
1 SPECIFICATION Title of the Invention      Method and device for
controlling a jib crane Technical Field      This invention relates to a
method for controlling a jib crane and a device therefor and., more
particularly, to such method and device 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 by an
operator. Background Art      in the field of jib cranes, many proposals
have been made for mainly reducing swaying of a load caused by operation of
a jib and these proposals include one using a feedback control and one
based on an operation pattern. For example, Japanese Patent Application
Laid-open Publication No. 09-315765 discloses a proposal which detects
length 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 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 are 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  2 with a rigid material and a flexible
material is used for the mast. For this reason, movement of a crane causes
vibration of the mast and remaining vibration of the mast added to swaying
of the load imparts unpleasant feeling resembling sea-sick to the operator
and this results in reduction in the work efficiency. Particularly in a
tower crane, the range of variation in the length of load-rope is large
and, therefore, swaying prevention efficiency has to be reduced when the
length of load-rope is controlled to a limited range. Further, swaying
caused by strong wind and earthquake must also be reduced.. For this
purpose, provision of swaying prevention devices using a pendulum or a
gimbal (or jiroscope) is also proposed. For example, Japanese Patent
Application Laid-open Nos. 03-200693 and 03-200694 disclose a swaying
prevention device which has a pendulum in the main body of a crane.
Japanese Patent Application Laid-open Publication No. 07-233854 discloses a
device which detects rotation angle of a gimbal and detects vibration of a
tower crane and computes these detection signals to drive the gimbal and
thereby prevent vibration of the tower crane. 



Japanese Patent Application Laid-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  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 load and mast only, however, leaves sway or
vibration of the other of load and mast unremoved with the result that
unpleasant feeling is imparted to the operator.      For controlling sway
of a load and vibration of a mast simultaneously, 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 vibration prevention device such as a gimbal for
preventing vibration of the mast. However, provision of such vibration
control device in an existing crane necessitates a large-scale reforming
Work.      As an example of a method for simultaneonsly controlling both
load and mast, Japanese Patent Application Laid-open Publication No.
2005-67747 has been cited above. However, in this proposed control,
priority is given to prevention of sway of a load and vibration of a mast
rather than to the positioning control of the load. lience, 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  



4 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 (I,TF) expression is characterized by steps of
permoriming 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 so as to prevent variation in th.e position of load notwithstanding
variation in the load-rope length. and thereby enable the load to be moved
to a target position.      Claim 2 provides a method for controlling a jib
crane wherein., in addition to items defined in claim 1, the ratio between
the feedback control command and the operation command i.s changed between
an operation area where the operation command from the 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 control device
comprising rotation driving means for rotating a jib of the jib crane and
derricking driving means for derricking (i.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 derricking-
angle of the jib, an angle of load, and displacement of crane main body;
an operation lever for performing rotation and de eking 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 (11,TIF) 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
thereby enabling the load to be moved to a target position. 



Advantageous Results of the Invention       According to the method of
claim 1, in a method for controlling a jib crane by calculating a linear
fractional transformation (11,11F) 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, there are
provided 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 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. Therefore, by making and using a
command of the control system by changing the ratio between the feedback
control command and the operator's operation command 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
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  6 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.      According to the method for controlling a jib crane of claim 2,
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 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 der-ccking 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 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 linear performs linear combination of a feedback
control command from the feedback control system with an operation command
from the lever 



7 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 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 ji.b 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     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.  8      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 th.e 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.      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 "LIFT
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).      Outline 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 is
expressed by a model suing linear fractional transformation. This modeling
is made with respect to each or both of derricking  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
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. Model (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.      X:1 : absolute
displacement of each portion of the mast in x-direction, yl : absolute
displacement 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
: length of the jib, 1: length of the load-rope, lid : length of the mast,
10 WI); mass of the jib, Ws ; mass of the load, Ma mass of the rotation
frame including motors for derricking and rotation and gantry, it t;
equivalent spring constant of a lower dimension model, c, ; equivalent
attenuation constant of the lower dimension model, xr ; displacement of the
highest portion of the mast in derricking direction, yr ; displacement of
the highest portion of the mast in derricking direction and right angle
direction, v ; angle of derricking of the jib with counterclockwise
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 rhighest portion of the mast
and the following assumptions are ma(1e. a) The massof the Tope is
disregarded.        Torshional vibration of the mast which is considered to
be very small is disregarded.      c) The mast is assumed to be based on
4-particle model in only parallel direction in the x-y plane. cl) 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 Th and potential energy Vb which the jib has, kinetic energy
To and potential energy Vo which the load has and kinetic energy Ti 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  [th.ger = Kix,QylQuu,O,ttslOr
In this equation, Qu is a coefficient which arises geometrically with
respect to the supporting rope. The moments Mx, and. My about the axis yr
and xi: 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    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. Further, considering that
the sway angle of the load-rope is small, sin 09, cos 01, sin V)cos1 (3) By
converting this to 



