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OF A LOAD BY A CRANE . FIELD OF THE | NVENTI ON 5 The pr esent (i \FERt 200D

rel ates to a nethod of and an apparatus for controlling stacking, of a

| oad by a crane. More particularly, this invention relates to the nethod
of and the apparatus for controlling stacking of a load.by a crane which
is positioned a tool of the crane at a target 10 position, is allowed to

| and, or in which MBEHORelOF AND ARPPARATUES FP&s CONTRQLLRING h8 TAGKIVG
position and stacked. BACKGROUND OF THE | NVENTION A typical exanple of the
above. -menti oned apparatus 15 i OB ErBRORD( BYeA £RANE ai ner. transfer .
crane. Hereafter "transfer crane") which stiacks contai ners one above the
other. This transfer crane positions a tool or a load (i.e. the

container) held by the tool at a. desired target position, and then nakes

t he tool or tthE@@jdg)jggmkwvgN@m@g stacks 20 the tool or the load. The
crane has a tro© ransver se ey) which noves in the horizonta

direction a ong a C@H@e r@EeatC&%%rp@PaM&aﬁég £80k M@tﬁbdsaﬁpgﬁasaﬁhe'

| oad is hung down fromthe transverse trolley using a rope.

ascends and despeads IeHdNe. L0081 £:REPLe WD ST EY Sk Jpearepsné?

reel ed or unree ree
More particularly, this invention relates to the method of

and the apparatus . for controlling staCking of a load by a
crane which is positioned a tool of the crane at a target
10 position, is allowed to land, or in which load held by the

tool is positioned at the target position and stacked.

BACKGROUND OF THE INVENTION

A typlcal example of the above—mentloned apparatus

15 is a crane (i.e. a container. transfer crane. Hereafter
"transfercrane“)whichstackscohtainérsoneabovetheother.
This transfer crane positions a tqol or a load (i.e. the
containef) held by the tool at a_desired target position,

and thenanakes the tool or the load to land and thus staaks

20 the tool or the load. The crane has a trolley (transvérse
trolley) whica moves in the horizontal direction along a
camber of a crane bodywork. The tool which supports the
load is hung down from the transverse trolley usirig a rope.

The tool ascends and déscends when the rope is reeled or

25 unreeled. The rope is reeled or unreeled using a reeling



apparatus nounted on an appropriate position in the trolley or the crane
itself. When the tool or the load is to positioned on the target position
and the tool or the load-is |anded or stacked, it' 5 is necessary to
control such that horizontal deviation is not caused between the target
position and the tool or the load at the tine of-stacking or landing. As a
technique which controls this kind of landing, there is one shown in
Japanese Pat enapppmlaitest monnktaiddenEan ap.r opikE8eDsitlion Lm the 4 xoldl ey
control apparatus shown in Japanese Patent Application Laid-open No.

10- 120362, anoumt the swar@k ifséhe-load in the horizontal direction is
nmeasured by a detector. Then, future horizontal position of the load is

estimated and cal cul ghed thasedcalo ASHEPbAAN J BBlp W ¢ Z8REAlon BhBDd 5k Of
the load is in the formof a sine wave of a sinple pendulum The future

horizontal pospbiseri@h e tARILLSL 8§t£H§'_tP8'aa'$i£‘91a°ﬂ\4i€&iﬂ!é %tgfégﬁfcﬁ’f ife

| oad cal culated by tinme variation in singing anount. t ulat ed".
descendi hg spetd SrebRgrdoro SoRERPToplisl thit bR i afhoh Y,
arger posi t | oRCETRRUPaRaRERER: FBE Eppur buRet HELER BBE FRoIEptheSt the -
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which controls this kind of landiﬁg, there is one shown in

Japanese Patent Application Laid-open No. 10—120362.
10 |  .In the landing control apparétﬁs shown'in Japanese
Patent Application Laid-open No. 10-120362, amount of swing
of the~load in the horizontal direction is méasured'by a
detector. Then, future hofizontal posifion of the load is
estimatedandCalculatedbasedqnasSumptionthathorizontal
15 motion of the load is in the form of a sine waﬁe:of a simple
 pendulum. The fufure horizontal position of the load is
estimated using'swinging spéed of the load calculated by
time variat_ion in singing amount. ‘If the calculated future
position of the tool csincides with the target'position,
20 thendesceﬁdingspeedofthetooliscontrolledinaccordance
with estimating timing, and confrol is carried out such that

the load precisely reach the target position.

The landing control apparatus described in Japanese
Patent Application Laid-open No. 10-120362 uses a simple

25 pendulum having a fixed hanging point, as a model which
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estimtes a f
described in

uture horizontal position of the. load. In |anding control
Japanese. Patent Application Laid-open No. 10-120362, the

trolley is on a constant position while landing is controlled, and the

control is 5
hori zont al di

I's judged that a rope hangi ng point

unconcerned for -position control of the load in the

rection. There is no problemw th the' technol ogy described in
Japanese Patent Application Laid-open No. 10-120362 using a sinple
pendul um nodelesthinatés bodptafrea Heoxiaoetad pOssuififarci eft ther ilgiadl.andni t

However, when ldredifidocehtyodf deberdbane imwdaparness PaveatdApplepation
supporting point on the trolley can not be regarded as a fixing point

i f the sinple pengdubpenmudel ig-usedeby afe oxirealea 15 @aliHncohsthat
system of |oad and rope, then a large error, is generated in a value of an

estimated fut
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real and future positions of the |load. If the crane is a gantry crane

having tatl

the position
of leg struct
ropes which s

0 gener at ed defornmati
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on the trolley is substantially fixed.

and

n

on

r§%§%0§%éf|§§a?%§%e and it can not be ignored. In sonme of

C':'glu'xiliary rope disposed is in an

i nclining manner is _added.to _give 25.a.f%r%ﬁeigegn%ogoriz%ntal iQF%%

to the | oad,
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20

.25

ogy describe

t her ep\f iee is nd problem wit
Japanese Pétent Application-Laid—opensNo. 10-120362 uging
a simple pendulum model when the.body of the crane is
sufficientlyrigid and it is judged that a rope hanging point
on the trolley is substantially fixed. However, when the
rigidity of the crane bodywork is low and a rope supporting

point on the trolley can not be regarded as a fixing point

and if the simple pendulum model is used to approximate a

motion of the system of load and rope, then a large error

is generated in a value of an estimated future load position .
This causes an inadmissible deviation in real and future
positions of the load. I'f the crane is a gantry crane having
tall legs or a tire—runﬁing type crane, then the variation
inthepositionof thetrolley ("trolleyposition”) generated
by deformation of leg structure or Eiré is large, and it
can not be ignored.

In some of rdpes which support the load, an auxiliary
rope disposed is in an inclining manner is added to give

a force in the horizontal direction to the load, thereby

3
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obtaining swng preventing effect. If a sinple pendulum nodel is used, a
| arge error may be generated in estimation of position of the |oad.
Furthernore, in the. technol ogy. described in Japanese 5 Patent
Application Laid-open No. 10-120362, descending timng of the load is
controlled such that the horizontal direction position of the |oad
coincides with time point when permissible range is obtained with respect

to a target laﬁﬂéiﬂ&hgw&&gn? prekeay ipesidif¥tt | . €f A JORELE ubehaal i
position which supports the load is fixed. .However, when a |arge

deviation in hydeontalsdir,estl PPg&d St Sr RAIWBRNgehB altled L 8Ye POSMAEPBRAN
a position on the ground where the load isto be stacked, it is necessary

to correct the $asidiONonofst RRet HYJ£LY al so. However, even if the trolley
position 15 is cgiéec?e%? neM/ﬁorlzonfal notion of the tool is generated,
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time required for cont I'S i'nCrease

. 20 SUMYARY HE. LNVENTI ON 11 i ' { ] ti

o provi ded o BRSO BPOAA i oBpp i uSeRl Wt 1 07 P R e ahTTGob ol
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the trolley position of the 4 rope is varied due to deformation or sw ng,
and even if adirection position of the load coincides with time point

when permissible range is obtained with respect to a target
position while a.trolley positidn, i.e., a rope fulcrum
10 position which supports the load is fixed. .However, when
a large deviation in horizontal direction exists between
the trolley position and a poéitiOn on the ground where the
loadis tobe stacked, it is necessary to correct the position
of the trolley aiso. ﬁowever, even if the trolley position
15 is corrected, hew horizontal motion of the tool is generated,
.w.hich affects estimation of future position of the tool and
as a result,  time required for controlling the landing

" control is increased in some cases.

20 SUMMARY OF THE INVENTION

It is an object of the pfesent invention to provide
a method of and an apparatus for controlling stacking of
a load-by a crane cépable of allowing a load to land with
high,precision'and capable of shortening time required for

25 the landing operation even if the trolley position of the
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rope system can not be regarded as being sinple pendulum Mreover, this

i nvention provides a nethod of and an apparatus for controlling stacking
of. a load by a crane 5 capabl e of enhancing | oading efficiency by reducing
| abor of a crane operator. The nmethod of controlling stacking of a | oad by
a crane according to one aspect.of the present invention is applied to a
crane having a trolley which noves in a horizontal 10 direction, a tool

whi ch i s hung dope tisi igracdofeef tondedictmdtriodh eyr aswiimdrj cantioédensatda

| oad, and a rope reeling unit which .reels or unreels said rope and '

thereby ascendgope s¢gseandsnsaocdt beadegadasideks bedirny Istahiy Fendulanl to
a desired position. This nethod conprises estimting 15 peri odi cal

di spl acenent ofjo$ab&elr00! thilsa pFdAONbAl PFLdOH. a eabLABH NGF @ asldeesn
with which said tool descends in suech a nanner that said tool or said | oad

| ands on the dSE-PE?:Qtu%OSE-be WonbLbe13RATIINE, Ob el B 185 B &l crape

periodi cal dispfacenment becones naxi nu ollirng reeli'ng or 20

aia ool o sarhaPaRooReRBalc il 1B aftie! ANy RIS f s

controlling staikin of a | oad Q¥ a crane ' according to anot her aspect of
the present in@&nfi &F3E CREIANPTed to a crane having a trolley which

noves in a horizontal 5 direction, a toqgl which is hung down using a rope
fromsaid : The method of controlling stacking of a 1oad by a’crane

according to one aspect.of the present invention is applied
to a.crane having a trolley which moves ‘in a horizontal
16 direction, a tool which is.hung down usiﬁg a rope from said
trollef and which holds said load, and a rope reeling unit
which reels or unreels said rope and thereby ascends or
descends said load and stacks said load or said tool to a
desired position. This method comprises estimating
15 periodicaldisplacementofsaidtoolinahorizontalposition,
estimating a speed with which said tool descends in such
a manner thaﬁ said tool or said load lands on the desired
position while an amplitude of the estimated periodical
displacement becomés maximum, and controliing reeling or
20 unreeling of said rope by said rope reeling unit in such 
amannerthatsaidtoolorsaidloaddescendsattheestimated
speed.
The method of cdntrolling stacking of a load by a crane
according to another aspect of the present invention is

