1 SPECI FICATION Title of the Invention JI B CRANE CONTROL METHOD AND
DEVI CE Technical Field This invention relates to a nethod for
controlling a jib crane and a device therefor and, nore particularly,
to such nethod and device which are capabl e of preventing swayi ng of
a hanging |l oad and vibration of a mast of a crane while elimnating a
delay in actual operation to an operation command by an operator.
Background Art In the field of jib cranes, many proposals have
been nade for mainly reduci ng swBPBRGIBICATIOaN 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

Appl i cati dhitleapftlopdnvRulidcati on No. 09- 315765 di scl oses a proposa
whi ch detects | ength of hanging portion of a rope, a rotation angel

of ajib frompresent position to a target position, and an angl e of
swayi ng and swalB AiR&NEe CORTROIo MEAND DaAibés DIEEICHad 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 swayi ng
speed of the |b6a@h@i¢al Esbe within a permissible error range.
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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



Summary of the Invention The prior art crane control was |imted
to the control of |oad as shown in the above cited Japanese Patent
Application Laid-open Publication No, 09-315765 O No. 05-85698 or
the control of sway of 3 the mast as shown in the above cited
Japanese Patent Application Laid-open Publication No, 03-200693 or No.
03-200694. Such control of either one of |oad and mast only, however,
| eaves sway or vibration of the other of |oad and nmast unrenoved wth
the result that unpleasant feeling is inparted to the operator.

For controlling sway of a | oad and vibréati on of a mast

si mul taneously, therefore, it is necessary to provide, as shown in
Japanese Patent Application Laid-open Publication No, 07-233854, not
only a control function for preventing sway of the |load but also a
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target positi@fy 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 meotor of the jib crame 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 ot the control of sway of



Claim2 provides a nmethod for controlling a jib crane wherein, in
addition to itens defined in claim1, the ratio between the feedback
control command and the operation command i s changed between an
operation area where the operation command fromthe operation | ever
is applied and an area outside of the operation area where the
operation conmand i s not applied. Claim3 provides a jib crane
control device conprising rotation driving neans for rotating a jib
of the jib crane and derricking driving neans for derxicking (Le.,
hoi sting and |owering) the jib of the j4b crane characterized by

conpri sing jib state detection neans for detecting at |east a
rotation angle of the jib, a derricking angle of the jib, an angle of
| oad, and displacenent of crane main body an operation |ever

for performn nd derric t hoi St and

| owering of t % ag%h%mﬁ & ke g ?‘écf]l?%(ﬁ‘n Jhﬁﬁﬁlﬂgselcgﬁg te“g}a)‘i’s‘l W&?‘Ebtl ng
rotation and Héﬁfdr Plé%} n%uwﬂc%th@ljN@,Oén%ﬁ(}ﬁﬂ%tqinéloana&?&ﬂéﬁ#ng ofch he

| oad per f or mecbrdyologferigidrosmendf Iohe pRemabt ol BYeeveBNdaves swaBor

control | er ComEhﬁbﬂ%f%hE%%ﬁQ@%i‘l&aﬁi‘%ﬁﬁlm%’tsﬁz%@nﬁ’&; a]%{@h“&l vesult .
gai n- schedul eﬂbar%ont rlo B(R/Befr% uses I near fractiona ranstormati on
(LTF) express ay e}dflﬁéﬁéin@ﬁl??&dﬁ-ﬂ et $1g tgar d t o
variation in previously input |oad-rope length, 5 and a |inear

combi nati on cont r Bbr s@Git QNnehisGRyPes f Origsdl hﬂaahtﬁ‘amhn%@ Q“m‘afst a
LSS?Q??Enc82%“&??5@5%%&5%5%%?5&&15&%?03&8wa T
rati o between %R?é‘eﬁégdﬁé’ékAQBHF?BPné@ﬁ?}rﬁ)ﬁ@ﬂa]?ﬂtblll%l@p&ﬂaﬂ o3 3864mand:
said jib craneotcodyrotomdeyl e chisnniyr papadd in @ fs wayeoferhte 10gd \bart izdgd on
: n éhe pOS: t|an19fat§$}?hﬂ1%ﬂgnﬂ9hv‘%éxhﬁé aé]ﬂ;'hn%s % %ﬁ'ﬁ ANedy %Q‘%ntmg

| oad- ope, | b gnd LBl SPYCTRADY LIS load Lo be ION00 L0 A
According to $HBCHEE heR 961151%1!1@%116 neteasitebiesod lhoge-sorler ifbimipa jib
crane by cal cubdt.ing a linear fractional transformation (LrF)

expression of a | ower dinension nodel having regard to variation in

| oad-rope | engt hu‘gf theﬁinl b c e an erform ng a feedback control

usi ng gai n- schedul 8§ éhmﬁ fhe seaplignsensly Ferigplling
fractional trieidf deaht foh (HZFF) Bypmessi Batedthekeplacaiqr obadedp st eps

of ]E)erform ?ghghlgblﬁln&aiorcmﬂfﬂ 2G4 3 @mv@# I?asf %s@:&)a&kefp%ta{r@' H%WE%@Q fpr
per f or mi ng ol rom,an
operation |ever 2’ % iﬁ gﬂ%rﬁgl P AL %s\/\ﬁl ﬁem‘eevee&g]e?é’ko SW??’oqf a
comand and tlﬁéd 116 OEMW@S%&T&@IH@%@/Mpwﬁoammonml he
position of |dathsadvadt h¥feand) mgomarti pddicionine tdaa task Pcﬁpelolagngi h
and t her eby %ai%@sett@ah%&sﬂeﬂa@mb@ cOREsh d QafinbBHYLHIONd b, a5 )

