1 SPECI FICATION Title of the Invention Met hod and device for
controlling a jib crane Technical Field This invention relates to a
met hod for controlling a jib crane and, a device therefor and., nore
particularly, to such nethod and device which are capable of preventing
swayi ng of a hanging |oad and vibration of a nast of a crane while
elimnating a delay in actual operation to an operation command by an
operat or. Background Art inthe field of jib cranes, many proposal s
have been made for mainly reduci 8¢ %WaYi0g 13108 | oad caused by operation of
a jib and these proposals include one using a feedback control and one
based on an operation pattern. For exanple, Japanese Patent Application
Lai d- openlHdplofddus brnvewtiong- 315765 di scl oses a proposal which detects
| ength of hanging portion of a rope, a rotation angel of a jib from present
position to a. target position, and an angle of swaying and swayi ng speed of
a load and ca 81319‘?%@‘ (f)gﬁ\’f-‘iﬁ g‘i’bﬁ“‘épf‘ﬁpltlla%'r 8dth s88P¢i on by control ling
angul ar velocity of rotation of the jib so that the angle of rotation, the
swayi ng le. and s ing speed of the load will cone within a perm ssible
error ragqu%hlﬁlé’gg%el\égg%t ent Application Laid-open Publication No. 05-85698
di scl oses a proposal which prevents swaying of a |oad by using an operation
pattern usi ng 38! GaR.ASEER1ALLLR, 1 H NG AL ALR BRI BUTIGalenath of a
rope at the tine of sijartling and at the time of Pihis |r$g. ) II—]Iowever, in
jib cranedidpadavitt dheyetgnen deranss nddctiorlsohssugdt Purthed anbui | ding
or a damdddickSwhoglsider egy dhfd beWrleviea thi lsdy AMBshl (f RWRLI AL Miagn) Which
constitutes, av_.g)QS? of the crane . 2 wit h a g\l.gl d]mat erj.al an f flexible
material 150 uSOG M e nlSEt HoP £hIRC rEadEh CIHBVRRERE 8f 15/8¥ dRe causes
vi br at i ormafiat. e exastorand cmepmpieni Ngnvednat iod tof athhep sdstoradded t o swayi ng
of the load inparts unpleasant feeling resenbling sea-sick to the operator
and this results in reduction in the work efficiency. Particularly in a
tower cranetkgHairddgd of variation in the length of load-rope is |arge
and, therefore, swaying prevention efficiency has to be reduced when the
| engt h of | oag- r_cg_pe__..i ? controlled to a limted range. Further, swaying
caused by str ‘ﬁ_d’ W fgTd lé r“’tj-'ﬁ&ér‘ék@l%Eti'”é)li?{é)@?iﬂ)% hr%dhb@@ll‘i.mﬁdlﬁ’w fiomi s
py;goise,( ma@yﬁsr@a&mﬁngswiyﬂggpribyeﬂligqnxeﬂ@ﬂ Q.?S)}%{ﬁiaﬁlgmﬁ oﬁ’@ﬁﬁ%{ﬁfﬂior a
gi nba k j.i.roscope). is. o _proposed. [For, exanpl e, Japanese Pat ent
Appl i cat iqglr%bﬁzfl’ld)i)é)%éﬁis_%%ﬁl%ﬁ}g@dg@é‘gaﬂ&(’éébébgﬁﬁtﬂi)géﬁgs%“%b@\ﬁ/ﬁ ing
preventi om devi cepwhitlhnhagadtqaendul Ui nekhen i, n bodyn efe a Rataneg.
Japanese Lat gpt :ApP! 1,685 1,97 L& 205 Hybh catd @) 07-233854 di scloses a
device whic dé}lects,'rgtza(t) i%éln Eﬂ’é’?@e@%‘ﬁg é\lyoffba(?&gng%c?é}e VBt afli on of a
t ower cr éﬁé’péfﬁél-c‘ﬁ#ﬁ%ﬁgée‘é%%lm%t@ﬁ)m@i@m padiori ve 4 hepg,nbal and
thereby poexeiRh whbeatdfon i9h tbe HAWMBELREANEtion to a target position,

and an angle of swaying and swaying speed of a load and causes the

load to stop at a target position by controlling angular velocity of

rotation of the jib so that the angle of rotation, the swaying angle

and swaying speed of the load will come within a permissible error

range. Japanese Patent Application Laid-open Publication No.

05-85698 discloses a proposal which prevents swaying of a load by

using an operation pattern using 2-stage acceleration timings

which arve optimum to length of a rope at the time of starting and at

the time of finishing,

However, in jib cranes, particularly tower cranes used for
construction of a building or a dam, it is considered difficult to
build a mast (tower portion) which constitutes a base of the crane



Japanese Patent Application Laid-open Publication No. 2005-67747 provides a
nmet hod and device for controlling a jib crane which can achi eve both
position control of a |oad while smayifg of load is prevented and
prevention of vibration of a main body of a crane caused by crane work and
al so caused by disturbance caused by outer factors such as w nd and

eart hquake by only operating a conventional notor of the jib crane in
response to a desired conmand of the operator using a two-degree-of-freedom
control systler rigivhinciiet eddbadka dontiboe madefiaddshosabrer cantmalstar e

conbi ned. ny,&nt,i.o The rior.art..cra control was
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vi brat i ommelt heaakheth cof ahgadofa%m@ﬁbnum euqua@lng\m |’th head-@spktid hat
unpleasagﬁ fgellqg I8 mgﬁ%te to.the oper a% i ?ontrolllng sway
of a load‘a PatTShC b Ca MY BRI CARBELNT y© FH@P@VO S it |
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prevent i ng Wit b?’]aﬁq §H of deygg dmpstor I—HW@v@ﬁ“Pp’l‘a@w}sli(bﬂSUfn s(ticlfivmybm@tl on

control Q@ummm &l’b\ﬁ&l@tdd’iﬁgcﬁ anen Menesshi af ?m%a Ogen%:gd(ﬁ)g)elfsor m ng
Wor k. exagig gj a met ho for si mul ons controlling both
e P

an
| oad and Hagt R ST %Bnt SAPPIH Eatrdﬁ'lé“@ o HahePlb it £ dH ONo.
2005- 67747ahaspbeerNat edl3 AHWE 3 Howev ers - zuommm sdm@@@seﬁi @mi\mlg
priority i t 9. PLEVENLLAN f Y | oad,;and_vi br on of a nast
D her i1 %ﬁ(\g)n\{? o %(O\EI gl gﬁli ng %gn (’?\gﬁ 1 u 111_';11 i ‘idhe PERR D o«?) o%f
posi t i onitigi¢ont ¢ 8P aBfs¢hB alloat Anpﬂﬁamunse?ﬁniaweapéhdwmraSO@OWWand cannot

be achi e\(ﬁﬁ)@ﬂ@ 548818 }To@;%'é' by ddetay \bﬁu%‘%@[@(‘ ? la(ﬁtalf?t 7 OQE%PCI Qnyto the
operator's i's. inparts unpieasant fee e opefator in

hi s oper &t al rand g*ﬁf‘%"l‘ﬁ\}ﬁéﬁﬁ(’dhoﬁa%‘%‘é’éh Wade fod %@Fh?l“ﬁ@‘st%@‘vabove

descri bedicmeotnloexrmgﬁnfa the @riverthar fimbhl ia$ Bth ORIech 86 chiheihnyERLIi on to
provi de q)qgﬁpﬂﬂngd a_device for controlling a ji'b crane which are capabl e

of prevent| ng sway r%(ffl&f“ a hanging |l oad and vibration of a nast of a crane
while elimnating a delay in actual operation to an operation command given

by an operatofy,,Bans f19f (30! Vk@%]ﬂbﬁifﬁOtﬂa%@open Publication No.
2005-67747 provides a method and device for controlling a jib crane
which can achieve both position control of a load while swaying of
load is prevented and prevention of vibration of a main body of a
crane caused by crane work and also caused by disturbance caused
by outer factors such as wind and earthquake by only operating a
conventional motor of the jib crane in response to a desired
command of the operator using a two-degree-of-freedom control
system in which feedback control and feed-forward control are
combined,

Summary of the Invention
The prior art crane control was limited to the control of load

as shown in the above cited Japanese Patent Application Laid-open
Publication No, 09-315765 or No. 05-85698 or the control of sway of



4 for controlling a jib crane by calculating a linear fractional
transformation (LTF) expression of a | ower dinension nodel having regard to
variation in |load-rope length of the §%b crane and perform ng a feedback
control using gain-schedul ed control ich uses the calculated |linear
fractional transformation (1, TF) expression is characterized by steps of
pernmorimng |inear conbination of a feedback control conmand for perform ng
t he feedback control with an operation conmand from an operation | ever and
changi ng that irmgmemmhn\umenfrﬂe@d@hcke eotdd dlapeoramnt aaad; 1Ay loperiati on
conmmand pr.even var| | e ti0oR,C nogw t hst andi ng
varlatloﬁ%ﬁisf)h8n Jak elE%M0 eng?h &ﬂg%pﬁeﬁgbjhgnaﬁﬁCgQ¢§§?oad SBbe noved
to a targ@mlp@bpfpuﬁun.oneC@ﬁaadnﬂn®nm&$weslmfm®wamd1ﬂ@mveenﬁwmymang ajib
crane wWhef;gkRiion Bf @Hg'(}ﬂh%'} (Eioi di@%cpﬁ“ﬂegnll @nﬁJ\)%' "hjithttl?l% [atiQ between
t he feedback congrol nd he operation s changed between
an operat*@ﬁ‘é?@&hﬁh€¥ Hl%b%#ﬁﬂrﬁﬁbédﬁhﬁwﬂOﬁﬁéﬁiQhe operation lever is
applied and an area outside of the operatlon area where the operation
command. is n ides, a jib crane.control device
conprising ro §f|85n8P$%VH§ ﬁ%ﬁﬁs ?LP ﬁ étﬁﬁf‘ %blﬁiﬁﬁltﬁ% {iP%tane and
derrickim@nﬂﬂmannguahanﬁnﬁmfoﬂﬁrﬁlukmmgessaeyiohp1@¢mmm)£mdhbamennng) t he