Sin!)COB!) sin!) =v, cosji -=  (20 5 v 5 70 (deg)) (4)  the following state
equation is obtained:  12 td= Atd(I), 11)0 ) )(1)11) A') 171).1)Xtd +Btd(v,
a, 9,6, c,1.0 usr (5) where 



Xtd= [X1, In v, 9, (,1P5 X2, X3 ) X 47/Y2)Y:3311i th10:11.)2 31th4 0:12
ii3j..41111T      The amount of observation ytd is expressed by the
following output equation: ytd  Ct4Xtri (6)   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 Uas/1, deviation
between the jib derricki.ng angle v and 0' as small angle cS and a control
13 input which compensates it as 6 ". As a result, the state equation,
amount of observation and output equation become A .(P 8v, dv, , +137.(P ,
6v, 5.1i, 0,6,t) Sv,(7) Yr61),9JT = Crx,(8) where       As regards the
lower thnienson model in rotational direction., linearization similar to
the equation (3) leads to = As(yr,(I qP1 011) 111) 



+B3 (Yr 1 c4;11u5(9) Vs = 1?)r)(-1 OrrCsXs(10) where xe
=[Yr)()IP)11.1r)ribir In these equations, xr and yr are relative
coordinates regarding angle of rotation (, of displacement xi and y, of the
highest portion of the mast and can be obtained by  14,  + cos(( p)(11)  Yr
=1:.;? + y sin(( p)(12) 



(p tan- 1 ILL) (1 3) Derivation of :Ertl expression to variation in the
load-rope length      For designing the gain-scheduled control system using
1...1r11, an LIFT 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 LET 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 LPN/ model will be first shown and
transformation to an 11,11'91 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 (r)M Matrixes Ar and Br of the equation (7) respectively
become a of /;,6)/,O,1, functionWhen P. is fixed to a specific angle v of a
jib, (SuAlv610,1)/ are respectively made 0, and only the load-rope length 1
is considered, a factor including the term of 1 in the matrixes AT and Br
varies by variation of the  



15 load-rope length I 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):    13
( Z) 8 = coast,      In this manner, matrixes A and B in the case of
variation in the load-rope length I can be expressed by the parameter Z
only and the following LP model thereby can be obtained: A(Z)B(Z) th (A0
-}- ZAz)x + (Bo+ ZBz)u(15)      where Ao and Bo are matrixes obtained by
removing varying elements from the matrixes A and B, and A, and Bz are
matrixes which. consist only of coefficients of Z. 



Assuming that the jib angle if ,, is or--45deg(16)  16 which is a middle
point in the movable range of the jib and the varying range of the
load-rope length 1 is [0.5, 1.6] m(17) the range of Z will become Zi
11Z(18) . 6 7 2 9  1 0, Zniax  5 .  Z is calculated from Z2 6 . 7 6 6 /
1(19) 



by using the load-rope length 1. Assuming here    (20)   A " A " 1 Z " A 1,
A ,(21) BB(22) 



the :LTV model will be expressed as x = (A, 6A )x PA+ 62161 < 1 (23)
Assuming that L1 E 9116x 1, [RI Wi Z1] e R1x" according to the above cited
Japanese Publication No. 2005-67747, reduction of [0 A,B:j = LL.,1] x
[1:1WIZ,111(24) is made and the following Hui expression can be obtained:
17 y(k)61 itt(25)  