Ther ef or e, and. usi Sy Jstem b
changi ng t he rgﬁ %et %edh Ctaﬁlg ge mﬁako‘m?&fm@oﬁﬂa% ARPLEFRE S
operator's opfélmd’fl% aadrihtmp arshed easrarideebnaitndle byetdtnean his
conbi nati on afpethdioficedback control command and the operation
command, said feedback control being perfornmed for preventing svvay of

the | oad and pre ,ﬁgiln vibration of the mast_ by controlling a
exi sting notor whi & PEEREPA450RLAT Badgdar gelving khagbere ldﬁéCI]‘-}PQ:ﬁ
havi ng regar dxdlamhe dfotlts mope kengt It, ixant nblectast bhie MaGentiohl e ng

the operat or'5o000RS 2t R o8& AHPRG N, fo@%oﬁtfoﬁ%ﬁ' ta ]119 4d4d Qf‘ﬂ'l&ga? the

| oad can be easant fee |n 0 reven i ng
vi bration of 'E%%gb}@ %p%reé’ﬁg% o Oh o RS A i Bl e

mast of a crane whlle ehmmatmg 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



C vibration of a jib crane can be prevented w thout inparting

unpl easant feeling to the operator, conveying of |oad can be nade
qui ckly regardl ess of skill of the operator whereby work efficiency
can be increased. Further, prevention of vibration can be nade al so
agai nst di sturbance caused by outside factors such as strong w nd and
earthquake. It is unnecessary to provide a new vibration prevention
devi ce and the device of the present invention can be applied easily
to an existing jib crane. According to the nethod for
controlling a jib crane of claim2, theygrati o between the feedback
control command and the operation command is changed between an
operation area where the operation command fromthe operation | ever
is applied and an area outside of the operation area where the
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operation lever is applied and an area outside of the operation area

where the operation command is not applied.

Claim 3 provides a jib crane comtrol device comprising
rotation driving means for rotating a jib of the jib crane and
derricking driving means for derricking G.e., hoisting and
lowering) the jib of the jib crane characterized by comprising

jib state detection means for detecting at least a rotation
angle of the jib, a dervicking 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
gain-scheduled control which wuses a linear {ractional
transformation (LTF) expression of a lower dimension model
having regard to variation in previously input load-rope length,



said jib crane control device being capable of preventing variation
in the position of the |oad notw thstanding variation in the

| oad-rope | ength and thereby enabling the load to be noved to a
target position. Therefore, by making and using a conmand of the
control system by changing the ratio between the feedback control
command and t he operati on command by the operator’'s operation of the
operation lever in the conmand obtained by |inear conbination of the
f eedback control conmand and the operation command, said feedback
control being perforned for preventing gway of the |oad and
preventing vibration of the mast by controlling an existing notor

whi ch perforns rotation and derricking of the jib having regard to
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9 and rotation having regard to variation in |oad-rope | ength and
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frame incl udithg raBb et wheh 188heakKi % AR RLALERR C?Z{Hjtl%?ﬂ}erﬂitioﬁc’ t:

equi val ent spr] nstant _of .a.l ower di nension. no equl val ent
a’?tenuation (Q:é{ﬁz;ﬁ?%x% of ctri’ﬁggﬁgm@eg‘a?%ngiloﬂp%éqrf %eadi‘glb?’%cet#ént of
the hi ghest P8F¥3BP sPmifadvgom the elgrakiori lnyedis mmliohangran area

di spl acenent ocatsittheftihghgetationtdren ohetehth ®isdrakidndedhinakidng not
direction andpplight A@M!d?néi&fﬁfetérpﬁatr}’rrga% ;[:nﬂagc%l(o%e%tiger\{r"tg%? aof the

jib with counter-clcgcfvvl se. direct Paxr ¢ bel g ‘assiied to
Rieagant

i on
be positive direlt§ ‘?eﬁ]ﬁlﬁo’f@?‘ﬁﬁgopn rotational direction, u :

input torque in derricking direction, g gravitational acceleration

According to the jib crane control device of elaim 3, the jib
crane control device compurises rotation driving means for rotating
a jib of the jib crane and derricking 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 cramne main body;

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

lever detection means capable of detecting rotation and
derrvicking 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,
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



The origin of x-y-z coordinates is assuned to be |located at the
hi ghest portion of the mast and the follow ng assunptions are nade.