J1D of bRyl &l PARCDATA AL 3RY BN GBI b8 ayjon N b BLALR et ect i on

means for detect Fotationang erricking-
angl e of MHeoRhvha P@ﬁﬁiaﬁbl‘éﬂ@ﬁfmﬂo@d pwxmlgglmemtﬂmlmchh@ir@sn body;
an_oper aty Qﬂbbﬁiﬁ%ﬁl f;ﬁfevla%ﬁf(ﬁ{n&lé‘\gxc@%@% ho%a A IRK1 PG %M&hﬂlhg and
hoi sting a Jdower nﬁ e(’vJ | ever getectipon means capabl e of
detectln@“Ebf Ofloft B HIHéP? Pﬂﬁ@“%fpﬁﬁé“ﬁPB' Al ﬁﬁ@oéhﬁom ring of
t he | oad deerforimed by xepanat kom: of nthes Operat iohatevecal@ndforming
controll ;mqﬁrrpri sing a feedback control system perform ng gai n-schedul ed

cont rol ch uses a linear fractional transformation (11, TIF) expression
of a | ower dinension nodel having regard to variation in previously i nput

| oad-rope |enﬂtshzm @9%}?}#! ggaﬁ 3?19”1?'0@6‘“ O quﬁﬁlooﬁgﬁ; (Q)nn Jbi?n ,performs

i near c? ﬁ ack control command cont r ol
syst em W Jtoh 08 er‘}altﬁ'ioﬁ‘%‘ofﬁnajn@?f?%%ﬁ thé“Plé\/eAPd)étfétiﬁ)]@)n]rﬁéén@{){aﬁd changes

the rati @digtwegont e fg@dba@k’%@@nﬁ £9Iheommanddandothe opgkatken;gommand:
said ]Ib grane cont r.ol evlce bel{]ﬁé able of preventin varlatlon in the

posi tion "6t PHEPPSSHE HOtWAHRTOAEThGS var PRt FOR ENCPRET GAEF BBl 8ngt h and
t hereby énabldmy viheatioadot 0 thestrouetet ahart as gee posiidong control

of the load. Hence, prompt positioning control of the load in
response to an operator’s command cannot be achieved and, as a
result, delay is caused in actual operation to the operator’s
command and this imparts unpleasant feeling to the operator in his
operation.

This invention has been made for solving the above described
problems of the prior art. It is an object of the invention to
provide a method and a device for controlling a jib crane which are
capable of preventing swaying of a hanging load and vibration of a
mast of a crane while eliminating a delay in actual operation to an
operation command given by an operator.

Means for Solving the Problem

For solving the above described problems, a method of claim 1



Advant ageous Results of the Invention According to the nethod of
claim1, in a nethod for controlling a jib crane by calculating a |inear
fractional transformation (11, 11F) expf ession of a | ower dinmension nodel
having regard to variation in |oad-rope |length. of the jib crane and
perform ng a feedback control using gain-schedul ed control which uses the
calcul ated linear fractional transformation (LTF) expression, there are
provi ded steps of performng |inear conbination of a feedback control
command ffor penfiosltimg hheilf eedhackbgonhiallawiif an lopegatfrertoomiand from
an operat,, .ever and ghapging rati.o between, t he feedback control, conmand
and the oﬁﬁggask%olﬁaég%}mﬁdﬁgg Sgp%gésﬁ )élveon[t a\mﬁ‘%ﬁ oh PAMCHY! pgé(?‘f@rlon of

| oad not vika higxzaneg med varyatipon m tlthedhoad: topeth efighle ahd:maler eby enabl e
the |oad §g-fhgmaRyed I‘te@dﬁahﬁr(gﬁftrgﬁsdstih Ne 2 iNQLREALEe d RY% nTRKI Q\gni?ﬂd using a
command of the _.contrcil ?y_stem by changing the ratio %etwe,en t he edback
control cbiffandtandcalkeldiset adbredr ogé@(aftlpﬁﬁlcdﬁﬁé}ﬁﬁoﬁlﬁaiﬂﬁ@ c Shtand

obt ai ned dwpildspeat ¢onbhnabicpniabdt ey f gedbackfconiiiobrieommnityang t he
operation, Cr?mn"d saj.d L@e%] ac_% c‘on;r‘ 01' bei ngﬁgerfgr med. f or, pre enting
sway of t1é&"?0H "Sﬂdo{)r% NEPRGSvicBPat S o OBF™ 5P B¢ B oIt g an

exi sti ng fmotlbackwhichipér fvothsam odati adnoandoden a i dkfingn ofint beejatiohavi ng
regard tq, H.ope.] engt ontral .caneb e | aw

oper at or'qgwgg éﬁ‘??‘éﬁﬁ@gﬁ%ﬁg&g’ngﬁqﬁéeg E’ggu?(&%bp(@r%gﬁ F{’gkﬁ‘ﬁgﬁt@?“{‘ﬁgﬁ oad can
be made vttt ‘ﬁ'lféa%iwtatf@él t iy v Bpéep aflb oho vl $ee1pr elpent fivgr vinbrthei on of
the jib gf@RgonShNEEad bt HivBIALERR A ¢ & dyi BriGhale (&an L&1-PEEY aRLedLW t hout

i mparting ug%ee}‘s}gntn f |)I7Ii1% ];o, {]he oper at %r_ conveying of |oad can be made
qui ckly retfhrAFEERY G adile| ok 4t 80 HEer e (thar e ehatae i BRmi-ci ency can be
i ncreased. Further, prevention of vibration can be nade al so agai nst

di sturbance c i de factors such. as;strong wind and earthquake.

It is unnecesgg?%qt%B‘{)ﬁ?g%}(?%’egénﬁg}é\}%?%}_éf)%lgj)n()J'%}rne%véirf?P Shadévy gé}"a]ﬁ}d t he

devi ce ofint hédpiiegert ifmventdohnednibeclappl i edikasihyiot beaweexi shicng jib
crane.  food PRERNAINYol @ohilg o RL had Jif(f 0 ;E!Ea%%'m' LG RahiPi CLANG Qf cl alm 2,
the ratig between the feedback control command and. the operati B_n command

i s changed'Béthedn AMCToPeratdi e whed evikdetr ereratiopet aimoan e dirEndber om t he
oper ati ompleevelon Sewappld gdpERd andanearOltsided Obfthe gretatd,pArasrea where
the operation ({;ﬁrmand‘ s not aggl |ded\. Accor Lngl y, the operator can nake
oper at i on LN o {HbFEVEd 2 preisBAt #Pd8t g of operati on.

According to the jib crane control device of claim3, the jib crane control
devi ce conpri - rotaat j dri.ving:. ns.for. rotatipg a jib of the jib crane
and der - ccKki ng?glrrpvi%gﬂ)?r@alg%sf or %égfﬁlgﬁieng(‘otlﬁgég% [ @8\6] ’ejt H’é”ﬁ'l?b]‘sé?%ne, and
further &8hprpgesiriving jipesnat boetodetiom aerhs of othadtilectimye atntleast a
rotationdangl&igl tAedih &cder i fki NgepRgken ot Ghe | Lbis@Rgsanghg of |oad,
and di spllaceqent) Olf& Cr. ang galnb body; an gpergtl on | ever "for performng
rot ati on QWG HRSY FRETHY OB hEHED SR BD AP 1HUILEF 1496 ARG OMBNEIEIRG of the | oad:

! g\éer get ectigb s’eaaigsl(kmeaﬁloﬁ @r}@e@ﬁ% eJ%@tl-i G_gté@){%ﬁ@i gg %@@tdgl’f@@%ﬁ@@f of ht he
jib an i,sting.and,l owgring,of the |oad per.forne opger at | on t he
oper at i o%%l%ée()??thaenﬁb’ aw%eb“ Ehe e gt e @g}‘}g? i@’n@“&?”ﬁé@d@i‘l@%oﬁ ol system
per f or m Mgspkioensehediicedneantiinlbosiich uses a |inear fractional

transformati OQH(H@MF?&;}WI%%%%S;% r glb.iemﬁr. g{)@qgjﬁg&]gn@eeﬂri%\ﬂﬁ%fr egard to

variation in, previously inpu . ngi a linear ¢ i'nation
control $Bevilonaudilesistimean dokrwerime pf hbardoedibi nation of a feedback

control commengd chr ABtkbRicheadbask coptaidk sYsHemMihd 3Q¢Rpenati,ep command
fromthe .l ever . . - .
de¥ricking of the jib and hoisting and lowering of the load

performed by operation of the operation lever; and

a controller comprising a feedback control system performing
gain-scheduled control which wuses a linear fractional
transformation (LTF) expression of a lower dimension model
having regard to variation in previously input load-rope length,