25 appliedtoacranehavingatrolleywhichmovesinahorizontal



trolley and which holds said |load, and a rope reeling unit which reels or
unreels said rope and thereby-ascends or descends said | oad and stacks
said load or said tool to a 5 desired position. This method conpri ses
estimating periodical displacenment ofsaid tool in a horizontal position,
positioning and stopping said trolley-at a trolley stop position which is
deviated froma stacking target position by a distance corresponding to a

maxi mum anpl i t gdeeefkihe A0tHeLiwhien!idimplpcemnusiaegdaestpaattog waispeed
with which said tool descends in such a manner that said tool or said

load | ands on theidesi kRH WRSEhi RB1WAI sgianiaaw) i dndea afopd e €51 hgaired:
peri odi cal displacenént becones maximum controlling reeling or unreeling

of said rope b §.d r j ugizt 4 : h {4kt
or said | oad gzggn g&?%;t e %@%%ﬁg?ega%gé&ﬁ&“%ﬁgﬁ%ggggg%ﬁg ?%d%%d% al

or
control1ng, ot SELARA" 3,030 arhy SIS MR B s L g s ISE o
from sai d tF ol FE5ARS wRPEH HoThs sl B fodlo CaRd aoPRHeL PRl ek dibsingen
G acks sai d | oBATSPILER THo0FaFEMERARS FBUGIoR Y FBA LT CORpALPRT LOR
conprises an 25 estimating/calculating unit which estinmates or _cal cul ates
6 periodi cal dPeBR&diORdMI FndaFEOPBANT| §2dhFiYokrvlI2podi tretley stop
position which is deviated from a stacking target position
by a distance corresponding to a maximum ampl_itude of the
10 petiodical displacement, 'anc_l estimating é speed with which
said tool descends in such a manner that éaid tool or said
load lands on the desired po;ition while an amplitude of
the estiméted periodical displacement becomes maximum,
controlling reeling or unreeling of said rope by said rope
15 reeling unit in such a mannef that said tool or said load
descends at the estimated speed.
Tﬁe apparatus for controlling staéking of a lbad by
a crane according to still another aspect of the present
invéntion controls a crane having a trolley which moves in
20 a horizontal direction, a tool which is hung down using a
rope from Said t.rolley and which_ holds said load, and a rope
reeling unit which reels or unreels said rope and thereby
ascends or descends said load and stacks said load or said

tool to a desired position. This apparatus comprises an

25 estimating/calculating unit which estimates or calculates



a speed estimating unit which estimates a speed wth which said tool
descends.in such a manner that said tool or said |oad | ands on the desired
position while an anplitude of 5 the estimated peri odi cal displacenent
beconmes maxi mum and a rope reeling control unit which controls reeling or
unreeling of said rope by said rope reeling unit in such a manner that
said tool or said | oad descends at the speed estimted by said speed
estimati ng uniperiodibelalipgyla cemént ofosd i dltloiodgi sadcekt impmwtad ploedd ilmn, a“
crane according to still another aspect of the present invention controls
a crane havi nga asgeed lesyt b €hngovest iwhich oyt izont @6 &lispsdd et whdddh

whi ch is hung down using a rope fromsaid trolley and which holds said

load, and a ropgidSté6E!dd@cends Wi Slch &8htie MVIRRt S 584 ¢t JOPQ ARG d
thereby ascends or descends said | oad and stacks said load or said tool

to a desired ppéaalpand‘srhbﬁ 8RBAERLYT o0 2Nyn £5L1 Rt 59‘?/lsa.“§’lét e ng

uni t mhlch estlnates or cal culates peri |ca dlsplacenen in
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said trol top p05|t|on ron1 Ry i ng
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with which said too].25 d sceng i n s nner that_said tool or said
S

load |ands 7 HHFEReiREsPEedap FPH?n |Slaé' FORMI FEeLRNEf UPAE d&t Shsted

a manner that said tool or said load descends at the speed
estimated by said speed estimating unit.

10 The apparatus for controlling 'stacking of a load by
a crane according to still énother aspéct of the present
invention controls a erane having a trolley which moves in
a ‘horizontal direction, a tool which is hung down using a
rope from said trolley and which holds said load, and a rope

15 reeling unit which reels or unreels said rope and-thereby
ascends or descendé said load and stacks said load or said
tool to a desired posit.ion. This apparatus cémprises an
estimating/calculating'unit which estimates or calculates
periodical displacement of saidtoolinahorizontal position,

20 a trolley stopping unit which positions and stops said
trolley at a trolley sto.p position which is deviated from
a stacking target position by a distance corresponding to
a maximﬁm ampiitude of the periodical displacement, a speed
estimating unit which estimates a speed with which said tool

25 descends in such a manner that said tool or said load lands



peri odi cal displacenent becones maxi rum and a rope reeling control unit
whi ch controls reeling. or unreeling of said rope by said rope. reeling
unit in such a manner that said 5 tool or said | oad descends at the speed
estimated by said speed estimating unit. O her objects and features of
this invention will become apparent fromthe follow ng description with
reference to the acconpanyi ng drawi ngs. 10 BRI EF DESCRI PTI ON OF THE

DRAW NGS Fi g. &ni shamdesdit adaias it vorwiof]l «leneanpdn tofde odfi tlee dtcenated
hori zontal position at the tine of |anding concerning a stacking control
apparatus of tperiRwEmid108ishd adethert became sepkamagryndisenopt reeling
cal cul ation of |oad position target concerning the stacking control
apparatus of thetdyertdian. whid® contfodh e¥plangt @y Wi ing oaf said
descendi ng speed anhd descending timng control concerning the stacking 20
control appar %Bie%lyt hg 1liny¥eRtd Melfifly vhit #h RRISPES M &F W XRI $4i g
shows the entire” structure of a container crane to which the stacking
control ' appargbuy gf LOSq KGN BB JhAPHY the Bifbed dst fhblogkogi sbram
of a tool position control system of the stacking control apparfatus of

t he |nventlon,sp%e@g%séaﬁgkfhglggth|agran1of a | oad unreelyng speed

Other objects and features of this invention will
become apparent from the following description with

reference to the éccompanying drawings.

10
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is ,én expllanatory view of detection of
‘coincidence of horizontal position at the time of landing
concerning a stacking control apparatﬁs of the inveﬁtion,
15 Fig. 2 is an explanatory view of calculation of load

position target concerning the stacking control apparatus
of the invention,
.Fig. 3isan explanafory view_of ;oad descending speed
"and deécending timing control concerning the stacking
20 “control apparatus of the invention, |
Fig. 4 is a perspective view whiéh shows the entire
structure of a container crane to which the stacking control
apparatus of the ihvention is applied,
Fig. 5 is a block diagram of a tool position control

25 system of the stacking control apparatus of the invention,



control system of the stacking control apparatus of the invention, and.
Fig. 7 is an explanatory view which shows a structure 5 of an estimating
calculator in the stacking control apparatus of the invention. DETAI LED
DESCRI PTI ONS A net hod of and an apparatus for controlling stacking 10 of a
| oad by a crane according to the present invention will be explained with
reference to the acconpanying drawings: in the order of Qutline.of the

| nvention and EnbodiFdent 6 iGutl bAecd dileydawenf isorkodd metbeel bhgasdead
apparatus for controlling stacking 15 of a load by a.crane of the present

invention conpidnt@®id s¥4ebheytWiheh sumssing dohekbaoniphdarxhitest benthand a
tool which is hung dowmn fromthe trolley and which ascends and descends

by reeling or ;ykRlidlg, aak@pe by a reeling apparatus. Wen the tool or
| oad is | anded, perlodlcal di spl acenent 20 of the horizontal position of

gnght?ﬁ;tlahgatlnat?qphde 6?%Hﬁ%§ erf%ﬂ?%gfqﬁ'spﬁ%@gﬂgﬁ%gﬁgkgﬁ%gPﬁgiﬁkéﬁ?
the tool of t gef;i&gga@ﬁ'a%lgpq]wfc&egko %Aegggfdcatocg}ce PG ERRI 2 bBEOEL L s

posi tion. ef or é " descri an enbodi nen esent vent i on,
an-outline of t i nvention, mnll be expl ai ned based on a case in which a

container (i.&"t I%ﬂﬂﬁ Py

. DETAILED DESCRIPTIONS

A method of and an apparatus for controlling stacking'
10 of a load by a crane according to fhe present invention w:_i.ll
be explained with reference to the accompanying drawings
in the order of Outline of the Invention and Embodiment.
Outline of the Invention:
A method .of and an apparatus for controlling stacking
15 of a load by a . crane of the present invention comprises a
trolley which moves in a horizontal direction, and a tool
which is hung down from the trolley énd which ascends and
descendsbyreelingorunreelingaropebyareélingapparatus.
When the tool or load is landed, periodical displacement
20 of the horizontal position of the tool is estimated. The
speed of descending of the tool is controlled such that when
amplitude of the periodical displacement becomes maximum,
the tool or the load held by the tool is landed on a stacking
target position.