A similar ft ansfor m. a 1;1 Onapplied to the lower dimension lode]. in the
rotational direction 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. 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, 6 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 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 6 and  18 itsgain from w, =
[wl), widY to 7,zsatisfies 11Z1 11 C2 



sup< 0otvieL2 II 1111 (27)  can be obtained by solving LMI (linear matrix
inequality). Herein,  y > 0 is a given scalar. The gain-scheduled
controller is expressed by 'UT 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 i.n y has been examined by making constant wi I w12 and wbi 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 y
does not substantially vary when (5 .2 is smaller than 15z= 0.16,(28) From
this, in designing a controller, width of variation is set to be 6z 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 6 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  ) Experimental device 



19 shown in FIG. 3. A jib 2 is rotated by a rotating motor 5 in the form of
a servo motor and is lifted and lowered by a derricking motor 6 in the form
of a servo motor. The rope length of a load 3 is adjusted by a lifting and
lowering motor 7 in the form of a DC motor. As to displacement of the crane
main body, strain of the mast is detected by displacement sensors 8 and 9
in the form of a pair of strain gauges attached at the lowest portion of
the mast 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 derricking angle sensor 1.1
in the form of a potentiometer on the rotation axis at the lower end
portion of the jib. Sway angles 0 and  are detected by load angle sensors
12 and 13 in the form of potentiometers for derricking 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 Ull) and p go 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 4m.s. Ku]) and Kco in the figure are
gain-scheduled controllers in derricking direction and rotational
direction. Reference characters run and saw designate command values
(operation commands) in derricking  20  direction and rotational direction
and th, and ugh designate feedback signals in derricking direction and
rotational direction.      Since the gain-scheduled controller of the LFT
model uses LFT in which parameters Z and Y determined by the load-rope
length constitute perturbation, it is provided as a minor loop concerning
the controller. (32) Response of a target value to variation of the
load-rope length      A verification test of effectiveness of the
gain-scheduled control system with respect to variation of the load-rope
length has been made. As a result, it has been found th.at LIT]: 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
operator 



An experiment of control with respect to an operator's desired operation by
a feedback control system has been conducted on the condition that ratio of
feedback control command by the linear 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 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.  21      It has also been found that, with respect to derricking
angle of the jib, sway of the load in derricking direction and response of
the load-rope length occurring when disturbance caused by an outside factor
is applied to the load during operation, sway of the load due to such
disturbance is promptly reduced by the gain-scheduled controller.      In
the feedback control system in which the ratio between a feedback control
command by the linear combination operation section 16 and an operation
command is changed, the state equation of the object of control of the
linear combination control. system can be expressed by the above described
equations (5) and (6). This linear combination control can be applied by
inputg   (or us) , i.e., control command. to the derricking motor and
control command to the rotation motor which are input terms to the object
of control of the equations (5) and (6) to the following equation: u(or) =
( a X ) +13 x ubk(29) where = 0.85 - (f/2.5) (0-=-: a -:=1: 13 = 1 - a 



In this equation, arepresents the ratio of operator's  operation command
and 13 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, A and f may be a = 0.85, 8 =
0.15 and 172.5. These values can be changed freely depending upon factors
such as characteristics 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 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 ter ill 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 /I of the feedback control
command and the ratio a of the operation command. Final determination of
the ratio 13 of the feedback control command and the ratio a of the
operation command should preferably be made by comparing verification by
experiments with. 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%.  23 



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 derricking direction and a lower dimension model
in rotational direction of a tower crane.      FIG. 3 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.  24 



change of the linear combination ratio. Explanation of Reference Characters
1mast 2jib 3load 4rope 5rotation motor 6derricking motor 8displacement
sensor of crane main body (strain gauge) 9displacement sensor of crane main
body (strain gauge) 10rotation angle sensor 11der:ricking angle sensor 



12 13load angle sensors 14operation lever 15controller 16linear cow.bnation
operationo-  25 Claims  1. A method for controlling a jib crane by
calculating a linear fractional transformation CUM 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 (EIT) 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 and the operation command. 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 method
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 where 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  26
gain-scheduledcontrolwhichusesalinearfractional 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 thereby enabling the load to be moved to a
target position. 