7 detection neans and changes the rati o between the feedback control
command and the operation comand: said jib crane control device being
capabl e of preventing variation in thes position of the |oad notw thstanding
variation in the | oad-rope |l ength and thereby enabling the |oad to be noved
to a target position. Therefore, by meking and using a comrand of the
control system by changing the ratio between the feedback control conmand
and the operation command by the operator's operation of the operation

l ever in ahé golmend. cobbanneidrbyohitnelrsecomn nahidn wfridhe sf techack

control compid, and Lhe, Opeeercﬂ)tdc?pn mpgzmﬁ | 4, & egdlack, cont, t %ac?e' ng

performed for [)reventl ng.sway O freventl ng vi |on of the
mast by coORtiEel By akeraivEl 8iaReimst ok ool Bnseroo mber@waumneahdn

der ri cki nge@hist hend i bhfa@\gie@g n&@yamlbo H&%A&ﬁdm@p%é@wﬁb csﬁwol can be
made fO"OWg& Cg d0 ratio §:onman he operator's operation of the
oper at i orf TRPE QA% (’é’pr‘éé Qr L%@é’i}tiflém ng of the |oad can be made with
pl easant feel isagd ofibopesat:i oon whill elopliﬁyeimm@ adprtdel ol pfetdietipie. b crane.
Si nce vi I eyen artin

anpl easaﬁ{zﬁ%a@{hnqnaiﬂé ﬁog 0§ é:ianhbcoﬁid no Lg}svgd(’}g]gn@aﬁgﬁénh%%gnqui ckly
regar dl esd Oaskitppeéengtﬂe a@pbf}aembwmgméﬁ;wg/\bhk led ditoi lenoyoaht be

i ncreasedarEUE thREsioRr evention of vibration can be nmade al so agai nst

di st ur bance caused by outside factors such as strong wind and eart hquake.

It is unnecessary to provide a new vibration prevention device and the

devi ce ofAdhenpigesend Radvend bOnhedm gitappl i ed easily to an existing jib
crane. Preferred Enbodi nents of the Invention Description will now be
made about preferred enbodi nents of the invention with reference to the
acconpanyi ng diawindgisig to th Gumetthiosl afbldekndiagriam of neetbont riok syst em

of one. enadiannt. of, the TRuhad ang apRanAlYS ! OF conbee! 10g.A JAP or ane

accordin nvent i s nmade
of a feedBABRIGEARFIGN sé}s]tlé}n e8P AP gain-oe chBethPI\fetd conteo bl(h“awmgiodegard to

vari ati om 4+Anleopgk 4:9P€y kengh NonThi ${)£§%%@Ckmlﬁ}ﬁ$}t gm; H@i i Aunct i Jng@ of

preventin and vi brati.on i sturbance cause outside factors.

A feedbaé’g i%]ﬁ%l?%% ‘%Xﬁ% ﬂ“ll(é(’lr’ithét\ﬁjlbﬂl“%d%rﬁinné i/\ﬁ%t‘ ‘@aﬁoﬁﬁ)é(ﬁat"l%ﬁ icomuand

by an opercaalsoriisoopezﬁatxlcumdof haﬂnﬂ’pelfﬁicli@dﬂnhbveﬁ ané«uhhﬂ@ﬁﬁf()ncoﬂbil‘mat' 0”

operatio c rtlo twentheet . conman ., the
r?zx )?%L;%nl ha{}q ovaéilg §t of Ve p8 ath B O BN d 1n§3ﬁ\1

f eedback ntro and t hie" op
accor danééﬂvblﬁwtml@t el Oh‘ f@pébatkonontl(ﬂheomp)eaadl 6ow | pnefio xroBy et hhs

arrangen‘?@&db@ci@%iﬂ@ol y%b joice %JEIJ%%&Q tJ]nﬁlé)IP%rﬁto?r{ §1i1 @[%Iaadl&q comand

and p05| i oni carried out
pl easant ?\é‘é‘l ﬂﬁjf&ﬂlaéﬁ’éﬂét roko hphveed the tisedbpekatontrol compmandi s
enbodi ment,d sihice i altﬁ)rﬂecﬁﬁﬁﬁ?dn’dt 9 r@@' ‘éozei)ttef%%nfie%@?&ﬁoﬁonﬁr PhesSystem as
a gain- schegtuloed‘%ﬂececg d control system for ir i.cking and rotational
di recti oS, a%8i tpl ¥ \S/ECH? 8 YantdPnsiys B log b@%%@agw usi ng,
in each dllmied,&uomnbyaosehhﬂwhmdomided) 1 bemeivialf tterareéﬁgéteq)ds@u@sl "LIFT
nodel " I C tr nsfornat LFT
ot ), SRR PSR 0ol IO 90 SIS
Appl i cat b@’nclmnalro@éhemulpdmhvmmm el\lEi:etﬁt&Gﬁi- 6FTLT). (ommand and
the operator’s operation command in the command obtained by
lineax combination of the feedback control command and the
operation command, said feedback control being performed for
preventing sway of the load and preventing vibration of the mast
by controlling an existing motor which performs rotation and
derricking of the jib having regard to the load-rope length, control
can be made following the operator’s operation command and, as a
result, positioning of the load can be made with pleasant feeling of
operation while preventing vibration of the jib crane. Since



Such control of a jib crane can be achi eved by nodeling, design of the
control system and verification based on actual noving by an operator (see

t he above cited Publication No. 2005- %7747)' Qutline of nodeling based
on LFT expression having regard to | oad-rope length will be described
bel ow. Properties of the object of control vary dependi ng upon

variation in | oad-rope length and such variation in the properties is
expressed by a nmodel suing linear fractional transformation. This nodeling
i s made wibkatespest 4 ojibachaar ketuh iof pimweaﬁl@dﬂgwi&@nld_imbaﬂm@ havi ng
regard t iatiansin. 1d-.H0 lL.engt h and thereby;modeling a tower crane
by LET o Bl M 0 Egn%hq%ﬁ@ﬁaf% R R 1 BB Rk e eh 2 ontr o
syst em i sTwigdidy owigprdi¢sd phekaldofi the opeot trecdssarly twréaefiécidnser et e
di st DULION K 1ADR LR T Oy sYRESTY AL dd (76,281 Wb B 06288 O o TRARL! Y Lo a
paraneter variation (i_,ys_t eg1 ut \)ne of es_@‘gn_ of the feedback control
(gai n- sctddal aridst Histyr8puremauseas by opviige TactorpypusdopsiTigonre _
gai n- sche\ﬁlmdadﬁg@ntcraodthsacfsﬂ«.em1I ac%ori@ rtgrlua@ce/yﬁla@b ]Etlae pbmt&ael |a§‘rnf3\k*ﬁn9_es in
accordance,w th variation_ i .oad-r op ngt h, a.feedback contro avi ng an
excel | ontvibr reor Brepinbn St TiRe SrBgiaionh Chica by LR aPbance
caused byasubsiaep ffiadtearsslis te mnasxwitdg gitd ceanthquake and al so an erroneous
operation by an operator can be achi eved regardl ess of |oad-rope |ength.
The above descri bed. nodel i ng and, manner of designing the control system
will be descri¥sedrimiéy dhe wetbad vpdemteelling Dibi ceanronl sfaim 2,
three- di marsionalbdmeRin @e feedback control command and the operation

command is changed between an operation arca where the

operation cornmand from the operation lever is applied and an area

outside of the operation area where the operation command is not

applied. Accordingly, the operator can make operation with further

improved pleasant feeling of operation.

According to the jib crane control device of claim 3, the jib
crane control device comprises rotation driving means for rotating
a jib of the jib crane and derrvicking driving means for derricking
the jib of the jib crane, and further comprises

jib state detection means for detecting at least a rotation
angle of the jib, a derricking angle of the jib, an angle of load, and
displacement of crane main body;

an operation lever for performing rotation and derrvicking of
the jib, and hoisting and lowering of the load;

lever detection means capable of detecting rotation and
derricking of the jib and hoisting and lowering of the load
performed by operation of the operation lever; and

a controller comprising a feedback control system performing
gain-scheduled control which uses a linear fractional
transformation (LTF) expression of a lower dimension model
having regard to variation in previously input load-rope length,
and a linear combination control section which linear performs
linear combination of a feedback control command from the
feedback control system with an operation command from the lever



A three-di nensional nodel of a tower crane is shown in FIG 2. In the
figure, reference character 1 designates a mast, 2 a jib, 3 a load, and 4 a
rope. Definitions of main synbols wills be given bel ow. X:1 : absolute
di spl acenent of each portion of the mast in x-direction, yl : absolute
di spl acenent of each portion of the mast in y-direction, v derricking angle
of the jib, 0 : sway up angle of the load in the derricking direction,
angle of rotation, sway up angle of the load in the rotational direction, L

| engt h dfterhmyj ibeals Ieem:gtd‘hﬁ)ﬁflgehetm@adatiopé)etkﬂedérx tlendtele ddfackhe mast,

