st i nglatize kacthe bthepyides ofige cango whepeherearpeisshoistedibyi usingithe haisting device; a

unwound_by. t he hoi st.i.ng device 1 The hangi.ng,menber .16 cgn detachably
suppor ﬂ’%%@gcsg%t 18i‘ﬂ5?h %ﬁ.(’ﬁ?e S i"f the foref ?Pé’ﬁfl,tg'thﬁ Sidg W%‘ﬁﬂ%&e(ﬁ' S GOTRYT &S
target Lpahediim ?:gﬂﬂe iHRreCiRs @ardb DS bdehl 62 b3 iviiRdinEApitke mé\;?qﬁgdn@fﬂba the
target container | and stowed i's shown. The transverse trolley 13 is

provi deting the hpisHag deyiehs apesitionagistpp whish e positiomple a@gnefihe sidagf the

heel i n vy j I.C i i | I in the
back g focpratiidin e SR AE M beb b &s WBEnAORH Aifbihenet 0 | 1O
f our rgpsitivanblatisg tbthe Tandidgapigieny thesdoend coraés afien hedwisting Step7 amdallahBingave a
nmechani sm b ich the position of 14 ortin oint of fhe rope

e bar sttt B a0tk e sRpnd comer of A EREL i e e St el

cyl i ndeglacedycidsbndlinnaé barghREME thelloifiBig RRideHt b sAROwkte BRARBITIrRE is
supporting point in this manner. Al so, horizontal position displacenent

det ect drositpped withpespeeicto thppsitom, relghing ko tetlanding placqrfshe sesandtomprsorthatget

cont a1 L e B SuA0% 4680 KO0 ALOW B GRTRERAELS on the ground, ie..

mar ks show ng a position re g place, relative to four
corners, A, Bn a@othangbpBlt offthe presenoirivantivat, tHésabak e methodifoesbntrolling a crane

further includes the step of: a hoisting stop step in which a rope member supporting point on the

trolley and a rope member supporting point on the hanging member are shifted in the horizontal
direction prior to the hoisting step, and hoisting of the hanging member is stopped when the
movement of the cargo due to a positional displacement of the rope supporting points in the
horizontal direction is detected in the hoisting step.

In yet another aspect of the present invention, in the above method for controlling a
crane, the landing place is an upper surface of a container and the cargo is landed and stowed on
the container.

According to the crane and the method for controlling the crane described above, the

height of one of the corners at the bottom of the cargo, such as a container, is lowered relative to



"An exanpl e of the horizontal position displacement detectors 20A, 20B, 20C,
and 20D includes a detector provided with a CCD canera which views the

. bottom surface of the container Ca and the upper surface of the target
container Cb at the same tine, and detects the edges of the two containers
by treating the i mnage data obtained to dgtect the horizontal positional

di spl acenent between the container Ca and the target container Cb based on
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16 supported by the hanging menbers 16, is |owered at the speed and tim ng
determ ned by the hoisted cargo | owering speed determnation unit 27A and a
. hoisted cargo lowering timng determ nation unit 27B, respectively, via the
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hoi st edtr@ﬂ’dt)gﬂ i$ MREd, NDarParBPuril RbaesPonding 98 thesuin &% nbving difectidnconipoperitiod

| owering of the container Ca sql;A) orted by the hanging nenber 16. FIGS. 4A
and 4B e &ollpniy thesotaien mREPRR ﬁ’gmm%ﬂf the mayingHrecuemehihe fodley ison

di spl ac i I . I bl i to
appr o ST 2ot hE Eor Bt Oh s RN byl eh it L fourk bntef (PRI
Ca w t hrahgspect to the target container Cb, considering the corner A of the
hoi sted contgjner Ca, as sho in FIG 5, by addi a positional. ..

di spl acenent DRt 1ARPEFFL08 caaﬁgmagrt “F'Bgtﬂi‘&mm\g‘?f?ﬂﬁ ogﬁ\ﬁé@?}i&%ﬁf afottin device if
transveq3g aldeick ®Yprbvdided and HRAS, HhedatrobstBhds 848Nt Ilihe ciddl i€ Brtdriiptéhg to

posi tional displacenment of a noving direction conponent due to rotation.
Not e t hiring displaceppns pha plurality pf erners due twa saigimanetiahwithiptaatalloabisvangsat t o
about 2 at as.nenti oned. ve. i of the
cont ai ntgF s?nﬁngfi h"g ’ ﬁ(l)sn%xlq’{eﬂncﬁ?ﬁgllfﬁ |trt§c ollr_%ﬁctﬁ? p %ﬁ?&@gﬂP Itggeg{l%nttg&tér%ggghgl to the
movi ng sluragied dfodoridrs hithe barAO xR Isitze itlidbayn 489 cdrfierldlicn@tirBtatibhendlemere of
shift of the container Ca due to rotation in the orthogonal direction with
r espect Wibbe ndheprRRasHe direction; fenthscomer at the pther @ide phthe ggntamepecones about 4
neters, and t : | ; i r agli : i N it kS i
practice appr@'gisg gd'?dgr%ggﬂrl@ﬂhgrg?ée&% 8ﬂ%£e%r8§tge§§ ﬁ%%r\ﬂ;éel[@%%ﬁogggp%a%eﬂ[nﬁxg

r ot at i obetweémihe niveremeui ofghelhoistetl iconmtamenfiaaad theadrgeth@ntaimnSher se trol |l ey 13.
FIG 4A is a diagramfor explaining a control.fupction wth the. pyrpose of
correcting a Ilglbsr %Y eéP.aBBré’g{q‘%}ﬁ ﬂzﬁ%mzaetéf@?ﬂtm&e‘ﬂwé@ﬁ“teﬁbofﬂb? Ef"é%gcont ai ner
Ca and {diaihed@ekitk ARpadt A& the CRrgbOdontdier €355 eomﬁgnlkbec&ﬂérn%f&e%iswae

hoi sted container Ca is lower in height relative to the height of the other
cor ner scoBfaiggr Ganlly Bdding & posisipaalidisphisemientidhewhich ispardis! tethe movimg digetiand D
of the I . Q h S r i ner
&, Ao SRLONAL K EIEDS L H b YBBG o ep R S el a2
novi ng mitatieat i on conponent of the transverse trolley 13, which is detected
by the hori ZSIQt al gos,iti osgigl di spl acenent detectors 20A and 20B for the
corners A and ®¢ that dtis pP§siRiein PF “aad%auagesaﬂ%ermﬂep.%gqnttpa oW Pect i on
signal foviBfindS eder, é&sﬁrﬁﬁfﬁltﬁé’leﬂ IR cSRERGSR i ofbifiMal UREctdhi E28R
where both of the corners A and B are displaced fromthe target cont ai ner
Cb, andlengthionthagortabtaathe gapying direction pf @Rransverse tealley) 5l 12gnetars2@P dogreeioh t he

control ip.28D and di fferentiating,el enent E. .The .hori zont position
i ool acTEsr tESep@Rer Sa hiq H33haRbn ftine cRRPfsel Erecubl SablHENs s boa
based omotihg direetidnedf tRogblldyoecoMics 864t dm&eigald thisRuk bé hegTedtb®in @adticat or
28F via the control gain 28D, and via the control gain 28D and the

di f f er eftt5oAdiPRlY> KiciRdrictisg ppPIapLefe 19 prpro¥igiatethe derirs Phmorernem duf ¢hthsi gnal
associ : Wi it 4 i he corner Ais input to the
regul a?tgfﬂlf\glgs&ggﬁgmggéggggﬁﬁnaﬁﬁ@%ﬁgﬁﬁ%trgige , and is controlled so as to
decrease t he plssj 4 stablalandirgpdontreheastly be¢dmasgopsble by darsiing/andiwldiog nesly the by
the operatiopn.of the differentiating elenent 28C after th roll ey position
cor ot A BRI IEY 8 MERGRRFIGHOr et SR SaS e il & SoRFipEoesr for Ui pestiaRt ~of

t he cor figplaBnicht RIPIRHRE phbdeai BKv BorsidRAY vhlyahe oty fraé tafier®i Ch i s

determ ned by the control gain K In this manner, a control which focuses
on the positi bils, &urtheease srhefoiherchmes 4 hasmetlandadand cannaf bsasedbasved. FI G
4B i s [W-ToTs I |-al Q j ' '

posi 1 o PSR ReR o ByiRl B @rhat e O RalPlo FRILRER MbbMoiP bl 8,

t he t argetherdbntisatreenptécbtoadoneanl thh@osiaoms displasémeritdbyconsideriey orfécolas, dndnded

on the target container Cb d while the | gnded_.state of the cornefr Ais
el nt ai PGS CrNERtIRLY becames aithiaw! & acbieve fhg SR AF prdlee Al BHTREF AbeA and
the coragfiaiferiCh & e céﬁegp%ngmgtcsméeb oﬁHQtaﬁge‘f efithidkr OBEEHs fodal SRMIPhet he
positional correction for the corner Bis tcarried out as shown in FIG 4B
in the sanme manner as expl ai ned above for the operation shown in FIG 4A
The correction operation shown in FIG 4B is configured so that it is
carned out only when the corner A of the container Cais in a | anded state
and the horizontal positional displacenent between the corner A and the

o, T ]