25 Before describing an embodiment of the present



by a tool is stacked on a predeterm ned target position in yard using a
transfer -crane. 5 The transfer crane conprises the trolley which noves in
the horizontal direction, and the tool which is hung dowmm fromthe trolley
by, the rope and which ascends and descends by reeling or unreeling of the
rope. The rope is reeled or unreeled using the reeling apparatus nounted
on the 10 trolley. The follow ng explanation. can also be applied to

oper ati on whi cinvands drhe droadutohi ae cofit ahaeinseadtkienh oilla hx esbed P imadd
contai ner, or operation which stacks the hung container on a predeterm ned

position in a gl BE aleasleachi RaiRJhace coesarigy | QN €oneEles Niogds Nge Lol
inthe follow ng explanation is applied irrespective of whether or not

the tool graspgythers9nt £ ¥ afkedon | LR i 18581 QEHCE ¥ 56 SPESIEEBH. in

Simlarly, description concerning the hung container or Toad is also

applied to a C?%%ﬁfﬁéﬂﬂéﬁhZpréﬁgfégokf ?%g not grasp the hung contai ner
0 red. I'n

or |l oad unl ess erw se speci e stacking control nethod of

(ateral ' ohing) or 2he RhAGSES SPhaR ERBRRISReRP Lk PP SENREE T e

(lateral sw ( rner, “horizontal "posSTtion placement
speed (Laceral S0 2Reetla 41 || SYCPOSA I8 pdOr L3 ARHLAG 2RSS 000
moment to none%&bnlthe trolley'byﬁthé rope and which ascends and descends
by reeling or unreeling of the ropé. The rope is reeled
or unreeled using the reeling apparatus mounted on the
10 trolley.
The following explanation can also be applied to
operation which lands the tool on a container stacked on
a predetermined container, of operation which stacks the
hung container on:a predetermined position in a container
15 stacking place. Descripfion concerning the tool in fhe
following explanatioﬁ is applied irrespective of whether
or not the tool grésps the container or the load unless
otherwise specified. Similarly, description concerning
the hung container or load is also applied to a case. in which
20 the tool does not grasp the hung container or load unless
otherwise specified.
Inthestackingcontrolmethoddfcraneoftheinvention,
the current horizontal position displécemeht (Lateral
swing) of the hung container, horizontal position

25 displacement speed (lateral swing speed), trolleyposition,

10



Wth respect to the neasurenent val ues, dynam c behavior of elenents
related to horizontal position displacenent of 5 hung container such as a
structure (including running tire) of the crane, behavior of trolley
driving machi ne apparatus, behavior of the rope (including

SW ng-preventing auxiliary rope) are nodeled as a sinulation nodel, and
future horizontal position of the hung container is estimted and 10
cal cul at ed by ittt mowihgt ispeedehunBy et taineon handyicia) cilkat | speedr pifed
by the neasurenent val ues such as horizontal direction position

di spl acement efeddendinp @ ihai Dekeddtle hyd AONE@If rbin @@inedlt tRORbIEAR .
di spl acenent speed, tine required fromthe current 15 tinme until the

horizontal di REGHH GLdiRadf 18 €hePhagsiRBhen? vil®idH NG BoAh 2t NBEREORGRES
preset anplitude is calculated. A deviation in horizontal position between

the ‘hung cont 3i<gh o @R stgglé‘&@de% ﬁ@Pié‘ng:é\fli ;F‘ct)é?ﬂﬁi%ha&:fkpgafc%&%tt of

anplitude is estimted a cal cul ated, an I's equa 0 or greater 20
th Cssi . I & oo

nor | zont al S podiihGHERLIRE RURY £ LREEhitees (TEI QAT ghiing R re)
troll ey, ' d | er.ati t he l.i k | cul at ed

AR DR ot o L R Sl F R T

t he crane, behayior, -25 of trolley drivi machi ne appar atus, behayior of
the rope 11 PERAYGEHE SSTRREIROVGRIHRATRE S 1Y REPEFALHRE 2BPatEenY has

an estimating/calculating unit which . i
rope) are modeled as a simulation model, and future

horizontal position of thé hung container is estimated and
10 calculated by the simulation model.

By estimation and calculation carried by the
measurement values such as horizontal direction position
displacement of the hung container and horizontal direction

_positiondisplacementspeed}fimerequiredfromlﬂnacurrent

15 time until the horizontal direction position displacement
of the hungcontainer reachespresetamplitudeiscalculated.
Adeviationinhorizontalpositionbetweenthehungéohtainer

and the subject container in the stacking target amplitude

is estimated and caléulated, and if it is equal to or greater

20 than pefm’issible value, the tr.olley position is moved such
that the horizontal positionvariationis reduced. Amoving
direction of the trolley, a'moving speed, acceleration and

the like are calculated by a model of dynamic behavior such
asstructure(includingruqningtire)offhécmane,behavior

25 of trolley driving machine apparatus, behavior of the rope
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measures a deviation in position of the hung container in a height
direction of the subject container and hung 5 contai ner speed of
descendi ng, and which estinmates tine required for the hung container to

| and on the subject container based on the neasurenent val ues. The speed
of descending of the hung container and timng which vary the speed of
descending are controlled such that tine required 10 to |land on the

st acki ng t ar getiraripidingleswingrprevantisty awxbhkiany espeiated tinme
required for the hung container to |and on the subject container coincide
wi th each other. A mesdppataessiled anesaithatalmg) @dlonlatingeuniowhieht al
position of the hung container is periodic 15 horizontal notion, but a

probl em whet hefedderd¥ing SOt 8t N6h 16 PosDvednt 6f| 8RE Ringheoskbjigelr in
container in what kind of anplitude state of the periodical horizontal

position disp| ageieRt igiretated tQrr ehat i ygopostt icuhedevhati Ahd PhagSI on
bet ween the hung contai ner and the subject 20 container at the tinme of

Landing. Uualdone dilfe) 200L0E ©F SULAIRY, SURR WATc QUL ZORL B PRSI Ons

of the hung container an subj ect contai ner coincide with each other
e e o g 058k i RS BRI BT ROl 5 2o hageRT
et BB T R SRR A RS
descending of the huhg container and timing which vary the
speed of descending are controlled such that time required
10 to land on the stacking target amplitude from the current
time and estimated time required for the hung container to
land on the subject container coincide with each other.
A result of estimation and calculation of the
horizontal position of the hung container is peribdic
15 horizontal motion, but a problem whethe-r the hung container
is allowed to land on the subject container in what kind
of amplitude state of the periodical horizontal position
displacement is related to relative position deviation
precision between the hung container and the subject
20 container at the time of landing. Usually, the landing is
controlled such that horizontal positioﬁé of the hung
container and the subject container coincide with each other
when the amplitude is 0 or the amplitude is maximum.
Fig. 1 is a diagram which explains a case in which

25 coincidence of horizontal position is detected with
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t he horizontal positions of both the containers into coincidence with each
other. A curve 51 shows vibrational 5 variation in anplitude of anplitude
of horizontal notion of the hung container. A reference nunber 52 shows
the current tine, a reference nunber 53 corresponds to tinme when the
anplitude of the horizontal notion becones maxi rum and a reference nunber
54 corresponds to tine when the anplitude 10 becones mninum A reference
synbol S51 shewmpliitndd mand rexinureranelheude wvheni hheahungheanthéner
anplitude becones mninum and a reference synbol S52 shows tinme fromthe
current tine tiec ahéowetstanl ankdeont tire aspdj¢ctiectmtamper whxleubrid§iAg
reference synbol S53 shows a deviation between the subject container
position and the hhbgicentailnepopasiionen ovhasvthe they | zontalin®id ofinto
anplitude of the hung container is O, and a reference synbol S54 shows a

devi ation bet wamcildenSdihjo <A ditheir PON ELeReand $RhewBURDbeabiahaer 20
position corresponding to a case in which the anplitude is maxi nrum That

is, Fig. lssheus ithalopheD %l@iiw&@ Wi aRp19e4RE S £ HJK A9REL1 Ohot 1on

hori zontal position is set to O, |t I's necessary to adjust a. rope support
point positions Gy{d W@deﬂtE\‘l %h%é'%‘&‘eﬁés ﬁm'b'etﬂ%ez '§n8§£ tcﬁe
maxi mrum 25 it 1S necess f5%adust the Tope support ositron

cor respondi ngctu?:rSeSAt tlgl%,o te e'roennc(:) nu%e”PBBOé'o?reé‘BgndQ & 1?nrea3¢HS for
the amplit.ude of the horizontal motion becomes maximum, and
a reference number 54 corresponds to time when the amplitude

10 becomes minimum. A reference symbol S51 show&s time from
the current time to the instant when the amplitude becomes
minimum, and a refefence symbol S52 shows time from the
current time to the instant when the amplitude becomes
maximum.

15 A reference symbol S53 shows a deviation bétween the
subject container position and the hung container position
when the horizontal motion amplitude of the hung container
is 0, and a reference symbol S54 shows a deviation between
the subject container position and the hung container

20 position corresponding to a case in which the amplitude is
maximum. That is, Fig. 1 shows that when amplitude which
detects coincidence of horizontal position is set to 0, it
is necessary to adjust a rope support point position
corresponding toS53, andwhen the amplitudeis set tomaximum,

25 it is necessary to adjust the rope support point position

13



controlling stacking by the crane is explained with reference to Fig. 2
and Fig. 3.. The nethod of and the apparatus for 5 controlling stacking by
the crane of the present invention conprise the follow ng four kinds of

cal culation and control elenents, 1) estimation and cal cul ati on of

hori zontal direction position of the hung container by neans of current
nmeasure 10 data and dynam c¢ nodel of crane.behavior, 2) trolley position
control whi ch dormegspondzogt &b Sdidr.ecti on position deviation of the hung
container and the subject container in the stacking target anplitude into
a perm ssibl e val ugheloprasionaii eheand ttald vifatndntat hppdiragulsi @ xf rom
hei ght position of the current hung contai ner and speed of descendi ng,

and 4) controlcf{t feprengisha diiidBy #h¢ Perd 1@fethea hHBg wikdaEBeEnwAI Ch
all ow the hung container to |l and on the 20 subject container when hung

contai ner reaghesilfie oShagkirdg .t 8r9efnampbthBdeokr 9AY! Phe! Qﬁééﬂht‘&?et@ﬁghe

hung container horizontal position is estimted. The estimation o

hung cont ag “erczcg{)éf'n& stpé)é%i%?’bai e”crfa{]%r%'n%”g?ft tﬁg %gs%&i RELA0; 8k

| andi ng tine e elenen ways carrie usi ng neasurenent

14 data. The %Oor%ﬂlpilsgq:h%afglfgwirqs Féfﬁ'ﬂﬁszgf%@S.c@li?igggnidagontrol

elements,

1) estimation and calculation of horizontal direction

position of the hung container by means of current measure
10 data and dynamic model of crane behavior,

2) trolley position control which bring horizontal
direction.position.dgviation of the hung container and the
subject container in the §tackiﬁg_target amplitude into a
permissible wvalue, |

15 3) estimation and caléulation of landing time from height
position of the current huﬁg container and speed of
descending, and

4) qontrol of descending timing and speed of the hung
container which allow the hqng:coﬁtainer to land on the

20 subject container when“hung'container reaches the stacking
target amplitude from the instant when the hung container
horizontal position.is estimated.