a) The mass of the rope is disregarded. b) Torshi ona

vi bration of the nast which is considered to be very small is

di sregar ded. c) The mast is assuned to be based on 4-particle
nodel in only parallel direction in the x-y plane. d) The jib
Is assuned to be a rigid body. e) Dynam c characteristics of
the*jib supporting rope is disregarded and it is assumed that input
torque only is applied directly to the %ip of the jib. Kinetic

energy Tb and potential energy Vb which the jib has, kinetic energy

To and potential energy V. which the | oad has and kinetic energy T1

which the rotation frane has are respectively cal culated and then

equati on of ngt' of the craﬁe ortion including the rot%%ion f.rame
I

s cal oul at ect By QSR N HE FOLI GWHEPoLAbF abgk <P uiaani ohe pedbiagiar)
aT av += Q. aontrol conmgmpnyl afic thie operation command:
said jib crame 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. Therefore, by making and using a command of the
control system by changing the ratio between the feedback control
command and the operation command by the operator’s operation
of the operation lever in the command obtained by linear
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 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
operator, 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
is 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

Deseription will now be made about preferred embodiments of
the invention with reference to the accomp anying 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.



T=Tb+21+21, V=Vb+Vo Q = [ X, Qyi Quu, o, us, or In this equation,
Is a coefficient which arises geonetrically with respect to the

supporting rope. The nonents M, and My about the axis yr and xr of
the crane portion are converted by nodification of straight beamto

Q

equi val ent outside forces Qx and Qy which are applied to the highest
portion of the mast as Further, mass, attenuation, rigid elenents

whi ch are conmmopn to the equation of notion of the mast based on the

4-particle spring-mass-danper system are added and conbi ned. Further
consi dering that the sway angle of the d oad-rope is small, sin 00,
cos gpl (3) By converting this to sin vCost) sin v- v,
cos v (20 < v 5 70 (deg))

cos 01,

si n0,

This jib crane control system is made of a feedback control
system using gain-scheduled control having regard to variation in
load-rope length. This feedback system has a function of
preventing sway and vibration due to disturbance caused by
outside factors. A feedback control command is linearly combined
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 (i.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 he carried out without
delay and with pleasant feeling of operation imparted to the
cperator.

In this embodiment, since it is necessary to realize the
feedback control system as a gain-scheduled decentralized control
system for derricking and rotational directions, a simple and
convenient control system is designed by using, in each direction, a
scheduling model (hereinafter referred to as “LEFT 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 control 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).

Qutline of modeling based on LFT 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



(4) the followi ng state equation is obtained: 12 thtdAtd(U11l) 10, c,
lvcb,,zb,1,1,0xtd +.8td(v)i>o0,e,c,,ip,r{b, 11 , O [u usr (5) where
Xtd[x1 )1/17 v)e) COM X2) x3 X4., Y271130/41 th1191112) 0>1/1.13, X23
3) thd )7)21 3)3.:141T The amount of observation ytd is
expressed by the foll ow ng output equation: gut = [xi,= Cdthtd(6)

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 parameter
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 regardless of load-rope
length,

The above described modeling and manner of designing the
control system will be described in detail below.

Modeling
(1 - 1) Derivation of three-dimensional model Q@

- Athree-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, y; : absolute displacement of each portion of the mast
in y-direction, v : derricking angle of the jib, 6 : 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, I : length of the mast,



(1 2) Derivation of the control system design nodel For
perform ng 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 follow ng
manner. FIG 2(a) shows a | ower dinension nodel in derricking
direction and FIG 2(b) shows a | ower dinmension nodel in rotational
direction. These nodels are nade on the foll ow ng assunptions: a) The
tower portion is assuned to be an equivalent 1 particle system and
each direction only is considered. b) Hay of the load is considered

in each direction only. The equation of notion is cal cul ated by
Lagrange's equation (2). As regards the |ower dinension nodel in the
derricking direction, linearization is made by designating input

whi ch bal anc mnth tign, actin n.th ib and | cad when the

jib derricki ﬁﬁT ang esg?fat\ﬂ % gét ma?ﬁﬁlog %%{%aqil\]qﬂe%aéﬁ PO HENIREOR t he

jib derricki n%aﬁ#?glll’é Wdlaﬁdnﬁoaé fgwdblllalﬁ@lgealﬁi votatimdarad gentrwl < 13

i nput t Wh:c chbc@rmﬁfsalm bfrifg dbnshSn@ of €SUbkver tdl%ﬁ\e’iﬁs%ﬁ st ion;

amount of o vaLj a u GONE Al

6v,0 0 1, 1, 0>S<jqru e;ea gquod%’g’ o q%‘% Pl J(D%W%} dim nrﬁ’ (f;}%?é?]lfr"f—

O xr ( 8) wher & 1§ oﬁ) llﬁ,l}lg&egt é)'mtmn the mast in rricking
dnectlon dlsplacement 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 directiom, u : input torgue 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) Toxshional vibration of the mast which is considered to he
very small is disvegarded.

c} 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
disregarded and it is assumed that input torque only is applied
directly to the tip of the jib.