In this case, the degree of horizontal position displacenment relating to
the corner Ais below a |level which requires the trolley position
. correction control. Also, since the corner A does not nove due to the
contact with the target container gf correction control shown in FIG
4B becorres a control for correcting onI the position of the corner B using
the corn Atgas a s ort| n int.  Next. a stowage control using the crane
10 havi /& O‘P’?t eE"HWFP %‘taéﬂtgac‘?rﬂ%mabove expl ai ned configuration will be

explai ned in mﬁ@ra@at@&emlé&dtda@g fit QWeHRAEE A, BB AWIEht 6F WhicPis Rt A6k [bweNOLE
that steps S1-S9 shown in FIG 6 indicate the flow of the |andi ng control

for the theohaight oAtf@fothqf@omr% carhot b landedso o satisdy M@\A@blfca@eﬁ popigianali n
FIG 7 i t f B (or

ot her ¢ SPsEBR et O e Mo, IfbGarmol¥ i UChsR AT eod Of sbbiSeerHithe P
control lamslirgf c&:téoadn nteans ﬁ)rsheatt(ﬁnd:rm ditecth thao the cofnek Acis cepansed frdm tBe ta{n‘getand D

at the bottomaf th h0| sted )nt ai ner Ca have Ianded on tﬁue tar

cont ai n&PNtERer Ghd £ oAing Genteal PHSESSA® PeTaBiedagaBe. ToMs el ibieve ¢ o
the hei %tsteafcohme?tia% 1&%&%&& lscaet@ct@t that B0 @istahSe bveH the@ofefAldndd t he
control operation, only the corner A of the holisted container Ca is set to
be | owe rthetxyrgshemgamq Cthis sp&'mle:ntkyrsnmﬂl and ¢hesdigplacemeny bggwieent thefcotrive Ar adghe

menber 15 on t e trans e trol si ng .t.he hangi menb inclinin
v ces coreshditg cpBer ety oambaiagt o nafin Beatopab Faetf hekdthes,n o
t he cor pessitle kScdiplefeGhdRnbDEProdebofor teoataliRr Cadefié &e%osﬁon@lﬂﬁsﬂihceﬁieﬁp,
as a method for setting the height of the corner A to be | ower, i's
possi bl de¢amesdpetreshe | ength of one of the rope menbers 15 be Ionger t han
the other threg §0BfI'k Efsit Plsgi Yéfﬁteﬁh R theS0HA ng@fe epwte %n{a Sﬁbth\é the

corner of the hanging ne hrs "Ehoa al ner
Ca i s cdegreedf displabenant ai nntlmgdbest.ﬂim filbwithin thoall@vabds raGhe ﬁysamlacveamh,.the

operation control i s case,. althoygh th anin f the term!”vicinity
of the tafdigconsht 'é.%wq e pEROBFIthST cesf Pk iBe SmPra Ea@dtff withip the

cont ai ”%Ilowhﬁle 'r§nfg@%§ fellaSe (WRerRIB4 BN Hhs x%t%dﬁba %thime washnakarfdst ance
and about O. or the horizontal position displacenent between the bottom
surface of thé) Pﬁbt:SQredA(hashindEdWGhlnahdalﬂmhlmmge surface of the target

cont ai ner t and mar nt.ai ner wever,. these,settings
. vary deperF SRSt ot iacig hEfefR NG me A RS G AT EC AT I

pr ocess hkight (t)ﬂ‘tﬁe e@meles e cOHRPASs &ill Il thé landirg stdie HaRh&hdTbtiRtbrotest Mestdppear

end of the corner A has |anded on the target container Cb based on a

det ect i deBiilgn deteeted that i qoaprithis serarded Hpmbataggst cpntainer Gépoﬁagorflwgtyh&le
cor ner - Aofe IRRiRGIcSLiS i T PB o iAol

| anded, kﬁee ér corlngarngggg9&gﬁ§mg%g iaa\f/}gm grgk(ﬂgéhtﬁeg%&% eﬁce,

t here |sb6\pace bet ween t he cont a| ner Ca and the target cont a| ner Cb. Step
S2: As shown osition dis I. acenment correction
control for thgTE%F?{gFf‘%%sa I'—vt” in aligw, 3&‘5 ‘out in a state where
the | ower endTat cbxlttam@prsn@tstéa &n‘nltthe dévedted Bt tieRbieNAris Sépahaed framareltadgett he
target container Cb. That is, based on signals fromthe horizontal position

di spl acsasamerebechbihat tma, siner theReighief the egmend it sebia keylopyss then dhe ltregté@tf or
26A andtljiem%rﬁércﬁ ltfr‘é’ &R&%j dzlqg %eggcrh]pg?%mtth ar étrcbﬁtgﬁl{ero ] O?h% %%:

di spl acenent correctlon uni he s ge con uni puts a
19 trol lcegtampe€d iclandmiisy cirgia oitohd dbeve nehtienedriadding cortrol popcdesvforthe31 A to

actuate the trol.l drivin or 31 sqQq that the corner A of the hoisted
cont ai néPmééArPﬁ’fléﬁ%E “ﬁ’ﬁ%l“&gﬁl)gg}’ he e target container Cb. In this
manner, the L AANKY AR dbb®e, |a@é’or&l%ﬁ't§t}fécbrré!ﬁtaﬁg theRBthbd Gor<Bhi6llin tliB‘chx'ike

hoi sted cont ai ner ' Ca approac es the corner A of the target container .
according to the present invention, cargo may be landed on a landing place or stowed on another

container by securely horizontally positioning the cargo without using an additional device such
as a special mechanical guide even when the hoisted cargo is moved in the moving direction of
the trolley and is rotated.

Also, a cargo, such as a container, may be landed on a landing place or stowed on

another container within a short period of time without adding any special device for the crane or



"Step S3: The horizontal position displacenment determination unit 28A of the
stowage control unit 32 determ nes whether the positional displacenent of

. the corner A of the hoisted container Ca with respect to the corner A of
the target container Cb is within a predeterm ned all owabl e range from
which the lowering of the hoisted contaizer Ca can start. At this tine, if
the positional displacenent is not wwthin the all owabl e range, the

hor i zontaitingder the aroveinepl aftherearzo tostop evérafi theaontadier {smepedSa)thdmoying

hori zontal posi.t.ion E‘lysagl ace %%5 correction unit 28B of the stowage control
uni t 32dsr%°tleaPﬁh§dr<8 SiLPEH |t the positional displacenent between the
corner A of tmrézﬁfeﬁmedc&l%ﬁ@flrﬂ@rb&ﬁo@woﬁ Q@aneﬁfgrtﬁace%rcpéndeb%ntaaameﬁ
container Cb is within the all owabl e range fromwhich the hoisted contai ner
Ca may bentdinersnediabie wagmealwithout being affectestiby errarhin pesitianabiestianagion|dgowy i ng

speed determ nation uni.t ,27A t of i.zont al 05|t acenent

cot or m FSCFOCenFren A Aibg afd o A P RyEGE BueRE it Bpilha 2656

det er ni ARiHoART WY fosRibh ERinalioh oethe hbRtddoRtaineg speed for the hoisted
container Ca and outputs a signal tq the hoisted car o | ower | ng tim ng

det er mi nat i onThesednvERpoRyAre exaemely effaetbyenn mealicing atstzrh fang efficienbautomated o

| ower t d cargo lowering timng determ nation
uni t 27§Sw%$€%§{e§?€%§?er% ni?gﬁé ?éﬁout put to the hoisting notor driving
device 30A at the start of the lowering the container Ca to actuate the

hoi sting notor 30. In thj r I j ontainer Ca start,
at the speed determ ned%@%@ﬁ&%kﬂ@%%ﬁhEMWﬂg%;eed determ nati on
unit 27A. Note that the | owering speed determ ned by the hoisted cargo

| owering speed determ nation unit 27A may be set to be a maxi num speed at
whi ch the i npSeme gétherfeaturesiand adeantagesiphithe diventien having berrcdaserbade pthexs witl
the tar 0 r I t a an the timng
det er m Aa, MRS Gl @ et AR WrRICRIGA ARF th 3 ki masBings
set to &amgs;m\mgclat whi ch the posi ti onal di spI acenent of the corner A
enters a predeterm ned all owabl e range. Thereafter, it is determ ned

whet her the | Bar igAdiagram showimgRdiersRestiis Viam 9ba crne perordiag fean emhedimear b
(step RASAGn bR %o SEHSEIMOAnRLIOGd LEABS ARrdandi Ng det ector 23A
correspongéﬁg to rtlheucor n%?ﬁA Yf ﬁ’%hﬁo?’létedﬁc&nt alrner . 20 Step S5:
VWhen t he si gnBlGS. 2énandHdB ararsdhﬂgatd:ahegx‘ams sB¥ing srqssrpcntlonml viéves mathes viethityar go
| owerin det er tion.unit 27C of, t wa trol unit 32