The estimation of the hung container horizontal
position in the element 1) and estimation of landing time

25 in the element 3) are always carried out using measurement

14



out at appropriate tine while the hung container is being |owered toward
the subject container. The control of 4) 5 is carried out after the
cantrol of 2). Fig. 2 explains the operation of the elenent 2) . Fig. 2
shows the operation of positional control of the trolley based on a case
in which the stacking target anplitude is maximum In Fig. 2, a reference
synbol S61 is a maxi num 10 val ue of anplitude of the periodical

di spl acenent ofiathe horizontal direction position of the hung container,
and this is obtained by estimation and cal cul ation of the horizontal

direction position ofhéhedtiwgl egnéaRVE the dIRSRERPS 2 )SyARAl) S8%4 SrPed
hori zontal position deviation 15 between the hung container and the subject

cont ai ner whi chyti §tn@bp¥bprakitenal; T%@.’lé‘t@@ﬁﬁﬂ:{ Y dFR 110 AMDAUITY the
trolley is a leferenc%pbe ween SGinghd S62. If the trol Ief'ls rmveofa y t he

above- descr | begomg%agtomw;phé %\ﬁd‘ﬁ%&“c”&oﬁ@ﬁ&h@lﬂt alp %O%o}]dxﬁ%l of 4)

di spl acenent ) generate ung cont ai ner a new

posi ti onal dev%gt Eggrlﬁgg"&'&e%fé% oﬁg%t Eghlt@é OSf téo)nt r Ocont rol el enent ,

t he dynam ¢ behavior nnve | nodel of the
crane are incorporat stimatjon of t hu ont ai ner ri zont al
posi tion caused 25 b 1%2%;??[%{1% fﬁbet‘?‘b&ﬁ% 1Pg %frgﬁ'& Caf eBMBH :fc“u))ese Eflel s,
15 and the speed settlng of the troIIey driving control is corrected such
that the tr0||§ys hews g QH?%ﬁl%@%ﬁﬁ% oftitional control of the trolley

based on a case in which the stacking target amplitude is

maximum. In Fig. 2, a reference symbol'SGl is a maximum

10 value of amplitude of the periodical displécement of the

horizontal direction position of the hung container, and

this is obtained by estimation and calcuiation of the

horizontal direction position of the huhg container. A

reference symbol S62 is a horizontal position deviation

15 Dbetween the hung container and the subject container which

is not vibrational. Thus, a necessary moving amount of the
trolley is a difference between S61 and S62.

If the trolley is moved by the above-described moving

amount, a new swing (horizontal position displacemént) is

20 generated in the hung container and with this, a new

positional deviation is céused. In the trolley position

control element, the dynamic behavior model and a trolley

movement control model of the crane are incorporated. The

estimation of the hung container horizontal position caused

25 Dby movement of the trolley is simulated by these models,

15



position with respect to estimation of new swing of the hung container. 5
Fig. 3 explains the operation of control in which the descending timng
and the speed of descending of the hung container are controlled,.and the
hung container is allowed to land with respect to the subject container
with permssible horizontal position deviation AD. Fig. 3 shows 10 a case
in which coincidence of horizontal position is detected at the instant
when the hungamaht@icespéaddseatingheoSuthectrobhey meriwind cextemoin is
anplitude. A reference synbol Ts in Fig. 3 shows tine required for the

hung cont ai neicdrrd @sl udie Habjt RC it redlicdt Aer mokieehtolani spesbprhed
fromthe height position neasurenent value of the hung container and speed

of descendi ng AU GBIk 2bYBect tbhes Eitid€Déntd MBew BRiNE AWM hURg
hori zontal position of the hung container does not beconme maxi mum
anplitude by esidifmidon and cal cul ation data of the horizontal position 20
of the hung container after the tinme Ts. Therefore, the speed of

d . d- . t t , - . . . .

R e B,
I me untli un on 1.ner an , | |

this AT, and SPHOR aictne cd o€ oteeie 05 Yalrbdipsg SpblrabiBais

Che per m ssi b IEEhEA® HPPEEAIG P Hoana FoR B Ggnta ner 18 41 180ed™

to land with respect to the subject container with
permissible horiéontal positiondeviation AD. Fig. 3 shows
10 a case in which coincidence of horizontal position is
detected at the instant when the hung container lands on

the subject container with maximum amplitude.
A referencé symbol Ts in Fig. 3 shows time required
for the hung container to land on the subject container which
15 is estimated from the height.pdsition.measurement value of
thehungcontainérandspeedofdescendingmeasurementvalue
at the current time. The variation in horizontal position
of the hung container does ﬁot become maximum amplitude by
estimation and calculation data of the horizontal position
20 of the hung container éfter the time Ts. Therefore, the
speed of descending is set such that the hung container lands
during the permissible landing timing error AA by setting
the time AT which delays time until the hung container lands,

and by delaying the landing time by this AT, and a value

25 which is tobe output to the reeling apparatus is calculated.

16



variation state of vibrational horizontal direction position of the hung
contai ner when the hung container .is 5 stacked on the subject container.
The estimation and cal cul ation of the horizontal position of the hung
container, calculation of reaching tinme to the maxi mum anplitude, and
calculation of required tinme for landing are carried out fromnonment to
nonment by 10 neasurenent val ues of the hung container position, noving
speed of the hung cTheapeenisbabilzobbéabiidigreching exfrohda henge tophanser
and speed of descending as well as dynamic Dbehavior nodel. Dependi ng upon

the result, the deecerdinigsibneé Ngopizbheahund redidmele@gtiba Apegddare
varied, thereby 15 realizing control which stack the hung container on the

subj ect cont ak/agii AdildH n diecderdE sstPbeabobnaant abripesiddOn geveation.
According to this control, it is possible to stack hung container with

hi gh preci si 0B ahidiRd Yd Rhd MR PCHHY indP wm@nd@ﬁ@rmﬁg%ﬁtamerﬂane

bodywor k and |nfluence of the swi'ng-preventing auxiliary Tope and the |ike,

and by pQ§|t|%@ hﬂﬂ? §885§E@eEdﬂ¥¥t subj ect container by
ey posi

control of the t ion, is possible’to shorten tine required

for stacking wit hOU{rpgle' ”%fx{)ff;@%%ﬁt aa{%%’d S%f@hﬂ%uﬁ% s ' edeofn e, Rgglt s

In the stacki ng con ner crane e COl ncli

hori -zont al pos'otsll%lon o%ltrHBe m}ng ctpntalner, calculation of reaching time

to the maximum amplitude, and calculation of required time

for landing are carried out from moment to moment by

10 measurement values of the hung container position, moving

speed of the hung container, horizontal direction of the

hung container and speed of descending as well as dynamic

behavior model. Depending upoh the result, the deseending

timiﬁgofthehungcontaineranditsspeedarevaried,thereby

15 realizing control which stack the hung container on the

subject container within -the 'permissible horizontal
position deviation.

According to this contfol, it is possible to stack

hung container with high precisionwhile taking into account

20 the deformation of the crane bodywork and influence of the

swing-preventing auxiliary rope and the like, and by

positioning the hung container and the sﬁbject container

by control of the trolley position, it is possible to shorten

timerequiredforstackingwithoutbeingaffectedbyswinging

25 period of the rope.
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hung container is |anded on the subject container with respect to the
maxi mum anpl i tude of the horizontal position 5 displacenent of the hung
container is detected, it is possible to further enhance the precision of
the horizontal position of the upper and |l ower containers at the tine of

| andi ng. That is, since the horizontal notion of the hung 10 container is
close to the sine wave, the speed in the horizontal direction is 0 or
close to 0 in the viloi nihey sfackhixgnoonampli oddéhghasmtaorerhcsaneasor,

i nfluence of error generated between tim ng of instant when the anplitude
reaches its nectencoiad ddmien@ fothkanalt hgontal heo diihdohSa t antres mérerc ahsed
by errors such as error of estimation and calculation of horizontal

direction positirf) @énthenBEnd s CAi@eacbn &N s@hjesti i edg with
calculation of unreeling time until |anding, and error of unreeling

control becongs st P WEGHL €00 GR | LEICEL @de RO Eh@%@ki@_@%ﬂaﬂﬁ?és?&i@ﬁt h
20 the containers is detected at maxi num anplitude. That is, if the

i nci d fys ' ity tai ' etect at
coi nci dence Od[llf}gsio ﬁ%ﬁgﬁ%ﬁ t%@gshgbg?ﬁéﬁwfne@%é' §EEE kg ol ¢d

t he maxi num va ori zont position displacénent

Che hung 25 comatere 52 frERer FEhFhel TEF mettanioh R AHEHELL 2B 8L oo

compared with another, anplifude, 1§ 195, POSLE! &5 0. EAELY QU1 G LE38" oge

landing. |
That is, since the horizontal motion of the hung
10 container is close to the sine wave, the speed in the
horizontal direction is O or close to 0 in the vicinity of
maximum amplitude phase. For this reason, influence of
errorgeneratedbetweentiminéofinstantwhentheamplitude
reaches its maximum and timing of landing of the hung
15 container cauééd by errors such as error of estimation and
calculation of horizontal direction position of the hung
container, error of estimation and calculation of unreeling
time until landing, and error Qf unreeling control becomes
maximum when coincidence of horizontal positions of both
20 the containers is detected at ma#imum.amplitude. That is,
if the coincidence of horizontal positions of both the
containers is detected at the maximum value of the amplitude
ofthehorizontalpositiondisplacementofthehungcontainer,
thehorizontal directionpositiondeviationbetween the hung

25 container and the subject container can be reduced as
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conbi nation of estimation and cal cul ati on of horizontal position of the
hung container, calculation of tinme during 5 which the anplitude of

hori zontal position displacenent of the hung container beconmes maxi num
control of the speed of descending in which tinme required for |anding
becomes equal to descending timng of the tool, and control which nove
the trolley position and bring the horizontal positions 10 of the hung
cont ai ner and admpatd] eeitboanaither iaml itugdeenent at the maxi num
anplitude. The case in which the trolley noves horizontally on the canber
of the crane has bean explpossibabows datryt outs af reasseomessodlerta
enploy a crane in which the rope 15 support point of the load is fixed on

the crane bodywwusnatibh hef Ceane maadwwréndoyascullatifirs eRskoritohbal
crane bodymorknnves i nstead of the noving trolley, the sane effect as

that when theFkJ ﬂf¥%1%Eyﬁﬁecﬁﬁngecaﬁtéhﬂ%Q EEQcEﬂ@ﬁﬁﬁBn'o&VEEhboaubﬁﬁgbee”
expl ai ned whi taking 20 the case of appl |cat|on to the container |oading

crane, buts t g i ehd ap$a8yuales8efoDPbREA 1! Podi £838 dDsplbERMdR Aoe

crane whic a position ere t Is stac I'S glven,

A Py S o P SR G
apparat us f%fc%%tsrcoe'rl 1% S13AKL00 PYrbneedi 318 L e d S HEPET becones
edual to descending timing of the tool, and control which
move the trolley position and bring the horizontal positions
10 of the hung container and the subject container into
agreement at the maximum amplitude.

The case in which the trolley moves horizontally on
the camber of the crane has been explained above, but it
is of course possible to embloy a crane in which the rope

15 support point of the load is fixed on the crane bodyw&fk
and the crane bodywork moves. In this case, if the crane
bodyworkmoves instead of themoving trolley, the same effect
as that when the trolley moves can Dbe obtained.

Thepresentinventionhasbeenexplainedwhiletaking

20 the case of application to the container loading crane, but
the invention can also be applied to a case in which in a
crane which loads a load, a position where the loadis stacked
is given, and a positional relation between the load and
an already stacked load can be méasured.