Kinetic energy Ts and potential energy Vs which the jib has,
kinetic energy T. and potential energy Vo, which the load has and
kinetic energy T: which the rotation frame has are respectively
calculated and then equation of motion of the crane portion

including the rotation frame is calculated by using the following
Lagrange’s equation



As regards the | ower dinension nodel in rotational direction,

| inearization simlar to the equation (3) leads to th.S = AS (Yr)
(121,7)1, 1, OXs +Be(Yr,C),11'0, 1b, 11110 lie(9) Ye = [Yr= Cax, (10)'
where = In these equations, xr and yr are rel ative coordi nates
regarding angle of rotation C of displacenment xi and yi of the

hi ghest portion of the mast and can be obtained by 14 Yr =yi sin((
P)

11

d /8T or oV :
afory _or ov_ . =1,..,6 (1
dt (3@:) 5 O wo .
T:Tb+To+Tt)V=%+VO
q:"[qln-"1q6]T=[mlﬁyhUJg:erp]T

Q= [Qm: Qw Quu, 0, Us, D]T

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

3 3
Wz = ‘Q“L“““tMm)Qy = ‘2“‘]3; y (2)

Further, mass, attenuation, rigid elements which are common to
the equation of motion of the mast based on the 4-particle
spring-mass-damper system are added and combined. TFurther,
considering that the sway angle of the load-rope is small,

sinf ~ 8, cosfoxl, sinth =), cosp 1 (3)

By converting this to

) - siny cos v
SinV = —— .y, cosy = 7 (4)
4 v

(20<v <70 (deg))

the following state equation is obtained:



(p =tan-1 -Y-1) x1 (12) (I 3) Derivation of LFT expression to
variation in the | oad-rope length For designing the

gai n-schedul ed control systemusing LFT, an LFT expression of a |ower
di mensi on nodel using the |load-rope |ength as perturbation is
obt ai ned. There is a nmethod according to which nodel perturbation is
taken out in the descriptor formand then is converted to an LFT
expression. |If such transformation is applied to the derricking

di rection nodel equation (7), perturbing paraneter nunber becones 2
and, for design of the gain-schedul ed ggntrol system a solution can
be obtained nore easily when the nunber” of paraneter is smaller. For

this reason, derivation of LPV nodel will be first shown and
transformation to an LFT expression will be made by using this nodel.
In the follow ng description, the upper side LFT of Nand Mw Il be
expressed as N eM Matrixes A, and B, of the equatlon (7)
respectively becone a functwﬁnzoﬂtaﬂ(ﬂb 519%; %‘Q‘gpzﬁ)g p)}d; . Wen is
fixed to a specific angle v of a jib, 81- 1 are respectlvely

made 0, and only the | oad- rope%Bmin;Lﬂ;&,@Q‘Q% Qiqrﬂeidi Zu (}'—For 5
by

including the termof 1 in the matrixes A and B, vari'e var tion
of the 15
where

Lid = [931,'5}17 v, 83 C,'?,b, To, T3, T4, Y2, Y3, Y4,
. . [ A . . . . . . T
L1, Y14 ¥ 6: C#lﬂbaw.‘?:m&m%yﬁ:yi’nyé]

The amount of ohservation ya is expressed by the following
cutput eguation:

Yeg = 82,41, 0, (%17 = Cramra (6)

(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 direction 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 is made by designating input which
balances with gravitation acting on the jib and load when the jib
derricking angle is a target angle ¥ as %, deviation between the
jib derricking angle v and 7 as small angle & , and a control



| oad-rope length I but, in the present case, only variation of eight
factors which vary largely is considered. Wien the (6, 1) el enent of
the matrix is designated Z, the other varying el enents can all be
expressed by a fixed nunber of times of Z as shown in the follow ng
equation (13): A(Z) = Pl P2 paz p4Z p5ZPe -PrZ T ..., p8 = const,
In this manner, matrixes A and B in the case of variation in the
| oad-rope length | can be expressed by the paraneter Z only and the
fol Fowi ng LP nodel thereby can be obtained: A(Z)B(Z) th = (A0 ZAz) X
+ (Bo -1- ZBz)u(15) where Ao and B? are matri xes obtai ned by
removi ng varying elenents fromthe mat %xes A and B, and Az and Bz
are matri xes which consist only of coefficients of Z Assum ng that
the jib angle v is
input which compensatesit as § . As aresult, the state equation,
amount of observation and output equation become

&, = An(D,60,0v,6,6,1,1,Da,
+B,(7,év,61,8,0,1,1,1) u ()

Y, = [T, 60,07 = Cry (8)
where

_ OV
Ty = (2, 00,0, @y, 60, 6]

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

Ty = A.‘s(%‘:Caé: Tp:¢:l:i} l)ms
+Bs(yra(_..:éa¢:¢:ltiai) Ug (9)

Y. = {yﬂc: ¢]T = Gsms (10)’

where

ms = [yﬁ C) qpsyvﬂérqmlr

In these eguations, %, and y. are relative coordinates regarding
angle of rotation { of displacement x; and y; of the highest portion
of the mast and can he obtained by



0=45deg (16)

16 which is a mddle point in the novable range of the
Jjib and the varying range of the |oad-rope length 1 is / E[0.5,1.61

m(17) the range of Z will becone (18) Zmn =1 . 6 7 2 9 101,

5. 3533

1 0Zis calculated fromz 2 6 . 7 6 6/ 1 by using the

| oad-rope | ength 1.