ot ot ed L Ep R TEgRER PHJOL P e ATag Heketir o 85 Blib et soRaiher GpvideE nay
to the GWahsthdie aamrarngdéIawemc)dﬁf{ér@efﬁ@/;\rés@msh%tfbhe actuation of the

hoi sting notor 30 so that the | owering of hoisted ca;ﬁgo Ca is stopped. Step
S6: If it is Bl Srifpbiaskidiagramder expdaining functigh opp sertral systemn of BeTangr ner A of
t he hoi t e corner A of the target

cont ai. n%%cg{ho&é)ﬁﬁl Odggeegotfgh %%?len rE:Qtllcfr{;vvabl e range by the horizontal
p05| tion di spFiatedandinddd arerblowkt disgrams fér eX8hinifg tdrerod bbaagera apdtemlof wni t

| andi n B ations st s S 18%&for t he other corners B, C, and D
are sub?éﬁ%%cr‘f f‘{}“%%?r?ﬂ entS’tfltﬂJe REeSent VeRtion, - ot er i ned t hat t he
posi tional di s aGsaRAMersh shé\@in F(Ns@ﬁémzﬁlc' Jﬁarl};oshe\)oﬂféﬂx'ﬂlzﬁrlﬂﬁ% ﬁbﬁiﬁ’iﬁ@p‘ésﬁlaﬁ‘ﬂe

by the horizontal position displacenent determ nation uni
hoi st i ngispiaecsrensof & Boigeed @an@webwmﬁesm@ﬁ te ) tergetrRontaineg in emglqg!efvr cmlt@dimgs 0

that th (Beh 8 It is determ ned whet her
t he Cm%gﬁ&ﬁé\ﬁ%@ﬁ% ﬁg[hnm é}ﬁ{éo co %fftﬁéeﬁ‘%g%{“%%gte‘%ar ated fromthe target

cont ai ner Cb Pidk&ds am‘loa/chhlglﬁ@iexfptmg b endtievdcon gormie it DeraROAcchding foeanc or ner
A of the H%isted container Ca, Step S9: If it is determned that the corner

A of t hEPAHBEROIBHPIESHR ANERLPR: det ached from t he target container Cb, t he
hoi sting not op130 ik 8 RWRRRR Yo pldiEingd @ nsdihJiSo B R0l 15Hd A/&age Q&\Shﬁﬁ%
After this, the landing control process for the corner (1 e control

proces sembocmnept @ the present aveptibmer) is carried out agai n
FIG. 8 is a diagram showing a schematic perspective view of a target container and a
hoisted container for explaining a method for controlling a crane according to an embodiment of
the present invention;

F1G. 9 is a diagram showing a schematic perspective view of a target container and a



Steps S 10-S 18 in the landing control process for the corner B: Step 510:
It is determ ned whether the | ower end of the corner B has | anded on the

. target container Cb based on the detection signal fromthe | andi ng detector
23B corresponding to the corner B of the hoisted container Ca. Note that
since this step is continued fromstep $8, only the corner A has | anded on
the target container Cb and the other corners B, C, and D have not | anded
when t hitpisiéeontgingrdor éxlainiag afméthédfor cbitedlliag AreranSaegording tdanothetl The

hori zontal positiqn displacenment correction control for the corner B, as
shown i renthodiment of the prasent wyenfign; apd 3 st ate where the | ower end of the

corner A of t hot i : i Ch.
That 15, based gn ergnar g B e R o i o RO SRk B

det ect orcderg@us affalgd®@Bl transfef crama.t he trol | ey position detector 26A and the
troll ey speed detector 26B, the horizontal position displacenment correction
unit 28B of the stowage control unit 32 outputs a trolley speed command
signal to the trolley motpAIItD YESCRIPYIOR CHTAEINVENTIONe the trolley
driving notor 3 1 so that the corner B of the hoisted container Ca | ands on
the corner B of the target container Cb. In this manner, the transverse

trolley 13 is t. . orn t I I

appr oaches theﬁl %é}f’l‘?léenﬁgg s@lﬂg}aﬁgﬁ% %broélgt% %g%f?%efir?gﬁhggﬁ%%g%ggéﬁg Hl%r({gg%etter
hor i zontunldeR@®t thy aafettimloahe filviviaedasditadrirbdriptionwhich SRowdd bt keadstichage
control upit 32 determ nes, whether the paqsitional displacenent of the
corner Belenche tgiaseuppanymesizgame, s detaldeddeseriptipn of @ Raghigilar peefgtred he
target coMANRER, EPohihetdw i {idvhegh heh
the | owering of_tt heohoie\g e'cEiB %hgg%egihﬁg?‘)%g can se?g%?m%ﬁf Lr?@gﬁeirlrtég@ Wﬁe
posi t i onaventios ik aceimtented to lirpit thd ¢rvimeratérbclaimso bistitb servaag e patticalah exdampdet al
posi ti Oﬂhdi spl acenent correction control (step S 11 ) by the horizontal
positio Ure€hl acenent correction unit 28B of the stowage control unit 32 is
carried out. H eRnSifd ahfethdiefopestitioliipathe Biafi® h@ordiBE to HRbIRRENT BE tHeGPréRAt B
of the hoisted container Ca and the corner B of the target container Cb is
wi t hi n tiReension svil b descaibgd withgaiergnce ko drawingsi st ed contai ner Ca may be

| onered, a signal 4 ] ' r [ n :

et or i mat i on' dap (HSTHE BRRkLBR a1 Anl Bl SR B Lant NRE L RRREShaing
det er m rnathegresent inve@forsie appladd witlebehexiphired. car go | oweri ng speed

det ermi nation it.27A determ nes the |oweri spe for.  the hpisted

cont ai ner Ca zﬂ@ Lﬁﬁ?)ﬁ’fagraﬁ‘ Hoyving a coptpiner tmg‘?ﬁﬁgﬁgg&e@ TiTRIGTES Nikrioa

det er m n@fdne™ WHith heiéf anB pRicees coaifl&t 4 HAD8 thrBé donfHim bor starting to

| oner the container Ca by the hoisted cargo |lowering timng determni nation
unit 27B. Al sdhegransniripi bsidge bipeicsang pryided: with whedlsiwhiringiacksithe cantaingrag
devi ce ri [ X t e the
hoi st i ngdgér:é o?rglgbgl.og{.n%r%dﬁ?é c%ﬁ#g?&'ﬁ\ghbggyg%éf‘ﬁéﬁg?ﬁ fpﬁgﬁ{é%hn altg%vgp%%é§%s

st ar t ed railletssarfapekymdetesfia whekl bypettheeling deivid 1¢ar The krine tiangingiodg 10a
determ nation unit 27A. te that the | owering speed determ ned by the

hoi st ed RS howteh@psgggal AR SR vshigh Fgyenin %laqnzpsy e a
maxi mum §Regsh Abn eqﬁspern%ﬂz,qgaﬁfs@sfe@%mupaé%ﬂa%nﬁz._ng of the hoisted
container Ca on the target container Cb would fall within the allowable

22 range. Al sd heisng dewieeyl Mistpeovidetewitlp thetttazerse irotlexd 1% sand @ hangieg inregntier 46 ng

determ ' | 7B s set.to be the timng at ich.t osi tional
i 5ol acaReRER ek e Srdnd il e Pon iRt R R 1A G OB e
it is devichareeturdahiehwolsd bpwrrhotsilg dbviche4.corner B has | anded on the
target container Cb (step S 10) based on the detection signal fromthe
| andi ng det ect g€ hanging sesmbes 16 5an Agfachablyuppest thercoptagrer Ode  Hbthig @abodiment,
cont ai ngfe

Chtainer Cb is the target container, and the case where the container Ca is landed onto the
target container Cb and stowed is shown.