10 W) ; +0f cBHﬁnhhla’ alf oh er;’rgﬁg ;f’ifmﬁhg) rolt a% gMa mass of the rotation

frame inc i ng tors for ion and gantry, it t;
equi val ent spﬁﬁh@ ﬁbn@t ane efnird oxﬂ@mﬁ regigicorcarsdel, of, preegulivgl ent

at t enuat i\ofvigenst anteef pb@ﬁtlbﬁv‘@fr tHérl%'aﬁ' ﬁ@tmq{%ltanﬂﬁngg Qé\ﬁ%'t gmgnt of the
hi ghest p rt on, of the Irection di sp] acenent of

errickin
the hi gh FORC dPNRF %Qih?w%pprﬂghlﬁgﬂa? #@%@.L@Hﬂ@aﬁww%m aangl e
directionarget pa)rsgtlienof ﬁﬂleemﬁ@kenquﬁain)ﬁgmrm Wisi g @ottth el oh @ ok whse
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di rect i omongurangt @wi &hi onair sdcee| @mationd by th@he aritgils ofexation
coordi natgs {3, a§1§é~'1”§315|o¥1 l@‘%ol()(?ﬁt elqll(,at 4 %ﬁrﬂﬁghﬂﬁ% 1?8{1 b(}f' ﬂtnotlhe mast

and the follow ng q% arerra
di sregar (fé’é“bmduon ﬂﬁ‘brcﬁfﬁ b‘hl éﬂmfﬁéﬂﬁaéiﬁl%héhﬂp@ %féﬁél dered to

be very s dsd dbﬁﬂﬁ@[@bd@@ck contiol EhﬁiM(tlfb%rﬁﬁﬁlfﬁ?dpi@&ﬁ Rased on
4part|cle m)det ]nonléiparalelldlr ction,in ﬁlane %)Thejlb
is assuned’ 4% Be &P JPac DreveRiing, niif! C‘%‘Hér Qf:té fstl‘il%}%t Ythe jib

supporti ngntoplding dirsr egasided andtot ivehadsupedidias iroputiohor gud only is

applied dideehly ot 9 tRE i1 B LQfinkCed i to the load-rope fength, control
can be made following the operation command by the operator’s
operation of the operation lever and, as a result, positioning of the
load can be made with pleasant feeling of operation while
preventing vibration of the jib crane. Since vibration of a jib
crane can be prevented without imparting unpleasant feeling to the
operatox, conveying of load can be made quickly regardless of skill
of the operator whereby work efficiency can be increased. Further,
prevention of vibration can be made also against disturbance
caused by outside factors such as strong wind and earthquake. It
1s unnecessary to provide a new vibration prevention device and
the device of the present invention can be applied easily to an
existing jib crane.

Preferred Embodiments of the Invention

Description will now be made about preferred embodiments of
the invention with reference to the accompanying drawings.

FIG. 1 is a block diagram of a control system of one
embodiment of the method and apparatus for controlling a jib crane
according to the invention.



Kinetic energy Th and potential energy Vb which the jib has, kinetic energy
To and potential energy Vo which the | oad has and kinetic energy Ti which
the rotation frame has are respectively cal cul ated and then equation of
notion of the crane portion including the rotation franme is cal cul ated by
using the foll ow ng Lagrange's equation [th.ger = Kix, Qyl Qu,Ottsl O

In this equation, Qu is a coefficient which arises geonetrically with
respect to the supporting rope. The nonents M, and. My about the axis yr
and xi: of th@hﬁsamb<punni@nnar@lspﬂuﬁntﬁﬂnbyd@nﬂ“ﬁk&ﬁﬁk@mkoﬁoﬁtmﬁight beam
to equival 0 r n h I e | ghest
port?on % %@%Hlﬂ%§:£§%1ﬁ &gﬁuﬁ%eﬁi OHEMﬁW@%le FFQP@ 9d dl#ghéﬁts whi ch
are commpatloraife kqeiti.on Bhisothedbatkt Iseshest baSe@ IMH@Oﬂ-gértlcle

spring- mﬁ%v@ﬁm §%%tyer9@& ey Addad, &nd conhi Qﬁgtuﬁ%ﬁb@r@a&%‘@' 95“ ng _that
the sway ang “f ? t he Igg? '%ge Is small, sin O ﬁps . sin 851 (3) By
convert i MgtiEHES Trgtors. ecedback control command’is linearly Lombum
with an operation command by an operator’s operation of an
operation lever. A linear combination operation section changes
the ratio between these two commands (G.e., the feedback control
command and the operator’s operation command) in accordance
with state of operation of the operation lever. By this
arrangement, a control is made following the operator’s operation
command and positioning of the jib can be carried out without
delay and with pleasant feeling of operation imparted to the
operator,

s

In this embodiment, since it is necessary to vealize the
feedback control system as a gain-scheduled decentralized control
system for derrvicking and rotational directions, a simple and
convenient control system is designed by using, in each direction, a
scheduling model (hereinafter referred to as “LFT model”) based on
linear fractional transformation (LFT) which was formulated by
Packards et al (see the above cited Japanese Patent Application
Laid-open Publication No. No. 2005-67747).

Such contrel of a jib crane can be achieved by modeling,
design of the control system and verification based on actual
moving by an operator (see the above cited Publication No.
2005-67747),

Outline of modeling based on LI'T expression having regard
to load-rope length will be described below.

Properties of the object of control vary depending upon
variation in load-rope length and such variation in the properties
1s expressed by a model suing linear fractional transformation.
This modeling is made with respect to each or both of derricking



Sinl)COB!') sin!) =v, cosji -= (205 v 5 70 (deg)) (4) the follow ng state
equation is obtained: 12 td= Atd(l), 11)0 ) )(1)11) A) 171).1)Xtd +Btd(v,
a, 9,6, c¢,1.0 usr (5) where 9

and rotation having regard to variation in load-rope length and
thereby modeling a tower crane by LFT expression. By this
modeling, discrete distribution of the control system is made only
off line and it is not necessary to cause discrete distribution of the
control system on line as in the case of modeling to a parametery

variation system.

Outline of design of the feedback control (gain-scheduled
control) system is as follows:

By adopting the gain-scheduled control system according to
which the controller changes in accordance with variation in
load-rope length, a feedback control having an excellent effect of
preventing sway and vibration caused by disturbance caused by
outside factors such as wind and earthquake and also an erroneous
operation by an operator can be achieved vegardiess of load-rope

length.

The above described modeling and manneyr of designing the

control system will be described in detail below.
Modeling
(1 - 1) Derivation of three-dimensional model Q

- A three-dimensional model of a tower crane is shown in FIG. 2.
In the figure, reference character 1 designates a mast, 2 a jib, 3 a
load, and 4 a rope. Definitions of main symbols will be given
below.

X1 ¢ absolute displacement of each portion of the mast in
x-direction, yi : absolute displacement of each portion of the mast
in y-direction, v :derricking angle of the jib, § : sway up angle of
the load in the derricking direction, {: angle of rotation, W sway up
angle of the load in the rotational direction, L : length of the jib, 1:
length of the load-rope, 1.; : length of the mast,



Xtd= [X1, Inv, 9, (,1P5 X2, X3 ) X 47/Y2)Y:3311i th10:11.)2 31th4 0:12

113)..41111T The anpbunt of observation ytd is expressed by the
fol l ow ng output equation: ytd C4Xtrp (6) 2) Derivation of the control
syst em desi gn nodel For perfornlng a decentralized control in

derricking and rotational directions, a |ower dinension nodel for designing
a controller in derricking and rotational directions is derived in the

foll owing manner. FIG 2(a) shows a | ower dinmension nodel in derricking
dlrectloh“%ndnﬁﬁ@ﬁﬁﬂ&gﬂ hoWis an&&mefthedead;hh;mmhﬁsoﬁthe&atanma

directi Onflam@ﬁﬁcf@(ﬂ%%n%t%M? O ey %qlnw L@éﬁuﬂm gggﬁegch The towver

portion i's assumed e an equi val ent article system di rection
only is con§fHeYRiEnippPoimy G gtaat] ehda i )Vé@hsdié?@@@%lmlﬂn readhl.dicr ecti on

only. equivalent attenuation constant of the lower dimension model, x, °
displacement of the highest portion of the mast in derricking
direction, vy, displacement of the highest portion of the mast in
derricking direction and right angle direction, v , @ angle of
derricking of the jib with counter-clockwise direction from the
x-axis being assumed to be positive direction, us © input torque in
rotational direction, u ! input torque in derricking direction, g

gravitational acceleration

The origin of x-y-z coordinates is assumed to be located at the
highest portion of the mast and the following assumptions are

made,
a) The mass of the rope is disregarded.

b) Torshional vibration of the mast which is considered to be

very small is disregarded.

¢) The mast is assumed to be based on 4-particle model in only
parallel direction in the x-y plane.

d} The jib is assumed to be a rigid body.

e) Dynamic characteristics of the jib supporting rope is
disvegarded and it is assumed that input torque only is applied
directly to the tip of the jib.

