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| NVENTI ON This invention relates to a steadying (i.e., swing a103630-9
st oppi ng)/ positioning control device for perform ng the st eadyi ng and
positioning of a suspended |oad in a crane. The structure of a conventional
crane is showm in Fig. 3. As shown in Fig. 3, a gantry 3 is placed novably
across two rails 1 (right and left rails) laid on the ground. |ndependent
travel drive devices 11, 14 are providéd for noving the gantry 3 on each
rail 1. The travel drive devices 11, 14 are electrically connected to a

control device 2%@%1?}65‘%) &bﬁncﬁ’fﬁz(n%'m@?vwﬁrl%hm@éémo@rbmat i on

command for each e travel drive devices 11, 14. On the gantry 3, a
trolley 4 is borne so as to be novable transversely. Fromthe trolley 4, a

rope 5hhangs %@M@ug@% FnvPRETGy Wen an automatic run is to be nade
in such a cr ,

This invention relates to a steadying (i.e., swing
stopping) /positioning control device for performing the
steadying and positioning of a suspended load in a crane.

The structure of a conventional crane is shown in Fig.

As shown in Fig. 3, a gantry 3 is placed movably across
two rails 1 (right and left rails) laid on the ground.
Independent travel drive devices 11, 14 are provided for moving
the gantry 3 on each rail 1. The travel drive devices 11, 14
are electrically connected to a control device 21, while the
control device 21 produces an operation command for each of
the travel drive devices 11, 14.

On the gantry 3, atrolley 4 is borne so as to bemovable
transversely. From the trolley 4, a rope 5 hangs down to
suspend a load 6.

When an automatic run is to be made in such a crane,
it is necessary to position the suspended load 6 accurately
with respect to the traveling direction of the gantry 3, and
cause the suspended load 6 to rest at-a predetermined position.-

For this purpose, the gantry 3 must be positioned at
a given target position, and control for steadying the
suspended load 6 must be performed simultaneously.

Thus, a control system is provided for receiving
feedback on the traveling position and traveling speed of the
gantry 3 as well as the swing state of the suspended load, and
determining the amount of operation (such as speed command)
of the drive devices for the gantry 3.

That is, a traveling position detector 12 and a

traveling speed detector 13 are provided for detecting the
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it is necessary to position the suspended | dad 6 accurately with respect to
the traveling direction of the gantry 3, and cause the suspended load 6 to
rest at a predeterm ned position. For this purpose, the gantry 3 nust be
positioned at a given target position, and control for steadying the
suspended | oad 6 nust be performed sinultaneously. Thus, a control system
is provided for receiving feedback on2he traveling position and traveling
speed of the gantry 3 as well as the swing state of the suspended |oad, and

det er i ni ng tiH@velBaat PeIitoiear &t 1Al {oavel g speed xonResRACHValYe drive
fravel i ng speuatHoCenEey 34 The bt i e g eT | B e e o g
position x| amkd bavalswiggspetddnxdetectarett iisepftagied Kergdeftagti®don t he
right rail 1 évﬂn'(:f gtatq’es,T(}..Eh,e asgﬁfﬁé]qﬁgplacement x5 of the suspended

' load and a swing épeed x6 of the suspended load.

The control device 21 receives inputs of the measured
values x1, x2, x5 and x6 by the detectors 12, 13 and 17, as
shown in Fig. 4. By control computation, the control device
21 determines the amount of operation of the travel drive
devices 11, 14, and carries out control. '

In regard to control computation to be performed by
the control device 21, it is known that a control system for
positioning of the gantry and steadying of the suspended load
can be realized by building the gantry and the suspended load
into a bogie-pendulum system model as shown in Fig. 5, and
constructing an optimum regulator based on this model
(reference: "Mechanical System Control” Paragraph 6.2, Furuta
Katsuhisa et al., Ohm).

In recent'years, cranes have tended to be upsized.
Thus, misalignment between the right-hand traveling position
and the left-hand traveling position associated with the
structural deformation of the gantry 3 may increase. A demand
for positioning accuracy in an automatic run is becoming so
harsh that the influence of the misalignment between the right
and left traveling positions on positioning accuracy cannot
be ignored.

A conventional control system drives the right and
left drive systems by the same command, and thus is unable to
reduce the misalignment between the right and left traveling
positions to zero. As a result, the positioning accuracy for
the suspended load 6 lowers, posing the grave problem that at

the worst, required positioning accuracy cannot be fulfilled.



load 6, a swing notion detector 17 is attached for detecting sw ng states,
i.e., a swng displacenent x5 of the suspended | oad and a sw ng speed x6 of
t he suspended | oad. The control device 21 receives inputs of the neasured
val ues x|, x2, x5 and x6 by the detectors 12, 13 and 17, as shown in Fig.
4. By control conputation, the contrél device 21 determ nes the anmount of
operation of the travel drive devices 11, 14, and carries out control. In
regard to control put ation to be performed by the control device 21, it
i s known thaUMpiy THE, JNEENTION hositioning of the gantry and steadying
of the suspended | 0g¢eCBReBENE GGlieRRIoRYhdW iedhNEcédifp 1adHedy uadr t he
suspended | oad into a bogi e-pendul um system nodel as shown in Fig. 5, and
const r uct i ngthAseslrrunstannfsat ofheelkirrtopt Lhe dniysaklon Lafterryrade
"Mechani cal r Ol.: I , SMb Sa al., o).