14

Zn

o= fal tifoos((—p) (11)

Yr = -—\/mz‘i’ + y% sin({ — p) (12)

= tan~t 4
(p = tan 391)

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

For designing the gain-scheduled control system using LFT,
an LFT expression of a lower dimension model using the load-rope
length as perturbation is obtained. There is a method according
to which model perturbation is taken out in the descriptor form and
then is converted to an LFT expression. If such transformation is
applied to the derricking direction 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 t¢ 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 Ar and B: of the equation (7) respectively become a

function of v, 6v,6v,6,8,1, 1,1 When ¥ is fixed to a specific

angle v, of a jib, b, 60, 8,6, 1,1 are respectively made 0, and

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



Assum ng here that zZn= (Z",an-Zmn) / 2, 6 z =Z a- Z"in
A'=A0+ZnAz, A1 =5 A2 B"=B0+Z"Bz, B =5 B z the LPV nodel will be
expressed as = (An + 5.41)x (Bn. i5B1)u) 151 < 1 (23)
Assum ng that Li Evti T3/4e nlxt3 according to the above cited
Japanese Publication No. 2005-67747, reduction of [0 A113= [Li] x
[RIW. Z1](24) is made and the follow ng LFT expression can be

obt ai ned:

15

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 Z as shown in the following
equation (13):

an="
Pz
~Z PaZd paZ prZ - PS“PTZH
T
=] o we] 09

D1, ..., Pg = const.

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)
) P mmmmaian st N prenssmt e et st
T = (A0+Zﬂz)w+ (BD+ZBz)u (15)

where Ao and Bo arve 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 ,is

v p=45deg (186)



17 ySeG u(25) where LiBh G:= W-R An -RLi Z1- R (26)

16

which is a middle point in the movable range of the jib and the
varying range of the load-rope length 1 is

[€[05,1.6) m (17)
the range of Z will become
Zmin§2§zmax (18)

Zwia=1l. 8729-10', Z_,,=5. 3533-10"

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

Assuming here that
Z,.={Z ey —2.:.) /2,
0 ,=Z o —2, (20)

z

A=A, +2Z, A,,
Alﬁb‘zAz (21)

B,=B,+2Z2,B,,
B,=6,B, (22)

the LPV model will be expressed as

&= (Ay+8A1)2 + (Bn + 6B1)u, [8] <1 (23)
Assuming that

L1 € R Ry Wy Zi] e RVX3

according to the above cited Japanese Publication No. 2005-67747,
reduction of

[0A,B,] =1[L,] Xx[R,W,Z,] (24)
is made and the following LFT expression can be obtained:



C 0 A simlar transformation is applied to the | ower dinension
nodel in the rotational direction. 2. Design of the control system

Desi gn of a gai n-schedul ed controller Design of a

gai n-schedul ed control systemusing LFT which can be carried out
easily will now be described. Qutline of a manner of derivation of a
gai n-schedul ed controller using LFT will be expl ained on the basis of
t he Japanese Publication No. 2005-67747. First, a generalized

pl ant as shown in FIG 4 including perturbation of the object of
control is constructed. In the figure,lg desi gnat es perturbation of
the object of control relating to the I'cad-rope |length and "

desi gnates hypothetic perturbation introduced into the path of

per formance. Then, as shown in FIG 5(a), nutual connection in which
the controller has a perturbation block simlar to the object of
control is performed. As shown in FIG 5(b), the perturbation bl ock
of the controller is pulled up to the side of the object of control.
Assum ng that paranmeter data can be observed on line, a controller
which is stable to all 6 and Lts Ae2 gain fromw =[wt, ]r
to zi = [ztt, zialT satisfyé§‘%%C¥“ (257

where

Al Ly B,
G = W1 ——RlAn -—RlLl Zl - Rl Bn (26)
Co 0 0

A similar transformation is applied to the lower dimension model
in the rotational dirvection.

2. Design of the control system
Design of a gain-scheduled controller

Design of a gain-scheduled control system using LFT which
can be carried out easily will now be described. Owutline 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,
o designates perturbation of the object of control relating to the
load-rope length and A . designates hypothetic perturbation
introduced 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 cbject of control is performed. As shown in
FIG. 5(b), the perturbation block of the controller is pulled up fo
the side of the object of contrel. Assuming that parameter data
can be observed on line, a controller which is stable to all § and



lizi 11E2 sup<2' otuie.c2 Il w [If2 (27) can be obtained by

solving LM (linear matrix inequality). Herein, >0 is a given
scal ar. The gai n-schedul ed controller is expressed by LFT nmade of a
perturbation block simlar to that of an object of control. | f

the range of perturbation is taken as in the equations (20), y does
not become snaller in the path of perturbation than in the path of
performance resulting in a conservative controller. As variation iny
has ‘been exam ned by maki ng constant wit, WL2 and wia which are

wei ght functions to the mast, jib derrlgklng angl e and | oad and
maki ng the range of perturbatlon narrow, it has been found that the
val ue of y does not substantially vary when 82 is snmaller than 5, =
0.15,(28) Fromthis, in designing a controller, width of variation is
set to be a, of the equation (28), though t here is no security for

stabi |1ty of ishelengiieangs. ofpiarkais on of tihe paIATELer. The

controller wll be actua y vary
t he range of

“ 2! Hﬁz
sup et < 27
0w eLa ” Wi ”-Cz 7 : ( )

can be obtained by solving LMI (linear matrix inequality). Herein,
y > 0 is 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),
v 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, wia
and wis which are 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 v does not substantially vary when
0 2 is smaller than