Kinetic energv Ty, and potential energy Vi which the jib has,
kinetic energy T. and potential energy V, which the load has and
kinetic energy Ty which the rotation frame has are respectively
calculated and t.hen equation of motion of the crane portion
including the rotation frame is calculated by using the following

lagrange’s equation



The equation of notion is cal culated by Lagrange's equation (2). As regards
the | ower dinmension nodel in the derricking direction, linearization is
made by designating input which balanges with gravitation acting on the jib
and |l oad when the jib derricking angle is a target angle Uas/1, deviation
between the jib derricki.ng angle v and 0' as snmall angle ¢S and a control

13 input which conpensates it as 6 ". As a result, the state equation,
anount of observation and output equation becone A .(P 8v, dv, , +137.(P ,
6v, 5.1i, 0,6,t) Sv,(7) Yr61),9JT = Crx, (8) where As regards the

| ower thni enson nodel i on di riol on., linearization simlar to
the equation (3) |eads Ci_%s} §£ qP M)Q;ll)a =1,...6 (1)

T =Ty 4T, -+ T¢, V = Vo + Vo

9= [QI’ P QG}T = {mlayla ¥, 9: C?q/)}T

Q e [Qw:@mQuU,O,UMO}T

In this equation, Qu is a coefficient which arises geometrically
with respect to the supporting rope. The moments My, and M,
about the axis y» and x. of the crane portion are converted by
modification of straight beam to equivalent outside forces Qy and
Qy which are applied to the highest portion of the mast as

Qp = »«--«-~M LY

e = o Gy = = M, 2
2L Z}Lg d ( )

Further, mass, attenuation, vigid elements which are commmon to

the equation of motion of the mast based on the 4-particle

spring-mass-damper system are added and combined. Further,

considering that the sway angle of the load-rope is small,

sinfl >~ 6, cosf 1, siny =, cosyp =~ 1 (3)

By converting this to

sin y COs
SIN YV =~ . V, COBY =2 o o (4)
I/ Y.

(20 < v <70 (deg))

the following state equation is obtained:



+B3 (Yr

1 c4;11u5(9) Vs = 1?)r)(-1 OrCsXs(10) where xe

=[Yr)()IP)11. 1r)ribir In these equations, xr and yr are relative

coordi nates regardi ng angle of rotati (, of displacenent xi and vy,

of the

hi ghest portion of the mast and can beé obtained by 14, + cos(( p)(11) Yr
=1..;? +y sin(( p)(12)

fbtd == Atd’.(ya l;'a 97 é: Cv é} (L/)‘) wla 57 éa E‘)mtd
+Bual,1,0,0,(,¢,0,9, L,L1) [uu]” (5)

where

Lyd = {mlaylvya 87 Caq/)s Lo, X3, La, Y2, Y3y Y4y
13 L) 3 . . '. R . R T‘F
5&133}13 Yy 93 g) Qibs Lo, T3, L4, Y2, yfiuyé]

The amount of observation yuw is expressed by the following

output eguation:

WYig ™ ["E.T. s iy ﬁ-; (:s?,b}T = (jf;dmtd (@

(1« 2) Derivation of the control system design model

For performing a decentralized control in derricking and
rotational directions, a lower dimension model for designing a
controller in derricking and rotational directions is derived in the
following manner. FIG. 2(a) shows a lower dimension model in
derricking direction and FIG. 2(b) shows a lower dimension model
in rotational direction. These models are made on the following
assumptions:

a) The tower portion is assumed to be an equivalent 1 particle
system and each dirvection only is considered.
b) Sway of the load is considered in each direction only.

The equation of motion is calculated by Lagrange’s equation
(2).  As regards the lower dimension model in the derricking
direction, linearization 1s made by designating input which
balances with gravitation acting on the jib and load when the jib
derricking angle is a target angle ¥ as 1, deviation between the
jib derricking angle v and ¥ as small angle § , and a control

o



(p tan- 1 ILL) (1 3) Derivation of :Ertl expression to variation in the

| oad-rope | ength For designing the gain-schedul ed control system using
1...1r11, an LIFT expression of a |Owﬁ§ di mensi on nodel using the | oad-rope
| ength as perturbation is obtained. There is a nmethod according to which
nodel perturbation is taken out in the descriptor formand then is
converted to an LET expression. |If such transformation is applied to the
derricking direction nodel equation (7), perturbing paraneter nunber
becoges gina:nd; wmchateailgmllmt\fﬁhe @ﬁi ma.scr:mhfe@ialxséumrltlf@ktea-ms(i@ﬁmiilan§ol ution
can be o ined nmore_ easi.l en the nunber, .o araneter is smaller. For
this reas%lﬁ,ouglgr?q\[/)%kﬁ%ﬁ ‘l&fglt@@dq%é]é}ltﬁqﬁa%%nf 8t Shown and
transformation to an 11, 11' 91 expressi.on,W:l] :-be nmade by using this nodel.
In the fol | owing descri pt4 6n,At A &ﬁp&h@i@eLl@F%%f Nand Mw |l be
expressed as N (r)M Matrixes Ar and Br of the equatd on. (/) .respegjively
becone a of /;,6)/,0, 1, functi onV\hen%—E.»,-(ﬁs(Sngéétj ﬁ,(@,i, lap;;d}?f'i c a@t e v of a
jib, (SuAlv610,1)/ are respectively made 0, and only the | oad-rope length 1
is considered, a factor including the termof 1 in the matrixes AT and Br
varies by variation of the

Y, = [z, 00,0)" = Cray (8)

where

2, = |20, 00,0, 2, 00, 6]

As regards the lower dimension model in rotational divection,
linearization similar to the equation (3) leads to

is = Ag(ye, G, C,10, 1, Ly L D
”{"Bs(ry?‘agnéﬁlmqp‘wlajﬁz) “’3 (9)

Ys = [yr, ()7 = Cuae, (10)

where

By = [3}7"1 Cythy Ury é# ?/-)]T

In these equations, x, and y, are relative coordinates regarding
angle of rotation { of displacement x; and y of the highest portion
of the mast and can be obtained hy



15 load-rope length I but, in the present case, only variation of eight
factors which vary largely is considered. Wen the (6, 1) elenent of the
matrix is designated Z, the other varyhng el enents can all be expressed by
a fixed nunber of tines of Z as showm In the follow ng equation (13):
coast, In this manner, matrixes A and B in the case of
can be expressed by the paraneter Z
t hereby can be obtained: A(Z)B(Z) th (A0
where Ao and Bo are matri xes obtai ned by
~ratri xes A and B, and A and Bz are

(2) 8

variation in the | oad-rope length |
only and the follow ng LP nodel
-}- ZAz)x + (Bo+ ZBz)u(15)

removi ng varying el enents from

mat ri xes which. consist anl y= qf a;.‘;bqi @l{@(ﬁrqgsmoff)) Z. (11)

Y = m\ﬂ,f + y¥ sin(¢ ~ p) (12)

~1 ¥
— tan—t
(p an asl)

(1 - 3) Derivation of LFT expression to variation in the load-rope
length

For designing the gain-scheduled control system using LIFT,
an LI'T expression of a lower dimension model using the load-rope
lengih as perturbation is obtained. There is a method according
to which model perturbation is taken outin the descriptor form and
then is converted to an LIT expression. If such transformation is
applied to the derricking divection model equation (7), perturbing
parameter number becomes 2 and, for design of the gain-scheduled
control system, a solution can be obtained more easily when the
number of parameter is smaller. For this reason, derivation of
LPV model will be first shown and transformation to an LFT
expression will be made by using this model. In the following
description, the upper side LFT of N and M will be expressed as

N @M

Matrixes Ay and B, of the equation (7) respectively become a

function of P& d1,6,0,111 . When ¥ is fixed to a specific
angle v, of a jib, ov, b, 8, 0,11 are respectively made 0, and

only the load-rope length I is cousidered, a factor including the
term of 1 in the matrixes A, and B, varies by variation of the

13



Assum ng that the jib angle if ,, is or--45deg(16) 16 which is a mddle
point in the novable range of the jib and the varying range of the

| oad-rope length 1 is [0.5, 1.6] r’r(17)15the range of Z will becone Zi
117(18) . 6 72 9 10, Zniax 5. Z'rs calculated fromz2 6 . 7 6 6 /
1(19)

load-rope length 1 but, in the present case, only variation of eight
factors which vary largely is considered. When the (6, 1) element
of the matrix is designated Z, the other varying elements can all be
expressed by a fixed number of times of 7 as shown in the following
equation (13):

A= o (13)
. . . . P1
Pz
& paZ  pad  psZ < pprd |
T —
B(‘g} iy I: . . . . . 3383 (j[g)

D1y Pg = CODSL,

In this manner, matrixes A and B in the case of variation in
the load-rope length 1 can be expressed by the parameter Z only and
the following LP model thereby can be obtained:

A(Z) B(Z)
& = (Ao + ZAz)z + (By + ZBy)u (15)

where Ap and By are matrixes obtained by removing varying
elements from the matrixes A and B, and A, and B, are matrixes
which consist only of coefficients of Z.

Assuming that the jib angle v ,1is

v o=45deg (16)



by using the | oad-rope length 1. Assum ng here (20) A" A" 1zZ"

A, (21) BB(22)
16

which is a middle point in the movable range of the jib and the

varying range of the load-rope length 1 is

1€ (05,1.6) m (17)
the range of Z will become
Zminéz-;‘;Zma.\: (18)
Zowiw=1.67209+-10' 7, .. =5. 353310

Z is calculated from
Z2=26. 766,/ (19)
by using the load-rope length 1.