The transverse trolley 13 is provided with hanging member inclining devices 17 and 18
comprising a heeling device and a trimming device which incline the container Ca in the back
and forth and right and left directions by changing the length of the four rope members 15. The

hanging member inclining devices 17 and 18 have a mechanism by which the position of a



"Step S14: Wen the signal fromthe |anding detector 23B is input to the

hoi sted cargo | owering stop determ nation unit 27C of the stowage control
.unit 32, the hoisted cargo lowering stop determ nation unit 27C outputs a
control signal to the hoisting notor driving device 30A to stop the
actuation of the hoisting notor 30 by tiw hoisting notor driving device 30A
so that the hoisted cargo Ca stops being |lowered. Step S15: If it is

det er m gpgottingtpoit of fiesopé aiRalbetl Kpdrathe tiansvese tiolley d81ineanBedby tding hoi st ed
container Ca with respect to the corner B of }he t ar get coggal ner, Cb is

wi t hi n eeerxeawr&emaﬁéah%har@mmenben@én@y ¢ W6 lml?%}wamgﬁ $4nPgHing pornt

di spl acgmpitAdgker m nation unit 28B of the stowage control unit 32, the

| andi ng operations are conpleted with the recognition that each of the
corners A - DAlse!loreontl pbsitivredisplacasq detiectgrsc2iAn 20Bo20¢ fand 2P whinlrdetace  of

the target cantajne n a highly accurate nmanner S16: 1 f i .is
ot er i HEBOTRGE oF e a8 ot G e ihSEelch s FommaE cantiits gh te grgptdyieni o
the al |ﬁﬁﬁc‘§'s§o®ﬁa@9@po§bﬁo§1h@lahﬁ to’-t%@‘lﬁidu%oﬁhée' fllatflle 6 FRAF ROBREs, A B OYhAEDI ON
unit 28A, the hoisting notor is actuated by the hoisting not or dri vi ng
devi ce @meg@talnartc@h@m@wd@@d container Ca is raised. St ep S 17: It is
determ ned wh r S %
fromthe tar gng gg%mn{ﬂg?)rflg% %g{zgﬁtai)éognh& &gﬂ%&ng‘% f?%%ﬁq{)%% thgdtgeﬁ d B@gr
20A f orintheecodérestoprolidet evithod SCBXcanterd wvhithrvidvas thEbefork sﬂtffacel df thé container

determ ned that the cornetr B of the hoisted contaiper has separat ed from
t he targéﬁni@ﬁtuapﬁeﬁurfgéﬁe { the tﬁ&?twp%@eﬁ@@f thgame tg%aﬁ@eetss}s theesdgeys afitherg
ot or - divly edagalﬁeybyeeéi% th@‘flrrng%e 44 Sbtatndf «d At e 1RRDRAI %Ss(?t'iorfahe corner B

(i.e., the control” of ste and t erea ter) I's carried out again.
Accor di dlgplyqemdmebdmtratheemnmmﬁmdndtham@dcmmmhdlb basgdondlnteldtiver Cb in a

hi ghl y within a short period of tine by the

above- it foélﬁg@ﬂ\t %PHQ?B'F} f98%" process of steps S 1-S 18. Note that

al t hough the Aiebelﬁﬁalﬂgubeetommezmem@%dczgm tHe Dhntdiht® (Ré disPSed &R | S
separated fromthe target container Cb, i.e., whether the conmers B, C, and
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cont ai ner caused K a horizontal position displacenment between the rope
supportwhlghmmh%tott @ uppeapovtened the xidI23¢. 13 and t he rope supportl ng poi nt

on t he hangi t he cant. i r . Ca is. hoi stk ng
Gevi ce 14" anc RENEGod 23a i Ted Ol R s Ppio TG ALK dneq PR 3hd
separ at wherf themod P& isar grtlowenpaitionl tl@bréﬂnﬁysh&bl@ 29Béas &mﬁéﬁiGONOSI tional

di spl acenent s cauiﬁg bet ween th%ﬁhm sting point on the rope nmenber 15 on

the trolley 113 kg i PASINTE Arstaty i waich Biseconiainse Cataslapded %thc
hangi o fRMB&tidE Sb,38d h

connecté1 to tt?lle hangi n(E;lllerrlg)rfriﬁ?3"2l @10,95&@& i uﬁﬁé %B%Q?%%%8%§§lﬁ
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become< 0Pt o e Sar FHAE dorSl  ieew Fhicsthy R BER A ai n
t he raisiing Ja@w.ght as small as possible as conpared with the case where a

| andi ng det ector | ncludi ng%a limt switch is used. Accordingly, time

required for ReEthatayFHae. 14andi2B gheapmeraba? indicags stadss IOWﬁléﬁnql thegwist or med
subsequgpt Ly 2 Sip % ough the ot her

cor ner %i . E , lﬁgs%:zgtronegg% tlhg?gﬁt %elf:g%mg}eer% [ sﬂ%tgls)?ljtlltéc:ned and | anded on -
the target coNesi thercofliolafystem fohthecraned) baviig thhieboveneaitivaed Gaudtsre will be

posi ti one an Idg ed on the target container Cb in the above-expl ai ned
errbodl 1n; ossible that one of the short sides, R 1, of the hoisted
cont ai ner Ca 101€;. 3QY8 R rdrh KBwing % dRA¥MNsykRmHbEorirol hb@tcmgéo érafiéh byhe
side R1 may be landed on the target container Cb. After this, he ot her
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performa | andimng, 2pte]r %h}n%%i% in 1@4t%>e dﬁ&&' é %¥1 rol umi N84 2PB%RN %@gor% for

control process, ar get cont-al ne



while the corner A on one end of the side RL is positioned in accordance
with the | anding control process for the corner A as descri bed above. Then,
-the side R2 is landed on the target container Cb while the corner B on the
other end of the side Rl is positioned in accordance with the |anding
control process for the corner B descri béd above. 24 Al so, although an
explanation is given for the case where the hoisted container Ca |ands on a
t ar get cowatmgithe hofsting deviee édiviadi madstingdretor divedg dpyoeJ0A is ¢annegted tnthe e
possible to a QI th% resent invention to the case where the container Ca
i's stoméH“Wﬁeg ﬂ%g' ‘related to a | anding spot on the floor of a

cont ai ner stowgage aadf@Ry dNOt thédt 31 forlatuaeRCthe Aayisverdearollefd 340 Hetdieverftas
| anded on the floor of the container stowage area, provi de a nmeans for

ne 1, on : \ to ?
det ect i féreatianoyip adiellgy mever drivine devign HAcivepnnastadtadhe stawagrosoptraburibid. ai ner
Ca and the pr 1 e, jmg': j t | .
det ecting hor ?\g@%&e{p tgga ti d I 20 6?3@@2@%% lcgée?%s\ﬁgg%%ﬁiée ﬁ%?grtggﬁg%ﬁ%g{ahng Ca
and t he Qaangehe aadingidesictoCi23Blwhitls carfespands e theaosnedn [Beofi the eonthiagr Chare

hori zontal position displacenent., detectors 20A- 20D, i.ch are u en the
cont ai néP"@thdéﬂéE"'_ %ﬁwﬁ&e‘_’ gg\é‘%“ nte['c pa }St“zzils‘:afgfb\i\g]‘?réﬁﬁ@tefzw aggt %‘P\qng
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to the corner A of’ the container Ca |ands on the target container Cb
det er mi rlidnig cohrecproigpd ttheostowhgs enptrohfinied2.t he position of the corner Ais

det erm ned i n t he,.enbadi pent | aj.ned. above, _the coryer osktion is
ot er mi ned af Papedifgn a5t Rmbontif BoROe HispReatten: BBRERIAM ald P REL A 2T
the cor neillefpoditiéh ddBEBOYEA foraletdtOh@ thetpogition bf tHegraietersd WolfeyA3Bind 23fallegnd
23D, and the horizontal position displacenent detectors 20B, 20C, and 20D,
r espect ispeadydetegtar 26Bdor detgeting theymoving sperd oftthe ransyerse trelley are coppgsted tp tha he
enbodi n%wwaggﬁfiﬁtkﬁ‘?ﬂit% ove, the above-nentioned | anding control process can
be appropriately carried out if the detectors are provided on only one of

t he corners BAI, thnsloWageoddnen! tnadl ineldeos herizohtal position disglateméerhe cr ane
and the nethod for ¢ rolling the crane in the above enbodi t of the
present deifRIRLigH Unk BlAGBe e ‘AePEkRASHICE dSIRCBRORIROMRRER UNHERP t e ont r ol

|5 Per { oRBshipoaARE gl derhiifat3ThA OB et blds iPihe HoR b AAHIERbnal

bet ween the corner A o oi sted contai ner Ca and the corner A of 'the target

cont ai nelisplagementi tekween the peradest/e and Red theoointainen Gagindibatvdeanil engngss dcand Bind
he whol ' : , ' b j h
e, whole® uARlal Offaifd. 106580 L0GiH 88 by SEMIBLAGE il RELIISTH AR, ¢ e

positioning € cor e corn )
t he hoi dibeidoralrjositioardisptacemgnidetstarsA and 20BanThe Borzonest positibmdidpldcanert he

target contajner by securely carrying out a positioning in the
hori _zontcaveﬂ}qne@eﬁ%# %mw&fﬁe abpipniyhe 19| Birane @amrﬁ&égtqutm Heolley
speci al pRANARIRAAd Qgﬁa?ﬁ) th@Yﬁﬂemrtd?ﬁi%eﬁéc)%@l%%@d %Eig%s ﬁ%gf‘i!ﬂged In

the noving direction of the transverse t 13 and 1s rotate 2) the
hoi st ed hoomontalmmsitioa dspjademest detentors 30A and 30Bnthe ploHey positidadetedor}o A, lapd

t t t ai it hi g f ot tthout th f
e oo 3 5oe Rt AP s8Rl e BB o b ot PR B SR o
vai ti ng chbataireh€a MateM@Bcoftfers A 2hd B thOfatgkt btaifer €l st op even when the

hoi sted container Ca is noved in the noving direction of the transverse
troll ey 13 andM9reoysthe spwagspontpl upididd dusdudes ghaistrsh cargo lomgring seacdwed on a

w thout Ber by JAR2TA 00 S ALOES RRAhELBthe telnichl G Pl IR
di st ur bdoots], casgeclovwasingispetdaiettrmirfasion uhio 2dA dbtetthmeb diedbwdringispped of ahaisted
anding Cont ol sdTe! 198 e RiBOPLLSNE C.SR LR Qhed BECRSh B cont i ner
transmitted from the landing detectors 23A and 23B, the hoisted cargo height detector 25C, and
the horizontal position displacement determination unit 28A. The hoisted cargo lowering
timing determination unit 27B determines the timing for lowering the container Ca at the
lowering speed determined by the hoisted cargo lowering speed determination unit 27A. The
hoisted cargo lowering timing determination unit 27B outputs a signal for commanding an

actuation to the hoisting motor driving device 30A so that the hoisted container Ca, which is