§; = 0.16, (28)

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

s 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

8 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

(8 - 1) Experimental device

An experimental device for a tower crane is schematically



1:6 in the equation (20) and confirm ng that there will be no problem
by e.g., nunerical sinulation. 3. Experinment for verification by
actual novenent by an operator using an experinental device (3 - 1)
Experimental device 19 shown in FIG 3. Ajib 2 is rotated by a
rotating notor 5 in the formof a servo notor and is lifted and

| owered by a derricking notor 6 in the formof a servo notor. The
rope length of aload 3 is adjusted by a lifting and | owering notor 7
in the formof a DC notor. As to displacenent of the crane mai n body,
strain of the mast is detected by displ.gcenment 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 tiplied by a fixed nunber of tines and used as displ acenent of the
hi ghest portl n _of . tqgggqft éhe dIS | acement sensors 8 _and 9,

i nst ead of us? H T AR 6AfR; S8 HohatRdc BY ¢ ARt EEOET Aay e

di sposed in timupbar spoyot inoborofind hie hﬁsﬁ and ldwspldabenenlteroitkite
upper portiommefoitdien RS torfRYf HeePRAS YIS %etﬁ)%etlé‘ﬁ th & aload 3is

accel eration ccel eration n C of
the crane is %g%pédt gg érhfttll}%tg gglﬁwgh]d:\genlsogejsylﬂgﬁF#OfWe f@?i’% of a
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vari ation of Hqﬁ@l’qlglg@terlbﬁglq@r@xhn operation device. Inclination angles o
up and o rp 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 is made discrete with sampling time of 4ms. Kyp and Krp
in the figure are gain-scheduled controllers in derricking direction
and rotational direction. Reference characters rup and rmp
designate command values (operation commands) in derricking



A verification test of effectiveness of the gain-schedul ed control
systemwi th respect to variation of the | oad-rope | ength has been
made. As a result, it has been found that LFT enables control of the
mast without deterioration in the efficiency by rising of the peak of
gain of the controller (see the above cited Publication No.
2005-67747). (3 3) Control with respect to a desired command by an
oper at or An experinment of control wth respect to an operator's
desi'red operation by a feedback control system has been conducted on
the condition that ratio of feedback cggtrol command by the Iinear
conmbi nation operation section 16 is 100% and rati o of operation
command is 0% As shown in FIG 6 (b), since the operator conveys a

| oad in such a manner that an obstacle is avoided by varying the

| oad-rope | en e h or. wh gperat es t he, cran Lves
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f eedback cont48i* Ozy’&t Pnﬂil?hstmt AUt ﬁétefiwlna@%ém@@rﬁfémmﬁamsmtrol
command by t hvd thempeak of @aibi ndthocompel et (ser thecthicon clil dandhlaation
operation commmngbdsssehanged, the state equation of the object of
control of the linear conbination control system can be expressed by
t he above descri b)ed equatl ons (5) and (6). This |inear

conbi nati on ddrit PoboriFal Bathapssvestithy despiedt qomgman(dry am pperatoe. |
control conmmand to the derricking notor and control command to the

rotation motor whighy ﬁéﬁrﬂe@ﬁ ? }a{?{l@'f Wﬁﬂl&&}tegpju?gg g)felgp sré)es% d.xt t]e

equat i ons (5) andt \%\ﬁé} o rl I on

y-1- ( xubk ) ée conﬁq Zsygyer(ldijas eq;) canc}_ucteg on the
COIld.lthll that ratio of feedback control command by the lineax
combination operation section 16 is 100% and ratio of operation
command is 0%. As shown in FIG. 6 (b), since the operator
conveys a load in such a manner that an obstacle is avoided by
varying the load-rope length, when the operator who operates the
crane gives a command to the rotational acceleration speed or the
derricking acceleration speed hy 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
fox 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.