Assuming here that

I AN (20)

A= A (21)
B,=R,+2. B,,
B,=6§,6 8B, (22)

the LPV model will be expressed as

= (A +8A))e 4+ (By+6B1)u, 6] <1 (23)
Assuming that
Ly € ROV R, Wy Z1] € RP3
according to the above cited Japanese Publication No. 2005-67747,
reduction of

(oA, B,] = [L,] X [R,W,7Z,] (24)
is made and the following LFT expression can be obtained:

A1,



the : LTV nodel will be expressed as x = (A 6A )x PA+ 62161 < 1 (23)
Assuming that L1 E 9116x 1, [RI W Z1] e Rlx" according to the above cited
Japanese Publication No. 2005-67747, rlefductipn of [0 ABij =LL.,1] X
[1:1W Z, 111(24) is made and the following Hui expression can be obtained:
17 y(k)61 itt(25)

y = S @G u (25)
where
An Li. -Bn
Go= | Wi—RiA, | ~RiLy Zh—-RyB, (26)
c. 0 0

A similar transformation is applied to the lower dimension model

in the rotational direction.
2. Design of the control system
Design of a gain-scheduled controlley

Design of a gain-scheduled control system using LFT which
can be carried out easily will now be described. Outline of a
manner of derivation of a gain-scheduled controller using LFT will
be explained on the basis of the Japanese Publication No.
2005-67747.

First, a generalized plant as shown in FIG. 4 including
perturbation of the object of control is constructed. In the figure,
0 designates perturbation of the object of control relating to the
load-rope length and A . designates hypothetic perturbation
mtroduced into the path of performance. 'Then, as shown in FIG,
5(a), mutual connection in which the controller has a perturbation
block similar to the object of control is performed. As shown in
FIG. 5(b), the perturbation block of the controller is pulled up to
the side of the object of control. Assuming that parameter data
can be observed on line, a controller which is stable to all § and



Asimlar ft ansfor m a 1;1 Onapplied to the I ower dinension lode]. in the
rotational direction 2. Design of the control system Design of a

gai n-schedul ed control |l er Desi gn;@f a gain-schedul ed control system
using LFT which can be carried out easily will now be described. Qutline of
a manner of derivation of a gain-scheduled controller using LFT will be
expl ai ned on the basis of the Japanese Publication No. 2005 - 67747.

First, a generalized plant as shown in FIG 4 including perturbation of the
obj ect of coptrol is constructed. In the figure, 6 designates perturbation
of the objfect“ofgadnrirpal el stlvng, to2theo koad= lope zl diigtatisiids A desi gnat es
hypot heti ¢ perturbation introduced into the path of performance. Then, as
shown in FIG 5(a), mutual connection in which the controller has a
perturbation block simlar to thezpljegt of control is perforrreégz. As shown
in FIG 5(b), the perturb&tion Eg‘crdr"of £h® controller is pull 70p to the
side of the object of cOtuneii: @élnuﬁg t hat paraneter data can be observed
on line, a controller which is stable to all 6 and 18 itsgain fromw, =

[wi), widyt 8@70%%%@{};3?%011\;%]@' ]%%V[lcglinear matrix inequality). Herein,
y > 0 1s a given scalar. The gain-scheduled controller is
expressed by LFT made of a perturbation block similar to that of an
object of control.

If the range of perturbation is taken as in the equations (20),
y does not become smaller in the path of perturbation than in the
path of performance resulting in a conservative controller. As
variation in vy has been examined by making constant wii, wiz
and wiz which ave weight functions to the mast, jib derricking
angle and load and making the range of perturbation narrow, it has
been found that the value of y does not substantially vary when
0 » 18 smaller than

5, = 0.18, (28)

From this, in designing a controller, width of variation is set to be

82 of the equation (28), though there is no security for stability of

the entire range of variation of the parameter. The controller will
be actually be made by varying the parameter within the range of
§ in the equation (20) and confirming that there will be no
problem by e.g., numerical simulation.

3. Experiment for verification by actual movement by an operator
using an experimental device

(3 « 1) Experimental device

An experimental device for a tower crane is schematically



sup< OotvieL2 Il 1111 (27) can be obtained by solving LM (linear matrix
I nequality). Herein, y > 0 is a given scalar. The gai n-schedul ed
controller is expressed by 'UT nmade ofga perturbation block simlar to that
of an object of control. If the range of perturbation is taken as in
the equations (20), y does not becone snmaller in the path of perturbation
than in the path of performance resulting in a conservative controller. As
variation i.n y has been exam ned by making constant wi | wl2 and wbi which
are wei ghthdwncin ¢H€:.t 8. t e jitagt is pobadel biycki ng aahgd enand Soad thed nmaki ng
t he range efru(%)l i re t@ n4 und, t t, the,.V l'H of y
does not efsog slt%an‘%i% 3{9 \grg?i&%vxﬁg\r@ %% h.{ g?sggﬁa} ‘g}rjlj'(t(%1agp?ﬁf'\%zdr:B bl.c%é,,?ZS) From
this, inwespyhiingthe cormrdia eervoingetorof Vhe rapedanigghsdia leadd 6z of the
equation {@8)stcHNOUGD NSRS L dNRHWEEW Wof@r 7shabid ¥y @f ok he Bntire
range of variation of the parameter. The controll eé ¥VI 'l be acéu_?l ly be
made by VEPYPhg fie'par eI Rt HifnthherpaRge P BOiK BhE8q0ktNen (20)
and confim@aisngstdatecthéns dishldee nton psohkera Byagdoy inntn@foedl ofianul ati on.
3. Experinment far verjfication by actual .novepent by ap operator using an
exper i rrerﬁ%lll Oc{.eé\},llélén &mgrs&@&;?%éin%% 1%‘%%1&!8@%01 t].()¥1 of‘t}?? r.n—asi, in X

direction and y direction and the detected strain is multiplied by a

fixed number of times and used as displacement of the highest

portion of the mast. As the displacement sensors 8 and 9, instead

of using the strain gauges, an acceleration meter may be disposed

in the upper portion of the mast and displacement of the upper

portion of the mast may be measured on the basis of acceleration

exhibited in the acceleration meter. Rotation angle { of the crane

is detected by a rotation angle sensor 10 in the form of a rotary

encoder incorporating a servo motor. Jib angle v is detected by

attaching a derrvicking angle sensor 11 in the form of a

potentiometer on the rotation axis at the lower end porvtion of the

jib. Sway angles 0 and¢ are detected by load angle sensors 12
and 13 in the form of potentiometers for dervicking direction and

rotational direction attached to the tip end portion of the jib, each
of the potentiometers being fixed to a fork which holds the
load-rope. A two-axis control lever 14 incorporating a
potentiometer is used as an operation device. Inclination angles p
up and o jp of the control lever 14 are detected and used as
command vales for derricking acceleration and rotational
acceleration. The load-rope length is controlled by operation on a
key board of a controller 15 (a computer for controlling).
Reference character 16 designates a linear combination operation
section,

For mounting the control system on the jib crane, the control
system 1s made discrete with sampling time of 4ms. Kun and Kap
in the figure are gain-scheduled controllers in derricking direction
and rotational direction. Reference characters rup and rrp
designate command values (operation commands) in derricking



19 shown in FIG 3. Ajib 2 is rotated by a rotating notor 5 in the form of
a servo notor and is lifted and | owered by a derricking notor 6 in the form
of a servo notor. The rope length of agload 3 is adjusted by a lifting and

| owering nmotor 7 in the formof a DC notor. As to displacenent of the crane
mai n body, strain of the mast is detected by displacenent sensors 8 and 9
in the formof a pair of strain gauges attached at the |owest portion of
the mast in x direction and y direction and the detected strain is

mul ti pli ediviegtignf i xed notbtonef tdirestiand arsédvas adidphacedesigroftet he

hi ghest %@Hrb%koélg&ms TRSderACk i}E d@mﬁ!l@&em&o@a%ﬂg% dgz 80408, instead

of using the straln _gauges, an accel eration I sposed in the
upper porti on SHRCE he freEting windhcondrelior théhﬁpégrp rb’é?@?]or’ilse@f t he

mast may bETMeaswhech %ai&h@cb@ﬁs sz an@C‘@eJi@ﬁ@tmﬁfb(Bm bﬂrﬂee(ﬂozh(ﬂl e
accel er at,i on %’Et er at on, a Cra et ec g[y a rotation
0

o e e s P bR eA M b uty Encetbl e diod: Rt d0ed, Lo

not or. Jidvrargheny the detieciled. by attaching a derricking angle sensor 1.1
in the formof a potentioneter on the rotation axis at the | ower end
portion of the jib. Sway angles 0 and are detected by |oad angl e sensors
12 and 133 thesHorin of agerant venee épy antigar of tke hep divpaetliessthnd

rot ati onal dlrectlon attached to the tlp end portion of the jib, each of

the potentiongters .peing fixed . fork which hoJds the | -rope. A
two- axi s cont Velléséfmﬂ’ i Y& rﬁi éﬁieﬁ vEistenti b tél‘“lilsf’(%é’g@iﬁg an
oper ati on‘odaevnbeymlmnlwnaltj(mp@mgloemap aUdr) ofindcdogd-afpd hﬁ"lg:tdﬂhrd@l | ever
14 are defagt sflaand unedaas.command val 5 Lot 8Ty ekl nppaces] anai on and

rotation acce eratl rope e gratlon on
a key boawdtepl af ébﬂtmém é&rlihsll(a%@@mutaérou @n uban@ﬁimlklnng)bv Re%flegence

char act ery 18, @@@&EW@&%# fineany eQThd natd oM OReHILT QP S8GH 1M tion For
nount i ng . heﬁgggnﬁ? ﬁz)ystem on the jib crane, the control systemis made