The above effects are extrenely effective in realizing a stable and
efficient automated stowage systemfor the crane 10 at | ow cost. Having
.thus described several exenplary enbodi ments of the invention, it will be
apparent that various alterations, nodifications, and inprovenents wl|l
readily occur to those skilled in the a. Such alterations, nodifications,
and i nprovenents, though not exrressly descri bed, above, are nonetheLess

i nt endexPRERES bipthe danging members] ¢ 1y lowersd at the spred andipingrdefasmined Ry ipe on .

Accordin td | [: 17] defq fiol b owi ng
cl ai s %"?\%X%%]JJ (\?/lad%\r{\ﬁg Sk) géehr %@%&ﬂlmtg’gqﬁﬂy AI %Idé‘ﬁﬁ%%k%&g{?)’oﬁ%ﬁlgggﬁ% ovi ded
with a detehliepionhinit?7Bs respppivelye diaithe Boiktirtg motot 801 y novabl e manner, a

hangi ng menber which is hung fromthe.trolley via a rqpe nenber and
supports a pa‘%‘_ﬁ@,er’é%ﬂgwﬁ%‘? e “’&I‘ég?&éj‘v{i‘?ﬁE%‘OPEB%S“@_ESOQHB"’T‘%EP_B t he hangi ng
menber eriRfioRGinftd CUANICA AefeminkS tHeQRRinERIREP Lo} thE BRRail&l Odbase@ent O

| and the cargo supported by the hangi ng nenber at a predeterm ned | andi ng

pl ace, sigmrremnbe landingrdetestorsl3fpend 23Bn Thehoisted parge lepgringstemh unit whi ch

det ects hori.zont al si.tional displacement b n.at .| e .ners,
i ncl udi 9 erﬁ“’?alurogtunitc;ﬁfg?ut%lﬁaaglgggfcco %dlrfr?ﬁaé" acg#%'t%ﬁéo aerhé)gsq%%&ﬁ %&p%rg{l% on
rel ati ngevice 3oAesd aacthe BoRtiAE hotdr 38ds Etoﬁﬁedtdld!hef timilg detrmiiedabydhé heisted cango
corner; and a horizontal position displacenment correction unit which con

ects a IRVETBRFERdelsHgination it d7'S pr grdshintiombedpweringef the contaiger Gagnpperekr s,

the fir second corner, of the cargo and the position
rel ati n%;tthgﬂ%{a%g{r% |t}r?g?%'l ace of each of the first corner and the second

corner when tH&SE #AsIndcd® arerdiapnaing foe esplaming factivar of the hgréaonial bsition and

based o det ecti on ,signal._from sai rizontal position displacenment
det ect i‘gwﬁﬁﬁ?m"f‘t W{é‘?cé‘f’ﬂ%gﬁizggﬁgi’w&‘h?ﬁ%posi tion displacement correction

uni t correct syérheic RAsIskibRNo @pploRtfindte fithopiRbMar pddftidnBsplaeRnt bfthéhsikRE €
where the first corner of the cargo supported by the hangi ng nmenber

is
| ower edcontsiner iGagvitlyraspect ¢ Hertargetrqpataines Chy pensiderige thecames| A of thg hoistedhangi ng
menber, .1h I.rStm0 r.of t cal 1.an a h S ti

rel ati ncgﬁ)%1 acl)rsetr%, %gﬁngwﬁgﬁ&lgcé,%f}%a@hneg$ orsgt?o n%ﬁ?‘ﬁ@? ge%eﬁlgidt]‘hgvr?ﬁ)cgldls Barﬁg?litgont al

posi ti olie eHovrigadimREion of thentenbvedse teollely 180tor£8dsitidnakdipsiatemenn DS whith isgcond
corner so. that the second corner | ands at the@yosi tion relating to the
| andi ngP9sitioual gsplagrancaibebmmoyieivection compansadysitadot@denwith a trol | ey

whi ch is SUpWﬁtE iht iiﬂf goé}%lie,ziﬁ Brkiky, t%és@ tlg?x%&‘%i%n nfoVaaHaAl ﬂ%%bﬂﬁﬂ”ﬁagﬁ a""“i ch

is hung fromthe trolley via a rope ne r and supports a cargo, an
hoi st i ngosiey meatinmkidcdboveai sHsnanaksshmiverthattthe ldngthgpfithe eervtdiner ibyhedongiiudgnadnd

uppor (Sl ice s RERR G ihoRRhe &R ot B iR el tirsnty o iSeSS s 12

conpr i shegss, theliepice @ff kit ¢Tabeé EdrRaine GPdR ¥B@tiokl B the bitRdgdhal diretkibs Wiiet ect s
a horizontal positional displacenent between at |east two corners,.

i ncl udiTiepest toithe moyBierrlirectipn obiths diayerse Holleiel3 bespmen aba Agnetersdand thissar bon

E:glr ﬁgr ?%g%egtetdhﬁ pl‘ﬁﬂgé.ngA&l,o?&iﬁgg’f it ?saiﬁtbr&fticé Qﬁpr&bﬁzﬁ& t&&fp‘?@){imﬁ{}qh& Hggrééa&o nd
movement due to the rotation using the moving direction component of the transverse trolley 13.
FIG. 4A is a diagram for explaining a control function with the purpose of correcting a
horizontal position displacement between the hoisted container Ca and the target container Cb
for the case where the corner A of the hoisted container Ca is lower in height relative to the
height of the other corners B, C, and D in a state in which none of the corners A, B, C, and D of
the container Ca has landed on the upper surface of the target container Cb.
As shown in FIG. 4A, the degree of positional displacement of the moving direction
component of the transverse trolley 13, which is detected by the horizontal positional
displacement detectors 20A and 20B for the corners A and B, respectively, is added as a trolley

position correction signal to be used as a trolley position correction signal for the case where

both of the corners A and B are displaced from the target container Cb, and is input to a regulator



a horizontal position displacenment correction unit which corrects a
hori zontal positional 27 di spl acenent between the at | east two corners,
.the first corner and the second corner, of the cargo and the position
relating to the | anding place of each of the first corner and the second
corner when the first corner and the seédnd corner, respectively, |and
based on a detection signal fromsaid horizontal pgsition dkalacenent

det ect | @8Fyia 2 contrpd gain PIGViR B CPBHPIaEa"b%@i) #npda d %’ pptatipglemenbi8hact i on
t t i t t at
unit corrects "I{hQ%OQQ(ZIgEI' ;ﬁﬂlt?}l ! s{b fackinkrit co urfif 2§E§18ut‘gafsgi%oll§9 béeetahael e

where a side inclu cor ner o e cargo supporte
hangi ng commzaad signal based ed theedrdtely\pesmon ooﬂnentloms@ml imput finem ¢lae ggullator 2RE viani ng

t he hangj , he side .i fi.rst f the
cargo- | ool eria 2855 rid i therontrohgaip asb e ik Afesmndie SgeRast ;¢ o
corner, and thgg,, s ﬁol’fl?fﬁo%ﬁfbh%rr@&ﬁintélg?ﬁl 8458 E1hRE STRIthe poSitiSikdl dRPladéthént

corrects the posi'tion of another side including the second corner of the
cargo softhearorndiel isdoputdo dsrmeslaton A viata differepiating ebemens 28€; angl is gontralled

| andi ng pl f C I

o o0 P oGt Resiy o FEAR, 5, GORPHAA D uole
manner, oatﬁmgbn&gtmtmgcmémwﬁtlzsh: dfer thenglley @mltlh@céﬁeﬁnbﬁwomd basdgdapetheenber
and supports a carg and a hoistin device_mhich rai ses and | owers the

hangi ng 95846 &f thswomtwaalrfbsmﬁfwm ¢ RYMEMB iy enmepleted pathun 2 pleady- A€ bei ng
used to d'ealaﬁoﬁ BRichas eaeﬁﬁll%ﬁw% dRhitrb! *Eaubx'zlngl ng menmber at a predeterm ned