In this equation, a 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 (i.e
when the operation lever is in an input state) and f increases
nmonently in real tine in the area outside of the operation area
(i.e., when the operation lever is not in the input state). By way of
an exanple, a, 8 and f may be a = 0.85, /3=0.15 and f/2.5. These

val ues can be changed freely dependi ng upon factors such as
characteristics of the jib crane and s ﬁte of use and operation state
22 of the jib crane. By changi ng e ratio between a and 13, as
shown in FIG 7, the ratio between the feedback control conmmand and

t he operation command is changed in accordance with state of
operation in the operator's operation. area where the operator's
operation is given priority and the area outside of the operator's
operation area. It hasThbsorladeinofoai dt ttentf sdtibaekp @onb rdzhricdim@Badshy t he

l'i near conbi nﬁtﬂlﬁrhlppﬁﬁé’gt bP@h@?&atd H{‘d@ﬁu.@lﬁqlgi &ﬁeé’c‘%ﬂ Qnﬁfxet's se of
oper ation cor@g%n can re; ose estr 'I} on- e desk
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control in wiERiden@ceeiubt ppNigR 0y the @mb dlumplﬁ op eationg st Qﬂa}leact of
control is subsatli tiukedo chahgdisturbhgcamungroaiptsy atededt Ny ohjeect

of control '%a@ﬁc&ﬁgﬁ‘ﬂ&% W thoiehange in the ratio B of the feedback
control command and the ratio a of the operation command. Final

determination of the ratio fi of the feedback control command and the
ratio a of the oper thé feedbeniand tshoylstemprief ehad yhbeatimdetbyen a

conpar It ng verfebilsadld @bniy %ﬂﬁ?hﬁﬁr\&}stt\%t hn%%u!tohﬁahahhﬁ lla%nd' sk
simul ati on. a re.s ient conform.ty.can Xp

bet ween t he regﬁlﬁi{i ?)? ‘Q’ﬁﬁ ?m % el& Tk IR (gr?dlgteae 11%@
experinents, SA tromc ok P}%ﬁnowc’eﬁﬁéw%hﬁ% thﬁﬂlwlmmh@@ﬁwn COM‘(mOl
experi ment hawsbee mansie eaposted be heniole desciive doppratrs &)des red
operation by (ghe feedback control system which changes the ratio of
the feedback control conmand by the |inear conbi nati on operation
section 16 and the ratio of the operation command. As a result, as
shown in FIG 6(a)bisdenesr Fembinatern contrhb caperarbplied dryminmitiing he
oper ati on ar ealdras) heen doaprod\ceshm Asd t@tﬁd\ﬂynﬂékiﬁl@ﬂnbﬂé%mﬁwml

becones | ar gehimiRE :0REE %Qirtwéﬂre ?51 Lot §£§ teé%x ST c\)%éerm na

target range | out s] era eration drea
when the sway fﬁPgQ‘ ?gﬁe EBRRTOPS g@c%@@ 1E0%ke @@%Bér%}flra&?ncommnd
caused by the feedback control system can be shortened and, as a

result, positioni pdocand E:Od@ &Of [ @SRgNstiQ )t 0 the operat ofg$ operation
comand can aghieved while perform ng a vi bration prevention

control and the operator's f of o eration can thereby be
i mproved. The praﬂeé%nt (ﬁ b}?&&n‘x—% hot limted to the above
descri bed enbodi neéntslbut various nodifications may be made within
the spirit and scope of the invention.
In this egquation, o represents the ratio of operator’s
operation command and f the ratio of the feedback control
command.

f represents a coefficient which is f = 0 in the operation area
(i.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, a«, B8 andfmaybe «=0.85 B=0.15 and 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



Brief Description of the Draw ngs FIG 1 is a block diagram
showi ng one enbodi nent of the jib crane control nethod and device

according to the invention.

views showi ng a | ower dinension nodel in derricking direction and
| ower di mension nodel in rotational direction of a tower crane.
FIG 3 is a schematic view show ng an experinent device for a tower

Crane.

FIG 4 is a block diagram show ng a generalized pl ant

i ncl-udi ng perturbation of the object of control. FIG 5(a) is
bl ock di agram showi ng nutual connectiop,in which the controller has a
perturbation block simlar to an object of control and FIG 5(b) is
bl ock di agram showi ng the perturbation block is pulled up to the side
of the object of control. FI Gs. 6(a) an? 6(bé are gr?prs Zh?mn
results of ex I ment s _about operation angle and sway o oad to an
oper ati on coﬁ#§h§q§§c¥ﬂ§'linear conbi nation control in conparison
with results of the feedback control only. 24 change of the linear

conbi nati on rati 0By Ekphgnatihenaefo Rahekaneae &armcs L51soas F18) b

the ratio between the feedback control command and the operation
command is changed in accordance with state of operation in the
operator’s operation area where the operator’s operation is given
priority and the area outside of the operator’s operation area.

The ratio of the feedback control command by the linear
combination operation section 16 and the ratio of the operation
command can be presupposed by estimating, by on-the-desk
simulation using the state equations (5) and (6) of the object of
control in which the equation (29) of the input term to the object of
control is substituted, change in the amount of state of the object of
control in accordance with change in the ratio B of the feedback
control command and the ratio « of the operation command.
Final determination of the ratio B of the feedback control
command and the ratio « of the operation command should
preferably be made by comparing verification by experiments with
result of the on-the-disk simulation. In a case wherve 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 contrsl 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

FIGs 2(a) and 2(b) are explanatory

a

a
is a

ng



3l oad 4rope 5rotation notor 6derricking notor 8displacenment sensor of
crane main body (strain gauge) 9displacenment sensor of crane main
body (strain gauge) 10rotation angle sensor 1lderricking angle sensor
12 , 13l oad angl e sensors l1l4operation | ever 15controller 16linear
conbi nati on operation section
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operation command caused by the feedback control system can be
shortened and, as a result, positioning control corresponding to the
operator’s operation command can be achieved while performing a
vibration prevention control and the operator’s feeling of operation
can thereby be improved.