di screte time of 4ms. Ku]) and Kco in the figure are
gai n-schedul ed controllers in derricking direction and rotational

directio ence, characters run and. saw desi t.e conmand val ues
(operatlgn Egaﬁéﬁi 5 Wﬁ?é YPEkT ﬁﬁ‘lgé“'ﬁ}¥%8??%ﬁ“§hﬁy Aot AP FHHE” direction
and th, and ugh designate feedback signals in derricking direction and

rotati Onal di r %CP’!{% ent OﬁICBﬁgl &ﬂ\% Qﬁ p@(g(heﬂn llﬁq)éd"q%ti E}?Ll (?(rbigédt he LFT

nodel uses LFT in paraneters
| engt h coRSEREE ﬁeﬁtﬁ@ﬁ@bﬁflﬁrﬁoﬂwoi $=5’pir@% Hed lasem Cﬁfllfiolrf‘if@dpl @bﬁcer ni ng

t he cont re@hldetion( 3Bkt Rﬁ§tﬁ@n§? b dpakRr 96k t 1Al E"@mtrﬁ’aﬁﬁr hat tRE Rhehbe
| oad-rope lﬁg%hg A verif |cat|ongiest 8& (ftlvene s of the
gai n- schéatt PR r NIRRT I r B gEct 0P ward aibn o foli"ffélql%d rope
| engt h hasnbeemdrade09As a\s esb¥n iih FAS beerbjowndced hilad dy hijatoenabl es
control h hout deteriqQrati n |n t ff|C|en S|ng of
t he peak OP% g ”E$¥,%Lé c%u]%o I%?”Fgée dﬁb@@ %f% ﬁﬂ% aégtb .
2005- 6774!73)13711(18 tha) la@ohtrepk heintgtihy e@lp)ecttht(-ooaedamrr mmommtmyhan
operator cyane gives a command to the rotational acceleration speed or the

derricking acceleration speed by operating the operation lever

while varying the load-rope length or even when the operator gives

an abrupt change in his lever operation, sway of the mast and load

is promptly reduced. By this arrangement, sway of the load is

promptly attenuated and the operator can convey the load easily to

a desired position without taking a particular sway stopping step

for the load. Variation of the load-rope length is compensated by

the gain-scheduled controller and, therefore, convergence of sway

of the mast and load is almost the same regardless of the load-rope

length.



An experinment of control with respect to an operator's desired operation by
a feedback control system has been conducted on the condition that ratio of
f eedback control conmand by the I|nea§ combi nati on operation section 16 is
100% and ratio of operation command i5°0% As shown in FIG 6 (b), since

t he operator conveys a load in such a manner that an obstacle is avoi ded by
varying the | oad-rope | ength, when the operator who operates the crane
gives a command to the rotational acceleration speed or the derricking
accel eration speed by operating the operation |ever while varying the

| oad-rope | en or .even whep th ) rat gl ves bru chan in his

| ever oBeratl gtﬁl}]as D peeﬁ Poun {B % i sSpﬁlpé)ﬂﬁt a(f/”rl H&%oﬂ this

ar r angement the widy waymf ﬂhialcbaé 1pr@q~rxpntlyneg tdenerdt ed @and rehpooperdt or can
convey thgd qagdeﬁﬁjé Xeh%tﬁ 9@&&{1‘?9 p%iéﬁ Oﬂlfb%%ﬂgptcet ki ga ap arﬁ' cul ar

sway stopping.step for t on o oad-rope | e
corrpensatcéﬁsgﬁi/ e fREtYaj %@@Héﬂﬁﬁ@d\{@o Idl%rmén‘épmtﬂéﬁ”éf éWéiy éégbérgence of

sway of th@d”&itloartd |Eﬁﬁdl|alﬁlmnd(he]§aﬂ?0ﬁﬁﬁwdll@ﬂ%C@H tihe kpad-rope
| engt h. L é {Og been found that, wth respect to derricking
e peibe b St

angl e of & oad in derrlcklng direction and response of
the | oad-rope | ength occurring when disturbance caused by an outside factor
is applied toythg d ¢ r Vi ( uch

i starbance. 4 oo @fd@%@%ﬁ%gﬁpﬁ‘%@%rﬁ% AP RDIE SRR B
the feedb&8Rbg6 t?@ﬁt%ﬁsf@ﬁmnﬁndh dh1hﬁe‘Mﬁhuo<béﬂm@@ﬁuﬂlf@@@bﬁckncontroI

command bycti | l{meﬁthO{?Q' aﬁbmnoﬁpero@ﬁm%@eﬂt l&nn%@e@anﬂ QRgration
conmmand is c uat i on OL L]‘ j ect control of the
fgdeekpe

e te
| i near cdoBi é?q (Fj[r E}b‘ht"r]’é"% f/éﬁ@rid ¢hf éés%ﬂnbyalfﬁéna%‘?/@oéescrl bed
equat i onssyE5y mandn (16) cxphissdd hgacheonbiveaticenribedt ¢ @hatian sbes)apphi ed by
i nput g (g» r us) , i.e., control conmand. to the derricking notor and
control cohmand to the rotation notor which are input terns to the object
of control of the equations (5) and (6) to the follow ng equation: u(or) =

(a X)) +13 x7ubk(29)  WRReh T i8R col b2 R 6% Tppi@d b3l htifnd -
u (or us) , i.e., control command to the derricking motor and control
command fo the rotation motor which are input terms to the object
of control of the equations (5) and (6) to the following equation:

Wlor Ue) = (e X 1)+ (f Xupr ) (29)
where

o =085 — {£125) 0= =1)

B =1—

In this equation, « represents the ratio of operator’s
operation command and £ the ratio of the feedback control
command.

f represents a coefficient which is f = 0 in the operation area
(1.e., when the operation lever is in an input state) and f increases
momently in real time in the area outside of the operation area (i.e.,
when the operation lever is not in the input state). By way of an
example, «, # andf{mayvbe «=0.85, 8=0.15and f/2.5. These
values can be changed freely depending upon factors such as
characteristics of the jib crane and state of use and operation state



In this equation, arepresents the ratio of operator's operation comand

and 13 the ratio of the feedback control comand. f represents a
coefficient which is f =0 in the opespation area (i.e., when the operation
| ever is in an input state) and f increases nonently in real time in the
area outside of the operation area (i.e., when the operation |ever is not

in the input state). By way of an exanple, a, Aand f nmay be a = 0.85, 8 =
0.15 and 172.5. These val ues can be changed freely dependi ng upon factors
such as coHaltecfiérésties of the jib crane and state of use and operation
state 22 of the jib crane. By changing the ratio between a and 13 ,
as shown in FIG 7, the ratio between the feedback control command and the
operation comBahehf8EEhaked dtho heswedance ahth /st asshotwoparBtGof, i n t he

OpefatOF15&9&9ﬁ@@k9%nﬁﬁﬁ@h@h%6&bhhﬁ(RHQH@IQBnﬁnQH%T@BHQQui§p8f¥@8npr'Or'ty
and the area out 0 op eratgr S operation area. he ratlo of
t he feedd&Ck™Ed F%ICh@d}hFéﬁdllb?rc‘{(ﬂ ‘*Ilﬁ‘he‘éfrli}boﬂﬁii%a&il %‘Jbﬁé?’ét%%rﬁl@ectl on 16

and :1 hedr(meiﬂamf st memﬁnatmmh@dmndh@a@@mnm&?gpr@@gedmbys %fstzbfgatl Bg, by
on-t he- ion usin e st uat i, ons of the object
of contr§ﬁ§0%i&%#%%tﬁﬁé%éﬁhgpig'( %@;F%ﬁﬂ”ﬂét?%ﬁdﬁu%éﬁ ?W%“FS the object of

control is substituted, change in the anount of state of the object of

control in acqw(‘dq,@q:ﬁ) Wt Bnehanag, 4. the, (81 '(Q)ré n(g&dt'r;'? figedhack .contr ol

command and the ratio a of the operation conma determ nation of
the rati &or8bigratiog (f%‘éd’déék eftel Leomanth and el Abe coreistiione

oper at i orooonmRRD shoulhd Hfl&f&f}ﬁfﬁis%dbeb\}'ffa@@utMaf?lQl@arUWgox\!Qrﬂef Hegki on by
experi nen case where

sufflC|eﬁ?nﬂﬁhﬁ5Fhfyvnéaﬁhbéﬂéibe%%%ﬁﬁﬂgﬁmggnd?u%%ékéglF‘bﬁ)]ﬁ@ 9h-t he- desk
si mul at i ennand trhevlhriesullte ofjuexper {H®no 1 huenphﬂd@nnomob%oaﬂﬂerrménts may

be om tt%%silo? is tﬁﬁ‘b«%’fﬂ‘?{d(m’] dzﬁfazﬁn?‘?ﬁrldgﬁgﬁnq ﬂust'sti e}fq?)r}t(gg)](, V%ft he

operator's desired operation { e fe ck “con changes
the rati éOBﬁl@lhéUfée“&béévé(eowﬁ Iolchosrimpg Bye t’lﬁéiq i ﬁ@ériluoﬁbi’ﬁbmbn

oper ati orosecdl Qr!nil-r@ d&ﬂﬁ Jlli‘@ flati 2, the ()‘Pp?}ﬁ ath oy, ﬂqgﬁangxmu n@ result,
as shownln ction to ;?eralonc in the

operat i of *Brléa%&é ’t’)léeriii“r’rbr 8{/e8}a‘ Aty S\/(}a)ﬁﬁofl q%‘a}t’d“?‘f sﬂf\%l}/“l‘i comes
| ar ge i ncbheneper at:od ' shepesabi an aﬁea};l@uto;i(h asiaysc (thhzlnlﬂdash@&g@t range

in the a A rator's op iLon area when th
orevent yf@fcpl lﬁgq?(b%a&( %Vlggg)opdlégg NE chaimn ?V GXperine G ey
result of the on-the-disk simulation. In a case where sufficient
conformity can be expected between the result of the on-the-desk
simulation and the result of experiments, verification by

experiments may be omitted.