| andi ng pl ace, conprising the” steps of owering step in which one of the
corners, incl dlnltlngmnmrr 3 tomtmd mehich foéusehen therpysitisngporieetibrofpr theseleatedi ng
menber is |lowered relative to the other corners of the cargo by inclining
the hangPHg ééﬁﬂ@f'né%flrst positioning step in which the horizontal

posi tion of tIFeGf4B$da 8REARS for %xﬂﬁﬁ)ﬁ{g%ﬂétﬂ)n%i &ﬁ@ﬁﬂgme ﬂ&lzﬁn@gﬁdshidhn
relating to the landing place of the Tirst corner; first g ste

whi ch t iésplacementcithegomer Brafitherconteiner 68 withrrespeahioi thgtapm@@ntb»pen Gb\eftq:mtge t he
cargo u%éxgxga%\hﬁ tﬁ'é) &%téu & €§ Héslclgx%deg of tﬁé @?th P@ %c} 8@ A {v 21 nec{ed rsza{e of

position posi |on re |ng ) Pacd o
cor ner, thaemmdlmsmtalm ng step in Whl ch the horizontal position of at

| east one cor r oth n.the fir t corner, including a second rner
the cargo is ﬁé@ aﬁt the relatins lpthst%eeﬁdé? £9TBF éépgfherfgm%ﬂtlﬁé‘?ﬁa%. ng
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| andi ng step in which corners other th an the first corner including t

second ouf areshoangn fidded B on thersame manher asznpliaingd pbavsefobthel aparation ghammdaﬁgo
using the hoisting device in a
The correction operation shown in FIG. 4B is configured so that it is carried out only
when the corner A of the container Ca is in a landed state and the horizontal positional
displacement between the corner A and the corresponding target container Cb is within the
allowable range.
In this case, the degree of horizontal position displacement relating to the corner A is
below a level which requires the trolley position correction control.  Also, since the corner A
does not move due to the contact with the target container Ca, the correction control shown in
FIG. 4B becomes a control for correcting only the position of the corner B using the corner A as
a supporting point.
Next. a stowage control using the crane 10 having the control system of the
above-explained configuration will be explained in accordance with the flowcharts shown in
FIGS. 6 and 7.
Note that steps S1-S9 shown in FIG.6 indicate the flow of the landing control for the

corner A of the hoisted container Ca, and steps S10-S18 shown in FIG. 7 indicate the flow of the



“state where the second corner is positioned with respect to the position
relating to the |l anding place of the second corner so that the entire

. bottom surface of the cargo | ands on the | andi ng pl ace. 28 4. A nethod
for controlling a crane provided with a trolley which is supported in a
hori zontal Iy novabl e manner, a hangi ng m@nber which is hung fromthe
trolley via a rope nenber and supports a cargo, and a hoi sting device which
rai ses mnding@ontrsl fohthetvongr B)ofrethee corhyrsyoftiie hgistedabomainien&hng the rope
menber, the crane being used to |land.the c 0 Su ort ha i ng
nmember at a pﬁ&ei’%‘%’i‘%é@ lendige ﬁﬁmfﬂqé%%a“ |asﬁt£gmc‘?{ E)%O ersA.
| overing &tgh Hi YM%' Halao 1R h&x@ﬁd%bﬁ%ﬁef 08 bkl B4 drl the Eargarceﬁtame; cbhid
cargo supported by t angl ng lowered relative to the other

si des ofhetheight af the cbyner Acisisel tn@etld)werrrahagvmg: the hibight ofth¢ pthet cqyners B, Enamdy
step inwhich the horizontal position of the first corner is determ ned
wth re?pect to a position relating to the |anding place of the first

corner; a firghatlidpsione sheipgithe Whitrohopdiatich, BRlyithe tottlérd of iR Hoistéd contimer
is made to contact the Iandi ng place by |owering the carﬁo usi ng the

hoi st i n§adeset kebg lower by shangjpthe pesition pf e semqri@mg painiRfdhe rqpﬁé@r%her lhen
positio r

Posi t1 oSt (A Bt er i 4301 RO 1303 e

i ncl udi h@gmgsmembdr Dor rarthis epynasr, belythecahereA iswet wobengwbhfhaﬁ thesith@@brers of
t he cargo dg[gterm' ned with respect to a position relating to the | anding
pl ace o Erandecond corner after the first |andi ng step; and a second
landing step RN £held@ fof é%%nﬂg”tﬁk HE&FHQoﬁtH@c&%&OR% 60T, iPls JolgbIeds 90 1 S
made to contact the landing place by fowering the cargo using'the hoisting
devi ce adjust the lanethwf@ne of the repcmrnhbersrliade lpugep tuintthootbdr thidelropempmberstld t he

positio I atl andi n ace he.secon ner so that the
ot 1o BbichRs elitetdufing REbNTs Boderorthe hABBEREREEE o nce. 5. A ot hod
for controll 'thi% e@ﬂitwm(ﬁnaﬁtomedmte&dohtame&mhé eatrivdtcthe Vicisitigahé Rekdtn a
hori zontal Il y novabl e manner, a hangi ng nenber which is hung fromthe

trol | eycontainerdelebyra mpEpal opsention spwFals  kn Wis Geee. altheugh the meening ofithgiteran whi ch
rai ses ag & dRgh g9 ope
romber s psy BPIR dhigSt ARG IS b o e B b R e g
nmenber possblgproedaine abcmw 1 mrfot thg vpttzeledistanmeand abogy e for drhodizontaln

adj usti ste i.n which the | ength of menbers.is_adjysted so that
21T st PR pRost Beisen Lo more ohBE RafTronivines 6A #hd Hecimeried

rel ati veurtde 6PRaAGO¢IM@indrit ok BE 1$0 kfhd£8 1iine TonialiRer.C M SRR QHesE he cargo
is hoisted by using the hoisting device, a hoisting step in which the

cor ner sSestfingsHpay.wary depRNEe arhtha skeasion; r st corner are separated froma pl ace
where t .hangi ng nmenber using the

hoi st i ngéag\sli%@ln?ﬁe Bﬁ&?ﬁ%hﬁgﬁ%(ﬁ)&ésyﬂlm nﬁfﬂt ie horizontal position of at

| east ofepdfl:the ot her corners, |ncI udi ng a second corner, of the cargo is

determ ned wi position relating to the 9 | andi ng pl ace of

h respect t.o ,
t he second co\E‘ﬁgr 4y %?m‘ﬂ@aﬁgi%lPWﬁbelgtgﬁge saTgetA hanhandes! ant thp targetiRN@HeE he
cor ner scetRgl drhAdeit ffonf s'igrn%f frsmtﬂéranamgldéfyc{w 28 RVREE 9&%89&&% Y iR e

contact with the landing place by [owering the cargo using the hoisting
devi ce pinthe hgistedecontaenres Gahe second cor ner |s positioned with respect to the

position rel the |a f e secon or so that the
bnti rebot ¢ om b dfirt PR A e AgblaR i e A BRRENH: oA p8% At ot
landed, and hence, there is space between the container Ca and the target container Cb.
Step S2:

As shown in FIG. 8, the horizontal position displacement correction control for the
corner A shown in FIG. 4A is carried out in a state where the lower end of the corner A of the
hoisted container Ca has landed on the target container Cb.

That is, based on signals from the horizontal position displacement detectors 20A and
20B, and from the trolley position detector 26A and the trolley speed detector 26B, the

horizontal position displacement correction unit 28B of the stowage control unit 32 outputs a



" 6. A nethod for controlling a crane provided with a trolley which is
supported in.a horizontally novabl e manner, a hangi ng nmenber which is hung

_fromthe trolley via rope nmenbers and supports a cargo, and a hoisting
devi ce which raises and | owers the hanging nenber by w ndi ng and unw ndi ng
the rope nenbers, the crane being used 48 1 and the cargo supported by the

h ' nb t det I ped di I I Si t t f:
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side includin I'Ss"S a place ere € cargo

has beenroptaireedapprtiactibsibe édifer0pihe targ@roatainesiObg t he hoi sting device; a
positioning step 1n which the horizontal position of the second corner of
the si dSfSihe cargo separated fromthe place where the cargo has been
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points is det ¢efgPobitiohdlidpPiciinkMbet &R the corner A of the hoisted container Ca and the
corner A of the target container Cb is within the allowable range from which the hoisted
container Ca may be lowered, a signal is transmitted to the hoisted cargo lowering speed
determination unit 27A from the horizontal position displacement determination unit 28A so that
the hoisted cargo lowering speed determination unit 27A determines the lowering speed for the
hoisted container Ca and outputs a signal to the hoisted cargo lowering timing determination unit
27B in order to determine the timing for starting to lower the container Ca by the hoisted cargo
lowering timing determination unit 27B.  Also, a control signal is output to the hoisting motor
driving device 30A at the start of the lowering the container Ca to actuate the hoisting motor 30.
In this manner, the lowering of the container Ca start, at the speed determined by the hoisted
cargo lowering speed determination unit 27A.