25 Embodiment:
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invention is applied to a transfer crane is explained next. Fig. 4 shows
the entire structure of the transfer crane of 5 the enbodinent. This
transfer crane is. a tire type bridge-like crane which stacks containers,
and. has a gantry, crane running bodywork 10 which. runs on railless’
surface by a tire type running apparatus 11. The crane running bodywork
10 has a horizontal upper canber 12, and the upper 10 canber 12 is provided
with a transverse t 2l eepodidmeimitchn whoiels tilve heéhlodr 0 £Zaridifchdi appairanual ong
t he upper canber 12. A reeling apparatus 14 is nounted on the transverse .
trolley 13, ambm teakroiprierdesrathihegr bonttdienecrasehupg the dpwesyaitng a
rope 15 which reels or unreels by the reeling apparatus 14. The tool 16 .can

hol d a contai nefvdzr W Gy appladded sududdEdr draonlsabRgl aGacthiehe .

engaged or disengaged. Fig. 5 and Fig. 6 show an enbodi ment of a driving
control 20 systemokhbie thangheh ref 8RRt Ad® PRkt LPANSHUY @lrane of

apparatus of the crane of the invention. The transfer crane includes a

aratus of the o nti
20wt oh' U3 andu SOrPORAEAE £ PO [ReBAety Ol ot T e B

Comprising 265 ST THEE A 2319 Srathe SrbERLRSrinedirt & oA

. Bdift & PRBCAY: or
and the IIke'crane running bodywork 10 which runs on railless surface
by-a tire type running apparatus 1l1. The crane running
bodywork 10 has a horizontél upper camber 12, and the upper
10 camber 12 is provided with a transverse trolley 13 which
moves in the horizontal direction along the upper camber
12.
A reeling apparatus 14 is mounted on the transverse
trolley 13, and a tool (spreader) 16 for container is hung
15 down using a rope 15 which reels or unreels by the reeling
apparatus 14. The tool 16 can hold a container Ca which
is a load such that the container Ca can be engaged or
disengaged.
Fig. 5and Fig. 6 showanembodiment of adrivingcontrol
20 system of the transfer crane and the position control
apparatus of the crane of the invention. The transfer crane
includes a trolley position detector 24 comprising a trolley
track transverse motor 20 which transversely drives the

transverse trolley 13, an rotor encoder connected to the

25 motdrandthelike,andareeledheightdetectorZGcomprising

20



The transfer crane is provided with a tool position detecting apparatus 25
whi ch detects horizontal relative 5 position (lateral sw ng) between the
transverse trolley 13 and the tool 16. The tool position detecting
apparatus 25 includes a CCD canmera 25A (see Fig. 4) which shoots a tool

target marker 25B which is a shooting target fixed in the
16 and di sposed on the transverse trolley 10 13. The tool

cont ai ner tool
position

detecti ng appar atedidy§ metect 22} hen dwrdrz emcdder|carninac paditta dhe hateral
swing) of the tool 16 with respect to the transverse trolley 13 by the
shoot data (taowl tres geikerar ker detection inage signal) of the CCD canera
25A. 15 The trolley track transverse notor 20 and the reeling notor 22 are

driven by electric gor! telandffer [dideyi P dvidéd virighagpesalusodicand - a
reeling motor driving apparatus. 23. a trolley speed command signal and a

unreel i ng spee t LATRN i P2t ug' QSSﬁHE.cH a@t%c@saﬂﬁ)%ﬁ@élaﬁeﬁééik%% 30

20 to these dr|V|ng apparatuses 21 and 23, respectively.

The crane control

appar at us 30 rd 1S58 (@_%te@_%fl %‘3} Qfgl)C@eq:We%trp %égg’ﬂh%@e%%té 'EE‘Q)@.%.e?"'qum ¢

calculates th ateral swng e t ool

posi tion cont

32, a landing (e cal subat gr a@oafrpegéieg?g he¥ oL IR Bo A8 LR TS50

unit 34 and an unreellng speéd ernlnlng un

esti mat or/ cal cuI alt Oc{e |C %ut s the

10

15

20

25

camera ‘ﬂl See Fig. 4) which shoots a tool
target marker 25B which is a shooting target fixed in the
container tool 16 and disposed on the transverse trolley
13. The tool position detecting apparatus 25 detects the
horizontal relative position (lateral swing) of the tool
16 with respect to the transverse trolley 13 by the shoot
data (tool target marker detection image signal) of the CCD
camera 25A.

The trolley track transverse motor 20 and the reeling
motor 22 are driven by electric control of a trolley motor
driving apparatus 21 and a reeling motor driving apparatus.
23. a trolley speed command signal and a unreeling speed
command signal are sent from a crane control apparatus 30
to these driving apparatuses 21 and 23, respectively.

The crane control apparatus 30 comprises an
estimator/calculator 31 which estimates and calculates the
lateral swing of the tool 16, a load position control unit
32, a landing time calculator 33, an unfeeling delay time

determining unit 34 and an unreeling speed determining unit

21



position detected by the trolley position detector 24, trolley speed
obtained by differentiating the signal of the 5 trolley position by a
differentiator 36, swi ng displacenment of the tool 16 (or of the hung
container) detected by the tool position detecting apparatus 25, sw nging
speed obtained by differentiating the signal of the swing displacenent by
adifferentiator 37, and trolley speed 10 command out put by the | oad
position contrdd. unit 32. Using the input values as variables, the
estimator/cal culator 31 estimates and cal cul ates a horizontal position
~variation (lateral The ngkstdmdter teowlcibatora 3lat énpuwki chheheteohlaiyner
Ca is hung down by the tool 16. 15 An exanple of structure of the :

estimat or/ cal gdAtofon 3detsc®Rd dbpegheoraicalily pbshtieheraneector Fea, 7.
In Fig. 7, a portion surrounding by a broken line 31 shows an inner

structure of e, esd| @gtﬁgdz gakﬁah%wsy%liéf@%ht&atﬁh@- tﬁeaé‘aggx%g-of?thla”pm

and output signals o estimator/cal cul ator 31 shown |

corresponds tocxaoncﬁ f)lélse.ll.tta.lrongﬂays%§%ﬂe&‘eﬁt&a&f‘@% Fi ging-dfé fgegmeh@

Fig. 7, the estimat calculato conprises a sSitulation Tmtral value

selting sect: o Ml nod) WP £ANE YTty Bob ohLeX i g0crgre
AL {ude ot S 1952REL 00 SHef o0 BER RSP S5y apea
obtained by differentiating the signal of the swing
displacement by a differentiator 37, and troiley speed
10 command output by the load position control unit 32. Using
the input values as variables, the estimator/calculator 31
estimates and calculates a horizontal position variation
(Lateral swing) of thetooll6inastateinwhichthecontainer
Ca is hung down by the tool 16.
15 " An example of structure of the estimator/calculator
31 is explained conéretely with reference to Fig. 7.

In Fig. 7, a portion surrounding by a broken line 31
shows aninner structureof theestimator/calculator 31 shown
in Fig. 5 and Fig. 6. Input and output signals of the

20 estimator/calculator 31 shown in Fig. 7 corresponds to a
calculator 31 shown in Fig. 5 and Fig. 6.
| As shown in Fig. 7, the_estimatdr/calculator 31
comprises a Simulation.initial value setting section 31-1,
a transfer crane structure, a trolley driving rope system

25 model 31-2 (crane behavior model, hereinafter), a swing peak

22



position control nodel 31-4. The crane behavior nodel 31-2 is fornmed by
nodel ing 5 behaviors such as a structure of the crane, a machine
apparatus, the rope and the like to calculate a displacenent of the |oad
in the horizontal direction and the |like by sinmulation using, as an
initial value, a nmeasurenment value such as trolley position input from
various detectors, 10 trolley speed, horizontal displacenent of the tool
(swing), disphapettnidespbeteotihbe seaaniidrswlig3spesdin@angdetle detkectifge
tool position control nodel 31-4 is a nodel which sinulates a behavior of

the | oad positiestGemt te et fiaderi)nefidetimiDathencrmeeulont aad appasalus
30. Gain constants 15 K1 and K2 included in the nodel 31-4 are equal to Kl

(38) and K2 (385i3hewh ddhtid Rmog¥hienithe trolley speed is controlled
usi ng detection signals such as the trolley position as the initial val ue

by conbining the crap ebspggg%eﬂa%'oék ANG f.he ﬂsooéo&Qe@g&eéFtM@efgﬁgggl

nodel 31-4, the periodica I'splacenent of the |load (contal ), speed

peri odi cal ol SBLAGSTRYs A0y B8 1 OLLENROYL 108 2 SSHLABIed dhtknsne

simul ated. “A sul't o e esti ion-and Simulation is a fne_ser|e§
east the est | HEPAFATSSs CRBSR A bosi11tn toost Rudnee ¢ b TRFraRe e
anpl | tude. a hg% ?:ihréu'laotaidonirtrl egglet Islo1:(’31'.rzec'\)nvt%lrli % Jj.xf“)enc‘ic:ri.]o%r %lnldeytkpeosint.]icgnbiyn
t he peri od.
simulation using, as an initial value, a measurement value
such as trolley position input from various detectors,
10 trolley speed, horizontal displacement of the tool (swing),
displacement speed oflthé_tool (swing speed) and the like.

The tool position control model 31-4 is a model which
simulates a behavior of the load positién control unit 32
included in the crane control apparatus 30. Gain constants

15 K1 and K2 included in the model 31-4 are equal to K1 (38)
and K2 (39) shown in Fig. 5.

When the trolley speed is controlled using deﬁection
signals such as the trolley position as the initial value
by combining the crane behavior model 31-2 and the tool

20 position control model 31—4,'the periodical displacement
of the load (container), speed of periodical displacement
and the trolley position are estimated and simulated. A
result of the estimation and simulation is a time series
data of estimated load (container) position in a period

25 duringwhichatleasttheestimatedload (container) position
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The swi ng peak detecting section 31-3 detects the maxi num anplitude from
the time series data of the estinated 5 |oad (container) position whish is
a.result of the sinulation, and outputs the sanme. A difference between this
output and the trolley position which is the sinulation result is set to
a target value of the load (container) position with respect to the |oad
position control unit 32 included in 10 the crane control apparatus 30.
That is,. a valnsachdsitied mdyifaw ampdd thide ! r otheyr poivitl ®#09i6at restieds
value by the simulation result by an anount corresponding to the maxi num

anpl i tude val ygobfai 181 bY LHe tYoMled) ig¥i6i68t iAS tAeSYerad Ue of the
| oad position control unit 32. 15 This operation corresponds to cal cul ation

of necessary novi ngraTipt,§f pbhR! Rk L3624 05 S64) onand 1heyd 0adr ROBhE On

f
control unit 32. controls to n%ve the position of the rope support point

on the troll ehaéé@@%@%giﬁ% - ateon DY 3L s@?‘?.‘é%.t ?Qgérc?f%’éd'éggiﬁgtktﬂe

maxi mum anplitu oad positiron control uni I'nputs a targe

I £ the .l Ui o, . . " .
e e R BB RSP REBTERs 24,0 0 RCELle 2L,
[ t itioni trol | cul ati f the | oad such that [
orpl ot on st GHpBSFRIET BREATRe (4 SIAAREIT? BT AT G1the PHERNmErdos
with the target 24 value of thé | oad position based on the positionin

control gai n e By¥od sk POSdHIRP ddiGtbil sghhs SR Iy ites W 1s se

to a tgrget value of the load (container) position with
respect to the load position control unit 32 included in

10 the crane control apparatus 30. That is, a value obtained
by deviating the trélley position estimated value by the
simulation result by an amount .corresponding to the maximum
amplitude value obtained by the simulation is set as a set
value of the load position control unit 32.