An experiment has been made about the control to the
operator’s desired operation by the feedback control system which
changes the ratio of the feedback control command by the linear
combination operation section 16 and the ratio of the operation
command. As a result, as shown in FIG. 6(a), delay in action to
the operation command in the operation area has been improved.
As to sway of the load, sway becomes large in the operator’s
operation area but it stays within a target range in the area
outside of the operator’s operation area when the sway prevention
control becomes 100%.

By application of this control method, delay time to an



operation conmmand caused by the feedback control system can be shortened
and, as a result, positioning control corresponding to the operator's
operation conmand can be achi eved mhi&g perform ng a vibration prevention
control and the operator's feeling of “Operation can thereby be inproved.
The present invention is not limted to the above described enbodi nents
but; various nodifications may be nade within the spirit and scope of the
invention. Brief Description of the Draw ngs FIG 1 is a block diagram

;shO\chng ojmzt%nrimdmma@ﬂ‘d tnhasbduagﬁﬁa@efe@mamd cﬁlﬁtmdsﬁl@nﬂ%\élncﬁﬁaccor di ng
o the |n ention are anat or e owi ng a
e di nHOLBRCHGHE 75 oo kP R i 1 FOROT AT Foued Al ER e model
in rot at icgreadatdi seqt ¢ rtioh @ omerd crankee achievEd Grhilei seslogahienghi ¢ vi ew
showi ng a\ﬂb?éﬂ%“ﬁ?@\'}mgﬁ\ﬂh fi??lamt % g @080 s f(,o]bﬁ G & {, 1% oft! ock

ed i nct udi i ‘on"bt 4

di agram show ng a generalize ng pertur i on e obj ect of
control . can 111@!@3/ @(‘d)mi”so‘é?dc)l ock di agram showi ng nutual connection in
which the controller has a perturbation bl ock SI m I ar to an object of

control and FI.G 5(b) is.a block diagr S erturbation_ block is
pulled up to bﬁ? 858 2 ltlﬁsﬂgmlbé% B4t ?cm#rt §  apoes, %@%snﬁﬁé 6(b) are
gr aphs shnmbmjimesmst]@ubfvcﬁ‘i(@mimetitxﬁcatmunts Qpﬁ_ﬂf did emadaghecland tBway of

| oad to %:l}lplqe I?&IS%Q )g ﬂn‘?}p Hw‘fﬁhg | i near combi nation control in

conpari so Fesul Jack contr ol only. 24

Brief Description of the Drawings

FIG. 11s a block diagram showing one embodiment of the jib

crane control method and device according to the invention.

Fl1Gs 2(a) and 2(b) are explanatory views showing a lower
dimension model in derricking divection and a lower dimension

model in rotational divection of a tower crane.

FIG. 3 is a schematic view showing an experiment device for a
tower crane.

FI1G. 4 is a block diagram showing a generalized plant
mcluding perturbation of the object of control.

FIG. 5(a) is a block diagram showing mutual connection in
which the controller has a perturbation block similar to an object of
control and FIG. 5(b) is a block diagram showing the perturbation
block is pulled up to the side of the object of control.

FIGs.6(a) and 6(b) are graphs showing results of experiments
about operation angle and sway of load to an operation command by
the linear combination controel in comparison with results of the
feedback control only,

FIG. 71s an explanatory view showing an example of timewise



change of the linear conbination ratio. Explanation of Reference Characters
lmast 2jib 3l oad 4rope 5rotation notor 6derricking notor 8displacenent
sensor of crane main body (strain gaugg) 9displacement sensor of crane main
body (strain gauge) 1Orotation angle sensor 1llder:ricking angle sensor

change of the linear combination ratio.

Explanation of Reference Characters

1 mast

2 jib

3 load

4 rope

5 rotation motor

6 derricking motor

8 displacement sensor of ¢crane main body {strain gauge)
9 displacement sensor of crane main body {(strain gauge)
10 rotation angle sensor

11 derricking angle sensor

12, 13 load angle sensors

i4 operation levey

185 controller

16 linear combination operation section



12 13l oad angl e sensors 1l4operation | ever 15controller 16linear cow. bnation
operationo- 25 Clains 1. A nethod for controlling a jib crane by
calculating a linear fractional transfgrmtion CUM expression of a |ower

di mensi on nodel having regard to variation in |load-rope length of the jib
crane and perform ng a feedback control using gain-schedul ed control which
uses the calculated linear fractional transformation (EIT) expression
CHARACTERI ZED BY steps of performng linear conbination of a feedback
control colamansd for performng the feedback control with an operation
conmmand fron1an operatlon | ever and. changing ratio between the feedback

cont r ol corrga a}%ﬁ and the operation _conmmand. so as to prevent variation
in. the pbsitiMeatiud IT6adcrpetialtime dndithg narg ai salewlathag| dabiedpe | ength

and, therfebym@ﬂalbl ﬁatdﬂoim@dlélﬁ) @5‘5 P IOesh rk8sidit JFOLIoRAST i ffknsidn A Met hod

for control cran def.ined I.n ¢laim n t rat.j o between
the T ooanelelhiying cBhARA B AT alRE sBefafi Thbeolbhei dic Thhatbog
bet ween araoperaatd grexdbeminigere fthdbapkr abnmlc@mmngdgaimmmﬂltefdelloﬂer ation

| ever 'sc%mmquapg uSls Bhe AL fn d1CLORTIALAOR B8 MNGIGn 1o

operation_co l'ied crane con ce conprising
rotati on @K | frP vAFEmEN f or rotating a jlb of the jib crane and derri cki ng

driving reansy AorrRIyEIKINY &8sl dop Offob RE gl Rnea@N&mbination of a
feedback control command for performing the feedback control with
an operation command from an operation lever and changing ratio
between the feedback control command and the operation command
$0 as to prevent variation in the position of foad notwithstanding
variation in the load-rope length and thereby enable the load to be

moved to a target position.

2. Amethod for controlling a jib crane as defined in claim 1 wherein
the ratio between the feedback control command and the operation
command is changed between an operation area where the
operation command from the operation lever is applied and an area
outside of the operation area whevre the operation command is not
applied.

3. A jib crane control device comprising rotation driving means for
rotating a jib of the jib crane and derricking driving means for
derricking the jib of the jib crane
CHARACTERIZED BY comprising

jib state detection means for detecting at least a rotation
angle of the jib, derricking angle of the jib, an angle of load, and
displacement of crane main body;

an operation lever for performing rotation and derricking of
the jib, and hoisting and lowering of the load;

lever detection means capable of detecting rotation and
derricking of the jib and hoisting and lowering of the load
performed by operation of the operation lever; and

a controller comprising a feedback control system performing



CHARACTERI ZED BY conpri si ng jib state detection neans for detecting at
| east a rotation angle of the jib, derricki ng angle of the jib, an angle of
| oad, and di spl acenent of crane main ? an operation |lever for
perform ng rotation and derricking of he jib, and hoisting and | owering of
t he | oad; | ever detection neans capable of detecting rotation and
derricking of the jib and hoisting and | owering of the |oad perfornmed by
operation of the operation |ever; and a controller conprising a feedback
control sysnesthpedfibrdri ngonadl 'which wuses a linear fractional

gal 0 SChadubedeabl Al ioReFesahL0eanhs a6t LNy LI ARBHGTRL Ofh ()

expr essi ower di mensi on® o havi ng regard to_ variation

previ ousﬁ%ﬁYlﬁ’rﬁJtﬂ‘Béa@ o p@ T @HGh 10 ambe | ols e din Padnb adtioss l:@mir}bl section

}Nhl gg pEernas 1:111@Q@rc&ﬁﬂbﬂ1élﬁbhoﬂoﬁi1@ keedhacky eRmt rp%lu&lqmnﬂefalsom the
eedback contro an oper 1.0n CO rom etection
nmeans and ¥ Wg‘"éié“ V\ﬁe@%@ éﬁl fC@é‘HE‘ffafgc[gﬁm olthecéﬁﬁéﬁa( gnd t he
oper ati orwmﬂmhmyzlsiem witdhah o quehrdd:r(ﬁneomomhndl frdevike 1Ibeendecapabhe of
preventi gl en itiqn of the |oad notw thstandi ng variation
in the Iggg){?(%pe CP mnggg I[{‘ﬁ%re dyl%nfgﬁﬁ“ eent ﬁ@l? oaO (iboa(\t%{e go go?\ito a
target poéontpemd and the operation command:
said jib crane control device being capable of preventing

variation in the position of the load notwithstanding variation in

the load-rope length and thereby enabling the load to be moved to a

target position.