Note that the lowering speed determined by the hoisted cargo lowering speed
determination unit 27A may be set to be a maximum speed at which the impact generated by the
landing of the hoisted container Ca on the target container Cb falls within an allowable range.
Also, the timing determined by the hoisted cargo lowering timing determination unit 27B is set
to be a timing at which the positional displacement of the corner A enters a predetermined
allowable range.

Thereafter, it is determined whether the lower end of the corner A has landed on the
target container Cb (step S1) based on the detection signal from the landing detector 23A

corresponding to the corner A of the hoisted container Ca.
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Step S8:
It is determined whether the corner A of the hoisted container Ca is separated from the
target container Cb based on a signal from the landing detector 20A for the corner A of the
hoisted container Ca.
Step S9:
If it is determined that the corner A of the hoisted container Ca is detached from the
target container Cb, the hoisting motor 30 is stopped by the hoisting motor driving device 30A.
After this, the landing control process for the corner A (i.e., the control process of step
S1 and thereafter) is carried out again.
Steps S10-S18 in the landing control process for the corner B:
Step S10:
It is determined whether the lower end of the corner B has landed on the target container
Cb based on the detection signal from the landing detector 23B corresponding to the corner B of
the hoisted container Ca.
Note that since this step is continued from step S6, only the corner A has landed on the
target container Cb and the other corners B, C, and D have not landed when this step is carried
out for the first time.

Step S11:
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In this manner, the transverse trolley 13 is actuated, and the corner B of the hoisted
container Ca approaches the corner B of the target container Cb.
Step S12:

The horizontal position displacement determination unit 28A of the stowage control unit
32 determines whether the positional displacement of the corner B of the hoisted container Ca
with respect to the corner B of the target container Cb is within a predetermined allowable range
from which the lowering of the hoisted container Ca can start.

At this time, if the positional displacement is not within the allowable range, the
horizontal position displacement correction control (step S11) by the horizontal position
displacement correction unit 28B of the stowage control unit 32 is carried out.

Step S13:

If the positional displacement between the corner B of the hoisted container Ca and the
corner B of the target container Cb is within the allowable range from which the hoisted
container Ca may be lowered, a signal is transmitted to the hoisted cargo lowering speed
determination unit 27A from the horizontal position displacement determination unit 28A so that
the hoisted cargo lowering speed determination unit 27A determines the lowering speed for the
hoisted container Ca and outputs a signal to the hoisted cargo lowering timing determination unit
27B in order to determine the timing for starting to lower the container Ca by the hoisted cargo
lowering timing determination unit 27B.  Also, a control signal is output to the hoisting motor
driving device 30A at the start of the lowering of the container Ca to actuate the hoisting motor
30. In this manner, the lowering of the container Ca is started at the speed determined by the
hoisted cargo lowering speed determination unit 27A.

Note that the lowering speed determined by the hoisted cargo lowering speed
determination unit 27A may be set to be a maximum speed at which impact generated by the

landing of the hoisted container Ca on the target container Cb would fall within the allowable
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target container Cb (step S10) based on the detection signal from the landing detector 23B
corresponding to the corner B of the hoisted container Ca.
Step S14:

When the signal from the landing detector 23B is input to the hoisted cargo lowering
stop determination unit 27C of the stowage control unit 32, the hoisted cargo lowering stop
determination unit 27C outputs a control signal to the hoisting motor driving device 30A to stop
the actuation of the hoisting motor 30 by the hoisting motor driving device 30A so that the
hoisted cargo Ca stops being lowered.

Step S15:

If it is determined that the positional displacement of the corner B of the hoisted
container Ca with respect to the corner B of the target container Cb is within a predetermined
allowable range by the horizontal position displacement determination unit 28B of the stowage
control unit 32, the landing operations are completed with the recognition that each of the
corners A — D matches with the corresponding corner of the upper surface of the target container
Cb in a highly accurate manner.

Step S16:

If it is determined that the positional displacement of the corner B is not within the
allowable range by the horizontal position displacement determination unit 28A, the hoisting
motor 30 is actuated by the hoisting motor driving device 30A so that the hoisted container Ca is
raised.

Step S17:

It is determined whether the corner B of the hoisted container Ca is detached from the
target container Cb based on a signal from the landing detector 20A for the corner B of the
hoisted container Ca.

Step S18:

If it is determined that the corner B of the hoisted container Ca has separated from the
target container Cb. the hoisting motor 30 is stopped by the hoisting motor driving device 30A.

After this, the landing control for the corner B (i.e., the control of step S10 and
thereafter) is carried out again.

Accordingly, the container Ca can be landed on the target container Cb in a highly
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Note that although the determination of whether the corner B of the container Ca is
separated from the target container Cb, i.e., whether the corners B, C, and D, other than the
corner A have been raised, is made based on the signal from the landing detector 20B provided
with the hanging member 16 in step S17 in the embodiment explained above, it is possible to
carry out the determination process without using the landing detector 20B.

As a means for making the determination, for example, it is pessible to provide a sensor,
such as a CCD camera, for detecting the movement of the hanging member 16 in order to detect
subtle positional shifts of the hoisted container Ca caused by a horizontal position displacement
between the rope supporting point on the transverse trolley 13 and the rope supporting point on
the hanging member 16 when the container Ca is hoisted by the hoisting device 14 and the
corners B, C, and D, other than the corner A, are separated from the target container Cb in a state
where the positional displacement is caused between the hoisting point on the rope member 15
on the trolley 13 and the supporting point of the rope member 15 at the hanging member 16 side,
i.e., the point at which the rope member 15 is connected to the hanging member 16, by slightly
moving the transverse trolley 13 in the horizontal direction, for example, when all of the corners
A-D are landed on the target container Cb. In this manner, it becomes possible to prevent an
increase in the raising height, and maintain the raising height as small as possible as compared
with the case where a landing detector including a limit switch is used. Accordingly, time
required for carrying out the alignment control process, which is performed subsequently, can be
significantly reduced.

Note that although the other corner (i.e., the corner B) of the container Ca is positioned
and landed on the target container Cb after the corner A of the container Ca is positioned and
landed on the target container Cb in the above-explained embodiment, it is possible that one of
the short sides, R1, of the hoisted container Ca be lowered first, as shown in FIG. 9, and in this
state the side R1 may be landed on the target container Cb.  After this, the other short side R2
of the container Ca is landed on the target container Cb to perform a landing operation with high
accuracy.

In the above landing control process, the side R1 is landed on the target container Cb
while the corner A on one end of the side R1 is positioned in accordance with the landing control
process for the corner A as described above. Then, the side R2 is landed on the target container
Cb while the corner B on the other end of the side R1 is positioned in accordance with the

landing control process for the corner B described above.
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hoisted container Ca and the predetermined position on the floor as well as a means for detecting
horizontal position displacement between the hoisted container Ca and the target container Cb.
It is of course possible to employ the horizontal position displacement detectors 20A-20D, which
are used when the container Ca lands on the target container Cb, as the means for detecting the
horizontal position displacement.

Also, although the corner B adjacent to the corner A of the container Ca lands on the
target container Cb while determining the position thereof after the position of the corner A is
determined in the embodiment explained above, the corner whose position is determined after
the corner A is not limited to the corner B, and can be the corner C or D.

Moreover, although the landing detectors 23B, 23C, and 23D, and the horizontal
position displacement detectors 20B, 20C, and 20D, respectively, are provided for all of the other
corners B, C, and D in the embodiment described above, the above-mentioned landing control
process can be appropriately carried out if the detectors are provided on only one of the corners
B. C, and D, other than the corner A.

According to the crane and the method for controlling the crane in the above
embodiment of the present invention, the following effects can be obtained since the control is
performed by considering only the horizontal position displacement between the corner A of
hoisted container Ca and the corner A of the target container Cb, which is a predetermined
position for the landing place, and the whole container Ca lands on the target container Cb by
performing the positioning control on the corner B after the corner A has landed.

(1) the hoisted container Ca may be stowed on a landing place or landed on the target
container Cb by securely carrying out a positioning in the horizontal direction
without using any additional equipment, such as a special mechanical guide, even
when the hoisted container Ca is moved in the moving direction of the transverse
trolley 13 and is rotated.

(2) the hoisted container Ca may be stowed on a landing place or landed on the target
container Cb within a short period of time without the need for attachment of a

special device for the crane 10 and without the need for waiting for the movement of
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) direction of the transverse trolley 13 and is rotated.

(3) the hoisted container Ca may be stowed on a landing place or landed on the target
container Cb in a stable manner without being affected by errors in positional
estimation due to disturbances, such as wind and offset load of the hoisted cargo, in
a landing control method of a positional estimation of the hoisted container

The above effects are extremely effective in realizing a stable and efficient automated
stowage system for the crane 10 at low cost.