15 Thisoperationcorreépondstocalculationofnecessary
moving amount of trolley-(S62 to S61), and the load position
control unit 32 controls to move the position of the rope
support point on the trolley to a position deviated by an
amount corresponding to the maximum amplitude.

20 The load positioncontrol unit 32 inputs a target value
of the load position, swing displacement and swing speed
ofthetoo;lG(load)detectmdbythetoolpositiondetecting
apparatus 25, carries out positioning control calculation
of the load such that moving completion stop position of

25 the transverse trolley (load) 13 coincides with the target
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carries out sw ng-preventing control calcul ation such that the sw ng speed
becones snmall based on the swi ng-preventing 5 control gain K2 by a

SW ng- preventing control setting device 39, and outputs a trolley speed
command to the trolley notor driving apparatus 21. The landing tine
calculator 33 calculates tinme (landing'tine) Ts fromthe conpletion of the
| oad position 10 control to the landing, froma reeled hei ght detected by
the reel ed heiglituaetfetherl @6d g inker Hare & peetihebpas htdonhyg control
differentiation using a differentiator 40. The unreeling delay tine

determ ni ng urRjdiB4&K 1l nputs pdsieisrihgscdatacdf ddien esdtthhgddéoakepdsi,ti on
fromthe 15 estinmator/calculator 31, and inputs the landing tinme Ts by the

landing tine calwiiled out3dwingdpas vaiithd @ dntdoBalltul diil e lsiutth dabay
time determining unit 34 determnes the descending delay tinme AT of the

| 0ad such_t hateidgwlsugos p £0RUA ditie S AN b d bR @H@imn@ﬁébeﬁu)%

when the 20 horizontal” direction.position displacenent (lateral sw ng

becones maxi A : | J %ﬂé?g. t 1. i :
deterninesg PE%Jspeéhgggﬁdggggﬁg?ﬁgﬁfhg%% erat%gﬁ c]gﬁg%?%ﬁﬁg?%%géevﬁgged
on the descendj I i AT _af .t he_| gad, tputs 25t unreelin
speed comrand%tggg?ﬁg ?a‘g%ﬁ[’?ﬁg arrgf:%ll&ryie\s/ %S(a Eg‘g‘g‘f}‘%?rg &?ezg.rc’?ﬁeey h8Eor"
decel eration characteristics,is iﬁt by a deceleration coefficient which
has correl ati SiF G ihePParatus 21.

The landing time calculator 33 calculates time
(landing time) Ts from the completion of the load position
10 control to the landing, from a reeled height detected by
the reeled height detector 26 and unreeling speed obtained
by differentiation using a differentiator 40.
The unreeling delay time determining unit 34 inputs
time series data of the estimated tool position from the
15 estimator/calculator 31, and inputs the landing time Ts by
the lénding time calculator 33, and as shown in Fig. 3, the
unreeling delay time determining unit 34 determines the
descending delay time AT of the load such that the hung
container Ca lands on the subject container Cb when the
20 horizontal direction positiondisplacement (lateral swing)
becomes maximum amplitude.
The unreeling speed determining unit 35 determines
the speed of descending (deceleration characteristics)
based on the descending delay time AT of the load, and outputs

25 the unreeling speed command to the reeling motor driving
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déscending delay tinme AT. In the unreeling speed control step, the speed
is reduced to a specified speed of descending 5 (extrenely | ow speed cl ose
to 0) at the tinme of landing. Next, a stacking operation in a plurality o
stacks manner of the containers carried out by the crane control '
apparatus 30 having the above-described structure is explained. First,

hori zontal direction position 10 displacenent (lateral swng) of he tool 16
in a state in apbiachtiuze 2Bung Thentlaicedre rétiien ireralower bytibe feobelebys
estimated and cal cul ated using the estimtor/cal culator 31. Then, as the

| oad position goglelc@ll etPiom POSEFiehent Ghidls ey abedelytiam zont the
direction position displacenent 15 (lateral swng) S51 of the tool 16 at

the time of estiiileath;daedng, Wide 1eePedh ko Ma e itlg BlAl Wintbol S

set to a target value oad position (trolley stop position) , and

the transver Seittre lhl (Ia:SE%lée%l POSiddoRed +d s 8% peldifo UL PORAL AGN

control unit 3 oad position 20 cofitrol section, sw ng-preventing

control is als rrie tt e LLh,.poskt Lani I | oad
position contr 8Ie?<\%é:semce§'rﬁ)ﬁe wedé)géna%igt%]é%%r'ggsgl)er ég ;t?l(% %33‘{41?%135%‘%%3%'ed,
the unreeling speed _control step.is started. In the unreeli e

control 25 step, decBF&ftat Foﬁ%é‘g o&ertaﬁcelosrbe]gh off d&%@’hﬁgnépﬁgailést he
tool 16 is carried out. After the,lanmlg%tine Ts %9Ic%{ated QX t he

| anding tine cHeames 9f sheyRnsdners rried out by the crane control

apparatus 30 having the above-described structure is

explained. First, horizontal direction position

10 displacement (lateral swing) of he tool 16 in a state in

which the hung container Ca is hung down by the tool 16 is

estimatedandcaléulafedusingtheestimator/calculator31.

Then, as the load position cohtrol step, a position which

is deviated by horizontal direction position displacement

15 (lateral swing) S51 of the tool 16 at the time of estimated

landing with respect to the target container Cb is set to

a target value of the load position (trolley stop position),

and the transverse trolley 13 is positioned and stopped by

the load position control unit 32. In this load position

20 control section, swing-preventing control is also carried
out together with poéitioning control.

If the load position control was completed and the

transverse trolley 13 was stopped, the unreeling speed

control step is started. In the unreeling speed control

25 step, deceleration control of the speed of descending of
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unreeling delay tine AT det er ni ned by the unreeling delay tinme determ ning
unit 34 have been el apsed fromthe 5 conpletion tinme (current tine in Fig.
3). of the load position control, the hung container Ca | ands on the target
container Cb at the specified | andi ng speed of descending. This |anding
timng is a tinme point at which the horizontal direction position

di spl acenent (lateral swing) 10 of the tool 16 at the tine of

| andi ngbeconesmaxtouin adpliid uderat ethewescenfiteg dekeayl dridinATtdmel Tad,
and the hung container Ca of the tool 16 |ands on the target container. At
the time of loyidugatéd Wie eRenclsledcegoftime balicaqdwdr BGSI4h@N t¥fe the
upper and | ower containers is detected at 15 the nmaxi num anplitude, since
speed of the | . S\ i o) ; ef,al i : .. 16
becomes. maxi mintS TheTh AL 88 o SN UEr L PAhEL"PG, LAY BrBe i3 WiTay’
Wth this str r ot s ecessar %t o Lt L er S\ at
the tinme of Iz;érji'L |éJnga|’esteéIdll%%e , Ztﬁdéi‘lt Pﬁgsos%g%{le éfohae%%)é%f f%%: IPvghy%g
carry out pprggg' : i i eep] ri zont iation of .the
upper and ?ower cﬂo%g}#l%&g‘dv%gt(%%E%{)}Eeggfgg%%glggl'eﬁ){;é)ﬁéu%ggvi %o%goﬁéfﬁﬁlo?ﬁ ng
| abor of the crane perator. It has. been, expl ai ned ..n this enbodi ment that
the 26 I ater OBy S % RENEGITR Ao RETCA FRACRIO A% GPEieH AR E29R64 ng
the trolley pgsition, the trolley speed, the sw.n .di spl acenment, the

swi ng speed, dthetlte 0$P§9l§|58§1d%~€6’rﬂm speed 3t descending.

This landing timing is a time point at which the

horizontal direction position displacement (lateral swing)

10 ofthetooll6atthetimeoflandingbecomesmaximumamplitude

at thedescendingdelay time AT of 1oad, and the hung container

Ca of the tool 16 lands on the target container. At the

time of landing, if the coincidence of the horizontal

position of the upper and lower containers is detected at

15 the maximum amplitude, since speed of the lateral swing is

zero when the lateral swing of the tool 16 becomes maximum,

the hung container Ca lands at lateral swing speed 0. With

this structure, it is unnecessary to wait until the lateral

swing at the time of landing is eliminated, and it is possible

20 to effectively carry ou_t appropriate landing while keeping

horizontaldeviationof the upper andlower containerswithin

the permissible value without requiring labor of the crane
operator.

It has been explained in this embodiment that the

25 lateral swihg of the tool 16 is estimated and calculated
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However, estimation and calculation of the lateral swing of the tool 16
can be performed nore precisely using 5 additional information concerning
the reel height and information concerning |oad weight. As explained
above, according to-the method of and the apparatus for controlling
stacking by the crane of the invention, the lateral swing of the tool is
estimated in 10 a state in which the container is hung down fromthe tool,
and the | andi ngsisgcahei edodlie yatpdsier i o oreihe SYEOYLEPXsHedd ! it RHHg Of
the tool where the swing speed of the tool becones zero. Therefore, it is

unnecessary todieplatsieht,!tice bati e pSed NandSt 8 EFoNalRls p@8E ddmmathd .
possible to carry 15 out appropriate | anding. Further, by positioning and

stoppi ng the tgehée¥rWhikeid@taldn il ddvecPrst bRNcgevhat d v framd iy
i as ‘the trold ey

target container by an anount of |ateral swng o e too etr

| .
stop position,oft ¢h$ p@ggibllﬁet Qaneffec E%ﬁ&m‘é@f r¥o gt ngl\?e\z#fgéjn?;ﬁr?%dl ng

whi | e keeping 20 hori zont al viation o e uppFr an !

within the p L 551 val i requirin ahqgr of the crane

oper at or, gmf%é%fg% #%é %ﬁﬁé%ﬁ%ﬁg§%Iﬁéb%%ﬁﬁg?ﬁeﬁi nrseiMQﬁ%?FFyQHd
stacks manner cap be carried out autonati alll. | n other words, it is
possi bl e tolwiﬂféﬁm?gﬁapnﬁogﬁﬁr%ﬁ?%t R&F n§etB8RFrol in which even when a

trolley position of 28 the rope is varied by deformation of novenment of
the bodywork |ike &%r&fRl#0PAg2Bo¥PwoRIESE IR rF Qi Bheymethost wfe amd

the apparatus for controlling stacking by the crane of the
invention, the lateral swing of the tool is estimated in

10 a state in which the container is'hung down from the tool,
and the landing is carried out at the lateral swing maximum
time point of the tool where the swing speed of the tool
becomes zero. Therefore, it is unnecessary to wait until

the lateral swing is eliminated, and it is possible to carry

15 out appropriate landing. Further, by positioning and
stopping the trolleywhile determining the positiondeviated
from the target container by an amount Qf lateral swing of

the tool as the trolley stop position, it is possible £o
effectively carry out appropriate landing while keeping

20 horizontaldeviationof theupperandlowercontainerswithin
the permissible value without requiring labor of the crane
operator, and a stacking operation of the containers in a
pluralityofstacksmannercanbecarriedoutautomatically.