The present invention is not limited to the above described
embodiments but various modifications may be made within the
spirit and scope of the invention.

Brief Description of the Drawings

FIG. 1 is a block diagram showing one embodiment of the jib
crane control method and device according to the invention.

FIGs 2(a) and 2(b) are explanatory views showing a lower
dimension model in dervicking direction and a lower dimension
model in rotational direction of a tower crane.

FIG. 8 is a schematic view showing an experiment device for a
tower crane.

FIG. 4 is a block diagram showing a generalized plant
including 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 control in comparison with results of the
feedback control only.

FIG. 7is an explanatory view showing an example of timewise



25 Cainms |I. Anmethod for controlling a jib crane by calculating a

| i near fractional transformation (LTF) expression of a | ower

di mensi on nodel having regard to variation in |oad-rope |length of the
jib crane and perform ng a feedback control using gai n-schedul ed
control which uses the calculated |inear fractional transformation
(LTF) expression CHARACTERI ZED BY steps of performi ng |inear

conbi nation of a feedback control command for perform ng the feedback
control with an operation command from an operation |ever and
changing rati o between the feedback cog%rol command and the operation
command in such a manner that ratio of "the operation command is
greater than ratio of the feedback control command in an operation
area where the operation conmand is applied fromthe operation |ever
and the ratio,of the% F}eﬁdbac_k caontrol conmmand is greater than the
ratio of the SFEE&tHEIHeJOHRARfIMHDAHR1@5 %t si de of the operati on
area where the operation command is not applied, so as to prevent
vari ation i n Bhfapasichi FR&LrdRACNBLMdAst anding variation in the

| oad-rope | ength and thereby enable the load to be noved to a target
position. 2. A jib crane control device conprising rotation driving
means for rothting a®a% of the jib crane and derricking driving
means for der%ickingjibhe jib of the jib crane CHARACTERI ZED BY
conprising g jib siafe detection nmeans for detecting at |east a
rotation angl e of the ﬁ'ib, derricking angle of the jib, an angle of

| oad, and di ﬁgl aceneht %f crane mai n body; an operation |ever
for perform r ot at FerRteordm@éer i cki ng of the jib, and hoisting and

| owering of téthe | oadderrickinlgeMetordet ecti on nmeans capabl e of detecting
rotation and gler ricking, of bl Rsandt Aalsthng, a0, E;i%w Dhgh the

| oad perfor by operatjon of the operation ['éver;” and . B
controll er gg%c“jrpri sin lépjfaééﬂ‘t?&éﬁeﬁﬁﬁﬂ? raggdpain bedy bitppinggsauge)

gai n- schedul e cont r clotakipsngsesemsdri near fractional transformation
(LTF) expressiion of aidrow@ingdiafBNSé@aRoa0del having regard to
variation in preyi ousj&édi mnéi% Sjegacgl;sr ope length, and a linear

conbi nation control section Wi ch perfornms |inear conbination of a
feedback cont¥ol conmBREHFIWiaEE feedback control systemwith an
operation conyfand frorortirellbever detection neans and

16 lineax combination operation section



changes the ratio between the feedback control command and the
operation command: said jib crane control device being capable
of preventing variation in the position of the | oad notw t hstandi ng
variation in the | oad-rope length and 26 thereby enabling the | oad
to be noved to a target position by changing the ratio between the
f eedback control conmand and the operation command in such a nmanner
that ratio of the operation command is greater than ratio of the

f eedback control conmand in an operation area where the operation
command is applied fromthe operation | ever and the ratio of the

f eedback control command is greater than the ratio of the operation
comand in én;area outside of the operation area where the operation
command i s K6t appl i ed.

1. A method for controlling a jib crane by calculating a linear fractional
transformation (LTF) expression of a lower dimension model having regard to
variation in load-rope length of the jib crane and performing a feedback control
using gain-scheduled control which uses the calculated linear fractional
transformation (LTF) expression

CHARACTERIZED BY steps of performing linear combination 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 in such a manner that ratio of
the operation command is greater than ratio of the feedback control command
in an operation area where the operation command is applied from the
operation lever and the ratio of the feedback control command is greater than
the ratio of the operation command in an area cutside of the operation area
where the operation command is not applied, so as to prevent variation in the
position of load notwithstanding variation in the load-rope length and thereby
enable the load to be moved to a target position.

2. A jib erane 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 deteection 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
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 performs
linear combination of a feedback control command from the feedback control
system with an operation command from the lever detection means and

changes the ratio between the feedback control command 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
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thereby enabling the load to be moved to a target position by changing the ratio
between the feedback control command and the operation command in such a
manner that ratio of the operation command is greater than ratio of the
feedback control command in an operation area where the operation command
is applied from the operation lever and the ratio of the feedback control
command is greater than the ratio of the operation command in an area
outside of the operation area where the operation command is not applied.