Having thus described several exemplary embodiments of the invention, it will be
apparent that various alterations, modifications, and improvements will readily occur to those
skilled in the art.  Such alterations, modifications, and improvements, though not expressly
described above, are nonetheless intended and implied to be within the spirit and scope of the
invention. Accordingly, the invention is limited and defined only by the following claims and

equivalents thereto.
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a horizontal position displacement detection unit which detects a horizontal positional
displacement between at least two corners, including a first corner and a second corner, of the
cargo and a position relating to the landing place of each of the first corner and the second
corner; and
a horizontal position displacement correction unit which corrects a horizontal positional
displacement between the at least two corners, the first corner and the second corner, of the cargo
and the position relating to the landing place of each of the first corner and the second corner
when the first corner and the second corner, respectively, land based on a detection signal from
said horizontal position displacement detection unit, wherein
said horizontal position displacement correction unit corrects the position of the first
corner of the cargo, in a state where the first corner of the cargo supported by the hanging
member is lowered relative to the other corners of the cargo by inclining the hanging member, so
that the first corner of the cargo lands at the position relating to the landing place of the first
corner, and then said horizontal position displacement correction unit corrects the position of the
second corner so that the second corner lands at the position relating to the landing place of the

second corner.

2. A crane provided with a trolley which is supported in a horizontally movable manner, a
hanging member which is hung from the trolley via a rope member and supports a cargo, and a
hoisting device which raises and lowers the hanging member by winding and unwinding the rope
member, said crane being used to land the cargo supported by the hanging member at a
predetermined landing place, comprising:

a horizontal position displacement detection unit which detects a horizontal positional
displacement between at least two corners, including a first corner and a second corner, of the
cargo and a position relating to the landing place of each of the first corner and the second
corner; and

a horizontal position displacement correction unit which corrects a horizontal positional



T$10M& ()-y! $109%& ()-y $109%& ()-y! dMB10%x& ()-u_cdefi}oaSa!lf 10%& ()- 10
10 10! " ($10%& ()--($10% & ()--!" $10%t& ()-y

31099 & () -yi6#-1"M?aS4! fy' $10% & () -y' $109&R' () -! nyg#10%&' ()-' yg#l09%&' ()-'!'iy
g#10%&' ()-'yg#l0%& ()-'}"<aS4! ! dyys$10%& ()-3yys$10%&' ()-3!dyys$10%&' () - 3yy
s$10%&' ()-3yys$P10%&' ()-3!dy' $10%&' () - CORHI r S4! $109%v& () -"' 10%v& ()- 10 10
10! dyys$10%&' () - 3! dyys$10%&' () - 3yys$109%& ()-3r[z[9r S4!! " Y+MP1OY& (t)
Y+Mb10%8splgcement between the at least two comers, the first comer and the second corner, of the cargo

QA $10%&' (), T $109 é g 100 \ () -TVE sl
0%iu&: ()& ghtl? @%A\/&s %,,g % c%ég 2 e rst ch{er anél tl?é&%c d'géoger
10M5$10%Men(the firsRamOrirnd thy 6dcbAdXdhef, ke %&&m W&1dnll-baseatohlDdeusetion)signay 30 Y&
()-1dy&$10%& () -y &$10%&'5) Uuv7! 3 @ 109 310%v&' ()- 109K () -
, 109%Av&' (Spid horizontal position displacement detectlon umt whereln
said horizontal position displacement correction unit corrects the position of the first
corner of the cargo, in a state where a side including the first corner of the cargo supported by the
hanging member is lowered relative to other sides of the cargo by inclining the hanging member,
so that the side including the first corner of the cargo lands at the position relating to the landing
place of the first corner, and then said horizontal position displacement correction unit corrects

the position of another side including the second corner of the cargo so that the second comer

lands at the position relating to the landing place of the second comer.

3. A method for controlling a crane provided with a trolley which is supported in a
horizontally movable manner, a hanging member which is hung from the trolley via a rope
member and supports a cargo, and a hoisting device which raises and lowers the hanging
member by winding and unwinding the rope mempber, the crane being used to land the cargo
supported by the hanging member at a predetermined landing place, comprising the steps of:

a lowering step in which one of the corners, including a first corner, of the cargo
supported by the hanging member is lowered relative to the other corners of the cargo by
inclining the hanging member;

a first positioning step in which the horizontal position of the first corner is determined
with respect to a position relating to the landing place of the first corner;

a first landing step in which the first corner is made to contact the landing place by
lowering the cargo using the hoisting device in a state where the first corner is positioned at the
position relating to the landing place of the first corner;

a second positioning step in which the horizontal position of at least one corner other
than the first corner, including a second corner, of the cargo is determined with respect to a
position relating to the landing place of the second corner after the first landing step; and

a second landing step in which corners other than the first corner including the second
corner are made to contact the landing place by lowering the cargo using the hoisting device in a
state where the second corner is positioned with respect to the position relating to the landing
place of the second corner so that the entire bottom surface of the cargo lands on the landing

place.
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horizontally movable manner, a hanging member which is hung from the trolley via a rope
member and supports a cargo, and a hoisting device which raises and lowers the hanging
member by winding and unwinding the rope member, the crane being used to land the cargo
supported by the hanging member at a predetermined landing place, comprising the steps of:

a lowering step in which one of the sides including a first corner of the cargo supported
by the hanging member is lowered relative to the other sides of the cargo by inclining the
hanging member;

a first positioning step in which the horizontal position of the first corner is determined
with respect to a position relating to the landing place of the first corner;

a first landing step in which the side including the first corner is made to contact the
landing place by lowering the cargo using the hoisting device in a state where the first corner is
positioned at the position relating to the landing place of the first corner;

a second positioning step in which the horizontal position of another side, including a
second corner, opposite the side including the first corner, of the cargo is determined with respect
to a position relating to the landing place of the second corner after the first landing step; and

a second landing step in which the side including the second comer of the cargo is made
to contact the landing place by lowering the cargo using the hoisting device in a state where the
second corner is positioned with respect to the position relating to the landing place of the

second corner so that the entire bottom surface of the cargo lands on the landing place.

5. A method for controlling a crane provided with a trolley which is supported in a
horizontally movable manner, a hanging member which is hung from the trolley via rope
members and supports a cargo, and a hoisting device which raises and lowers the hanging
member by winding and unwinding the rope members, the crane being used to land the cargo
supported by the hanging member at a predetermined landing place, comprising the steps of:

an adjusting step in which the length of the rope members is adjusted so that a first
corner of the cargo supported by the hanging member is lowered relative to corners other than
the first corner of the cargo when the cargo is hoisted by using the hoisting device;

a hoisting step in which the corners of the cargo other than the first corner are separated
from a place where the cargo has been placed by winding the hanging member using the hoisting
device;

a positioning step in which the horizontal position of at least one of the other corners,

including a second corner, of the cargo is determined with respect to a position relating to the
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an adj ustmg step in which the length of the rope members is adjusted so that one of the
sides including a first corner of the cargo supported by the hanging member is lowered relative to
other sides of the cargo when the cargo is hoisted by using the hoisting device;

a hoisting step in which another side of the cargo, including a second corner, which
opposes the side including the first corner is separated from a place where the cargo has been
placed by winding the hanging member using the hoisting device;

a positioning step in which the horizontal position of the second corner of the side of the
cargo separated from the place where the cargo has been placed is determined with respect to a
position relating to the landing place of the second corner after the hoisting step; and

a landing step in which the side including the second corner of the cargo is made to
contact the landing place by lowering the cargo using the hoisting device in a state where the
second corner is positioned with respect to the position relating to the landing place of the

second corner so that the entire bottom surface of the cargo lands on the landing place.

7. A method for controlling a crane according to claim 5, further comprising the steps of:
a positional displacement step in which a rope member supporting point on the trolley
and a rope member supporting point on the hanging member are horizontally shifted prior to the
hoisting step; and
a hoisting stop step in which the hoisting of the hanging member is stopped when the
movement of the cargo due to a horizontal positional shift of the rope supporting points is

detected in the hoisting step.
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8. A method for controlling a crane according to claim 6, further comprising the steps of:
a positional displacement step in which a rope member supporting point on the trolley
and a rope member supporting point on the hanging member are horizontally shifted prior to the
hoisting step; and
a hoisting stop step in which the hoisting of the hanging member is stopped when the
movement of the cargo due to a horizontal positional shift of the rope supporting points is

detected in the hoisting step.

9. A method for controlling a crane according to claim 3, wherein the landing place is an

upper surface of a container and the cargo is landed and stowed on the container.

10. A method for controlling a crane according to claim 4, wherein the landing place is an

upper surface of a container and the cargo is landed and stowed on the container.

11. A method for controlling a crane according to claim 5, wherein the landing place is an

upper surface of a container and the cargo is landed and stowed on the container.

12. A method for controlling a crane according to claim 6, wherein the landing place is an

upper surface of a container and the cargo is landed and stowed on the container.

13, A method for controlling a crane according to claim 7, wherein the landing place is an

upper surface of a container and the cargo is landed and stowed on the container.