In other words, it is possible to realize landing and

25 stacking control in which even when a trolley position of
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a tire running crane, and even when the rope systemcan not be regarded as
a sinple pendulum | anding can be carried 5 out with high precision, and
time required for landing can be shortened. Therefore, it is possible to
provide a landing and nethod of and the apparatus for controlling stacking
by the crane capable of realizing automatic crane of high efficiency, and
enhanci ng | oading efficient. 10 Although the invention has been descri bed
W th respect the aopped Vaeientnydefioirrdalri en odpbeereand £itbarbddgrbokur e,
t he appended clains are not to be thus limted but are to be construed as
enbodyi ng al | 1ié fa ealinensadid@lbicrrywdtve £ donétrigiddbg §batceayeosgUr
to one skilled in the art which 15 fairly fall within the basic teaching
herein set fogtBire2Buditdgl Sr&hél it |&ved whemeitod opfe 69atted LaRdnot

stacking of a load by a crane, said crane having a trolley which noves in

a horizontal nd pRetdQbd AW 2 40981 0hb el uBNG AN HLAY Be T ORELEAM S

said trolley and which ascends a descends by a reeling or an unreeling

operation and whi ﬁgaﬂg%%%ﬁa%{:%ggsgg{u?eaﬁhaglfﬁg r8§ui‘r%ha%%”ﬂaﬁam t

position, the net Fis mati ng periodical displacenen (_(:)?nsai d
descends | n Sl hakrdr  RarrEReES bt ta e tr R EE R e b Sl o bt
lands on the %En%c‘fnier% c;[ ro tarPcPSél'Eei Oa{‘pﬁ‘QEQt%Q %g{%l ictolrjl(%q:oqfling stacking
by the crane capable of realizing automatic crane of high
efficiency, and enhancing loading efficient.
10 Although the invention has beendescribed with respect
toaspecificembodiment for a complete andclear disclosure,
the appended claims are not to be thus limited but are to
be construed as embodying all modifications and alternative

constructions that may occur to one skilled in the art which

15 fairly fall within the basic teaching herein set forth.
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the estimated periodical displacenent becones maxi num and | anding said
tool or said load. 15 .2. The nethod according to claim1l, further
canprising: . detecting or calculating-any one or nore paraneters of a
trolley noving position, a trolley noving speed, a tool horizontal
posi tion di spl acenent anount, a tool horizontal 20 position displacenent
speed, a trolley speed command, a tool reeled height, a |oad weight, based
on one or a cowBAmatisowIAIMHE P@f ameters, building a sinulation nodel
conprising at Teast one of or a conbination of the paraneters related to
the horizontal 125 pogiddibdiciPkasertl itfg erackinPbe £l cadeehant snof
said 30 111azzaaverety ikt oa211az 0r r1rir * 6 Mcrane, driving and control
mechani sm of sabd gt L@y nSR gy £0P8018RY GatildHIGEe 8T i hakChlAti igh dde
hori zontal position gisplacenent of said tool based on the built
simulation 5 [ A_net ho at.p.ol Li t ' I
crane, said cggggcﬁéépﬁgag%t?o??ég ﬁﬁ?%ﬁ %%Q%%ngﬁﬁgﬁﬁg??g% ?%JP@%??%g??on,
and a tool which.is hugq down sinq:
0

ascends an&’ degééﬁ{dgr g_yr &A% ngT t?‘{soggnééo &Odgghgntdrsmﬂyg%adaf%%lggéh

an-unreeling operation
hol ds a | oad t81cbaen Ek%géi‘ing operation and which holds a load to be stacked

on a stacking target position, the method comprising:
estimating periodical displacement of said tool in
a horizontal position,

10 controlling a speed with which said tool descends in
such a manner that said tool or the load held by said tool
lands on the stacking target position when an amplitude of
theestimatadperiodicaldisplacementbecomesnwximuﬁ,and

landing said tool or said load.

15
2. The method according to ciainll, further comprising:.

detecting or calculating any one or more parameters
of a trolley moving position, a trolley moving speed, a tool
horizontal.position.aisplacement amount, a tool horizontal

20 positiondisplacémentspeed,atrolleyspeedcommand,atool
reeled hgight, a load weight,

based on one or a combination of the parameters,
building a simulation model comprising at least one of or
a combination of the parameters related to the horizontal

25 position displacement of one or more of a mechanism of said

" A B
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on a stacking target position, the nmethod conprising: estimating periodical
di spl acenent of said tool in a horizontal position, 15 positioning and
st.opping said trolley at a trolley stop position which is deviated froma
stacking target position by a distance corresponding to a maxi mum
anplitude of the periodical displacenment, and controlling a speed with

whi ch said tool descends in 20 such a manner said tool or a |load held by
sai d tool |andsrams, tdei wingkind daiged 1 pastiawhsmhen sal drgdd Tgke, 6faitde
estimated periodical displacenment becones maxi rum and | anding said tool

or said load. rdpd) lahd! 1121111 I11LL il 11 C-Mslll 31 4. The net hod
according to claim3, further conprising: detecting or calculating any one

or more paraneters Qfs@hdOlh§Y oFOUNMLPOSEIAGNEhd HAL £Yn FRYI p%s%%% a
tool horizontal position displacenment anmount; a tool horizontal 5

posi tion di splac d,.ea L1l p o] . eel :
hei ght, a | oaﬁvﬁ%ﬂ%?rﬁgggegfmsa&%e tgérjog g%%ﬁ?ngﬁg’%eo%‘%ﬁgk pglﬁ'glﬁé't%grlso,n

bui | di ng a-si é%'on nodel conprising at | east one of or a conbination of
the paraneters related to the horizontal 10 position displacenent of one or

nore of a mechani smof said

3. . Amethod of controlling stacking of a load by a crane,
said crane having a trolley which moves in a horizontal
direction, and a tool which is hung down using a rope from

10 said trolley and which ascends and descends by a reeling
or anunreeling operation and which holds a load to be stacked
on a stacking target position, the method comprising:

estimating periodical displacement of said tool in
a horizontal position,

15 positioning and stopping said trolley at a trolley
stop position which is deviated from a stacking target
position by a distance corresponding to a maximum amplitude
of the peribdical displacement, and

controlling a speed with which said tool descends in

20 such a manner said tool or a load held by said tool lands
on the stacking target position when an'amplitude of the
estimated periodical displacement becomes maximum, and

landing said tool or said load.

. Iy
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crane, driving and control nechanismof said trolley, said rope, and
estimating or calculating the horizontal position displacenent of said
tool based on the built sinmulation 15 nodel. 5. An apparatus for
controlling stacking of a load by a crane, said crane having a trolley

whi ch noves in a horizontal direction, and a tool which is hung down using
20 a rope fromsaid trolley and which ascends and descends by a reeling or
an unreel i ng dper at iThre mpthwii ek cloalddsia tiboatlaimo3 pefsthbkedcaompaisiagki ng
target position, said apparatus conprising: estimating periodical

di spl acenent of sai diette@tiing &b calwilaohhgl appsohéodr M@re parameters
J111111112111212121211712121212111f1 CL M S controlling a speed with which said

t ool descends dia SN &y KRS g Waadi tSidd s, BoBko 0l eyl 2 J(}@ééldpk s3bd
tool lands on the stacklng target positi on when an anplitude

estimat ed per Qi iCaln (i 5 RIAGE r&‘éerﬁ@ﬁ(t BBud a @ob@%?gzéﬁtglt ool

or said load. 6. The appgiatus accor Ing to claimb, f “urther conpri si ng

an estimat§ng) (b?d_cﬂﬁ!cﬁ pggﬂ%'éemtcggg%he%%rg& feg} ggleaheéoﬁﬂxnan% %oﬁme

par anmet er s of movi ng position t movi ng spéed, t oo

hori zont al po% 14&(L§¥bﬁ€e”§nﬁo%@PnggﬁEtoo' horlzontm

based on one or a combination of the parameters,

building a simulation model comprising at least one of or

a combination of the parameters related to the horizontal

10 position displacement of one or more of a mechanism of said

crane, driving and control mechanism of said trolley, said
rope, and

estimating or calculating the horizontal.position

displacement of said tool based on the built simulation

15 model.

5. An apparatus for controlling stacking of a load by

a_craﬂe, said crane having a trolley which moves in a

horizontal direction, and a tool which is hung down using

20 a rope from said trolley and which ascends and descends by

a reeling or an unreeling operation anq which holds a load

to be stacked on a stacking target position, said apparatus
comprising:

estimating periodicél displacement of said tool in

25 a horizontal position,:

> RO AR
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posi tion di spl acenment speed, a trolley speed conmand, a tool reeled

hei ght, a | oad wei ght, based on one or a conbination of the paraneters,
builds 15 a simulation nodel conprising at |east one of or a conbination
of the paraneters related to the horizontal position displacenment of one
or nore of a nmechanismof said crane, driving and control nechani sm of
said trolley, said rope, and 20 estinmates or cal culates the hori zontal

posi tion displ acenmeun tafo Sk g tapGlp deas ad. tin whiieckbwsialitd siomll deisarendwdeal . ~
LT ~~~1" "tu M1l ~~1ill MS 33 7. An apparatus for controlling

stacki ng of a diafd Hmanhed ¥t $AIH ToVIE Jrathey 1aad dldiey byhisahdewved in
a horizontal direction, and a tool which is hung down using a rope from

said trolley q%%%i&htﬁgcgegék%% dasgRMdp oY t3 oh WeRld RG 8hpal tédLRls Ng

operation and whi holds a load "to bé stacked on a stacking target

positi on, - sai APBALALNS o FRRRLIGH;NE B1:PALRANAL Y SALS Ao idudn abeh

estimates periodical spl acement sai ori zontal position

10 and which positiqgns and sto aid trol |l ey, at trolley stop position
which is dgviated fﬁﬁﬂ% ]§Qa%%$ g ?Sgggf 5E§f%?%%£dby a di stance

corresponding to a nmaxi mum anplitude of the

6. The apparatus according toclaim5, further comprising
an estimating/calculating unit which
detects or calculates any one or more parameters of
10 a trolley moving position, a trolley moving speed, a tool
horizontal position displacement amount, a tool horizontal
positiondisplacement speed, a trolley speed command, a tool
reeled height, a load weight,
based on one or a combination of the parameters, builds
15 asimulationmodelcomprisingatleastoneofrn:acombinatioh
of the parameters related to the horizontal position
displacement of one or more of a mechanism of said crane,
driving and control mechanism of said trolley, said rope,
and |
20 estimates or calculates the horizontal position
displacement of said tool based on the built simulation

model.

[T
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peri odi cal displacenent, and a descendi ng | oad speed control unit which
controls 15 a speed with which said tool descends in such a manner said
tool or a load held by said tool |ands on the stacking target position
when an anplitude of the estimted periodical displacenent becones

maxi mrum and | ands said tool or said |oad. 20 8 The apparatus according
to claim7, further conprising an estimting/calculating unit which
detects or calzul at eg appHnetes Forecpatawdildsy aftadkingl b€yandvadgby
position, a trolley noving speed, a tool 25 horizontal position

di spl acement amgphned t20ld herhrentalvidy 4l t|r|o|l|l|éci/ I&hithlhbiled NM 3
position displacenent speed, a trolley speed command, a tool reeled

hei ght, a | oad, i ghvaDageHcLRiBAE BhdAaCeBBLNGhieR 9k hlRgPabaRELSLag
builds a sinmulation nodel conprising at |east one of or a Conbination

5
of the par ameter s Jeelealad b9 o B8 1017 agalnResl hkeBndissBhacauRilerdls Bge.

or nore of a mechani sm ot said crane, roving and control nechani sm o

posi t1on 10’ ot esciahbee SR uR S eI shesF R Re D e LR b oac
model . to be stacked on a stacking target position, said apparatus
comprising:
a load position. control wunit which estimates
periodicaldisplaéementofsaidtoolinahorizontalposition
10 and which positions and stops said trolley at a trolley stop
position which is deviated from a stacking target position
by a distance corresponding to a maximum amplitude of the
periodical displacement, and
a descending load speed control unit which controls
15 a speed with which said tool descends in such a manner said
tool or a load held by said tool lands on the stacking target .
position when an amplitude of the estimated periodical
displacement becomes maximum, and lands said tooll or said
load.
20
8. The apparatus according toclaim7, further comprising
an estimating/calculating unit which
detects or calculates any one or more parameters of
a trolley moving position, a trolley moving speed, a tool

25 horizontal position displacement amount, a tool horizontal

M



9. A nethod of controlling stacking of a |load by a crane, said-crane
having a trolley which noves in a horizontal 15 direction, a tool which is
hung down using a rope fromsaid trolley and which holds said | oad, and a
rope reeling unit which reels or unreels said rope and thereby ascends or
descends said | oad and stacks said |load or said tool to a desired
position, the nmethod conprising: 20 estinmating periodical displacenent of
said tool in pashiarioodiablpezinternspestd, nattirnd 1 8 pped dnt dthmahde e sabd
tool descends in such a manner that said tool or said |oad | ands on the

desired posi trie@n athidei gtit An@l Lbude wafighte, estimated periodical .25
di spl acenent becones maxinmum and 35 | I1l1112111221222222F (e 1l * C

L MS controlling reglsielitoRbonds @ E88beha%dich 6 RMDPasand tTELLEEHLNT
unit in such a manner that said tool or said |oad descends at the

esti mat ed Spes%ix&%gti&qmdfﬁfgg?c\?ﬁigﬁj AENQ SO6KEYE OF a3 BYi8n

crane, said crane having a tro noves I n a horizontal direction

a tool which ig% PG Jown 1St Dgs a feofv\}f;téﬁomosaitﬁe tl’ic%:!i.%?én@ﬁﬁl_. %&8&98&1@'5
said | oad,” and™a fope “reel’ing unit Ich reel s or unreels sai ¢ rope and
t her eby ascends 10 descends said | oad and stacks_said Igad or. saidetool

to a desired f;gglﬁccﬁﬁl}erpﬁeo qrh%ooﬁé?f’plf?s? ga mechanism of sald Cramne,

driving and control mechanism of said trolley, said rope,

and
estimates or calculates the horizontal position
10 displacement of said tool based on the built simulation

model.

9. A method of controlling stackihg of a load by a crarie,
said crane having a trolley which moves in a horizontal
15 direction, a tool which.is hung.down using a rope from said
trolley and which holds said load, and a rope feeling unit
which reels or unreels said rope and thereby ascends or
descends said load and stacks said load or said tool to a
desired position, the method comprising:
20 estimating periodical displacement of said tool in
a horizontal position,
estimating a speed with which said tool descends in
such a manner that said tool or said load lands on the desired
position while an amplitude of the estimated periodical

25 displacement becomes maximum, and
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estimating periodical displacement of said tool in a horizontal position,
positioning and stopping said trolley at a trolley 15 stop position which
is deviated froma stacking target position by a distance corresponding to
a maxi mum anplitude of the periodical displacenent, estimting a speed

wi th which said tool descends in such a manner that said tool or said |oad
I ands on the desired 20 position while an anplitude of the estimated
periodi cal displ acenentrbelongsreeXi Ay r aiitk ot fi@ld f B ildeebbRUbPrlsaid
unreeling of said rope by said rope reeling unit in such a manner that

sai d tool or spbfe t@aﬂiﬁl?smm@sm stik® ashihmpked t3RAed 412D 31 Idr Isdid !
11110 11 s 1t 11. An apparatus for controlling stacking of a

| oad by a crafgaqSakdcendne Nawing @stinhtey Whieely mves in a horizontal
direction, a tool which is hung down using a rope romsaid trolley and

whi ch holds said load, and a rope reeling 5 unit which reels or unreels
said rope and t hereby ascends or descends said | oad and stacks said | oad

cst; mat i ngPoal St at Eagers SR ehREseT nareib B R RSP oy difwape.
dysplacenent(gafgigrggglhggf%g a trolley which moves in a horizontal
direction; a tool thch is hung down using a rope from said
trolley and which holds said load, and a rope reeling unit
which reels or unreels said rope and thereby ascends or
10 descends said load and stacks said load or said tool to a
desired position, the method comprising:
estimating péeriodical displacement of said tool in
a horizontal position,
positioning and stopping said trolley at a trolley
15 stop position which is deviated from a stackiﬁg target
position by a distance corrésponding to a maximum amplitude
of the periodical displacement,
estimating a speed with which said tool descends in
such a maﬁner that said tool or said load lands on the desired
~ 20 position while an amplitude of the estimated periodical
displacement becomes maximum, and
controlling reeling or unreeling of said rope by said
rope reeling unit in such a manner that said tool or said
load descends at the estimated speed.

25
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10 horizontal position, a speed estimating unit which estimtes a speed
with which said tool descends in such a manner that said tool or said

| oad | ands on the desired position while an anplitude of the estinated
peri odi cal displacenent becones maxi rum 15 and a rope reeling control
unit.which controls reeling or unreeling of said rope by said rope reeling
unit in such a manner that said tool or said | oad descends at the speed
estimated by sdid speecipgsiiaties nfountont2zoliingars tpphinagueff er Load by
controlling stacking of a load by a crane, said crane having a trolley

whi ch noves i@ acréwej zertial diaeet hawvirg taokrwiilely i shhahg rdoves usnng a
rope fromsaid trolley and which holds said | oad, and a rope reeling 25

uni t whi ch reelox idontd Belix et o pretand wheckhbys aseendswn3dlsing d roblkl |
FEerrr 1t 1" 11 1"1'S or descends said | oad and stacks said | oad or

said tool to ﬁkdﬁ§&i§¢ﬂ%¥ﬂ%&9ﬂdWﬁi&hﬁamaﬁﬁaﬁdgamwléﬂ@ﬂrdﬁbreellng
estimating/cal culating unit ich esti-mates or cal cul ates peri odi cal

di spl acemeqt of, i§aiyh {@Plrddl & 0P d}ﬁréépé‘té‘élo‘i’oéd)ﬁéOdeatﬂéPEb?ya%E@HH'sng

uni t which p03|t|ons and stops said trolley at a trolley stop position

whi ch is dev'%ﬁeg Sd¥lds said load and stacks said load or said tool to
a desired positiqn, said apparatus comprising:

an estimating/calculating unit which estimateé or
calculates periodical displacement Qf said tool in a

10 horizontal position,

a speed estimating unit which estimates a speed with
which said tool descends in such é manner that said tool
or said load lands on the desired positionwhile an amplitude
éf the estimated periodical displacement becomes maximum,

15 and

a rope reeling control unit which controls reeling
or unreeling of said rope by said rope reeling unit in such
a manner that said toéi or said load descendé at the speed
estimated by said speed estimating unit.

20
12. An apparatus for controlling stacking of a load by
a crane, said crane having a trolley which moves in a
horizontal direction, a tool which is'hung down using a rope
fromsaidtrolleyandwhichholdssaidload, andarope reeling

25 unit which reels or unreels said rope and thereby ascends
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a'stacking target position by a distance corresponding to

a nmaxi num

anplitude of the periodical displacenent, 10 a speed estimating unit which
estimates a speed with which said tool descends in such a manner that said
tool or said load |lands on the desired position while an anplitude of the
estimated periodical displacenent beconmes maxi rum and 15 a rope reeling
control unit which controls reeling or unreeling of said rope by said rope
reeling unit iorsiescendsanacd ibad aaddstaocksosasdi Hoddaor desténdsohttd he

speed estimated by said speed estimating unit. [LLLIEELTIIELTT
1111111111111 a38esired position, said apparatus comprising:

10

15

an estimating/calculating unit which estimates .or
calculates periodical displacement of said tool in a
horizontal position,

atrolley stopping unit which positions and stops said
trolley at a trolley stop'position which is deviated from
a stacking target positioﬁ by a distance corresponding to
a maximum amplitude of the periodical displacement,

a speed estimating unit which estimates a speed with
which said tool descends in such a manner that said tool
orsaidldadlandsonthedesiredpositionwhileanamblitude
of the estimated periodical displacement becomes maximum,
and

a rope reeling control unit which controls reeling
or unreeling of said rope by said rope reeling unit in such
a manner that said tool or said load descends at the speed

estimated by said speed estimating unit.
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