I n recent ye§¥§§§%ﬁégﬂg?gzg§g§?g§gégﬁﬁgﬁgg ﬂ§§%§23?5$ﬁdggkﬁggg%ignnent
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posi tion ass88i:8<r:€ﬂuﬁ’\4cﬁ@ r_rieﬁt and left traveling positions and traveling

speeds, respectively, of a crane traveling on two rails across

them, right and left independent drive devices, and an
arithmetic means for determining the amounts of operation of
the right and left drive devices based on the measured values
from the detectors as inputs.

As described above, the control system is so
constructed as to have traveling position detectors and
traveling speed detectors for detecting the right and left .
traveling positions and traveling speeds, respectively, of a
crane traveling on two rails across them, and right and left
independent drive devices, and to determine the amounts of
operation of the right and left drive devices based on the
measured values from the detectors as inputs. Thus, the
control system can simultaneously perform positioning for the
right and left traveling positions, and the steadying of the
suspended load.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view showing the overall
construction of a steadying control device in an embodiment
of the present invention:;

Fig. 2 is a block diagram of the steadying control
device in the embodiment of the present invention:

Fig. 3 is a schematic view showing the overall
construction of a conventional steadying control device:

Fig. 4 is a block diagram of the conventional steadying
control device; and



structural deformation of the gantry 3 may i‘'ncrease. A demand for

posi tioning accuracy in an automatic run is becoming so harsh that the

i nfluence of the msalignnment between the right and | eft traveling
positions on positioning accuracy cannot be ignored. A conventional control
systemdrives the right and |eft drige systens by the sanme command, and
thus is unable to reduce the m salignnent between the right and | eft
traveling positions _to zero. As a.result, the posjtioning accuracy for the
suspended | oad 6 | ofifs.> p3AhE P HRIRHeCFPBHIbRRONES £ o9l tor:

requi red positdaiRgadacyr agspaiaaotiohe. ful fill ed. SUMMVARY OF THE

| NVENTI ON The present invention has been acconplished under these

ci rcunst ances. The object ofthe invention is toprovide a

posi ti oni ng/ stERMEMBESORT PETON YOIt EREWRCHERREMD EMBESIMNENNGe! | Ng position
detectors and traveling speed detectors for L ‘

A suspended load steadying/positioning control device
related to an embodiment of the present invention is shown in
Figs. 1 and 2. Fig. 1 is a schematic view showing the overall
construction of the crane and control system according to the
instant embodiment. Fig. 2 is a block diagram of the control
device of this embodiment. The same parts as in the
aforementioned example are assigned the same numerals and

- symbols, and explanations for them are omitted.

As shown in Fig. 1, the suspended load
steadying/positioning control device of the instant
embodiment is equipped with a right-hand traveling position
detector 12 and a right-hand traveling speed detector 13 for
detecting the traveling position x1 and traveling speed x2 of
a gantry 4 on a right rail 1 in Fig. 1, and is also equipped
with a left-hand traveling position detector 15 and a left-hand
traveling speed detector 16 for detecting the traveling
position x3 and traveling speed x4 of the gantry 4 on a left
rail 1 in the drawing.

To detect the swing state of a suspended load 6, a swing
motion detector 17 is mounted on the suspended load 6 to detect
a swing displacement x5 and swing speed x6 of the suspended
load 6 in the traveling direction by use of an accelerometer
or the like.

The control device 21 receives inputs of detection
signals x1, x2, x3, x4, x5 and x6 from the detectors 12, 13,
15, 16 and 17, computes the amounts of optimum operation
necessary for returning to zero the entered motion state
amounts, i.e., the right and left traveling positions and

traveling speeds, the swing displacement and swing speed of



detecting the right and left traveling'positions and traveling speeds,
-respectively, of a crane traveling on two rails across them right and |eft
i ndependent drive devices, and an arithmetic nmeans for determ ning the
anounts of operation of the right and left drive devices based on the
measured val ues fromthe detectors as inputs. As described above, the
control systemis so constructed as5to have traveling position detectors
and traveling speed detectors for detecting the right and left traveling
posi ti ons andtheSusPeRged geads, ancdeipas 9@?9?0%?05“9%?%@&%‘? vetq f§%on two

rails across them & i1kkghtrand befleididaperdent dgive devices, and to

determ ne the amounts of operation of the right and left drive devices
based on the neasur edsvahews ify §igt hée Bt OBEERYM a3teadilng. 9FRLsK e
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based on this optimum gain K, computes the amounts of optimum
operation in response to the right and left traveling positions
and traveling speeds, the swing displacement and swing speed
of the suspended load 6 that have been entered from the
detectors 12, 13, 15, 16 and 17, and performs optimum
steadying/positioning control by the right and left travel
drive devices 11, 14.

The foregoing suspended load steadying/positioning
control device concerned with the instant embodiment performs:
optimum steadying/positioning control by the following
concrete processing steps (1)} to (3):

(1) The detectors 12, 13, 15, 16 and 17 detect the traveling
positions and traveling speeds of the right and left drive
devices, as well as the motion state amount of the suspended
load 6, and issues these data to the control device 21. - -
(2) Then, based on these motion staté amounts, the optimum
control portion 22 calculates speed commands ul, u2 for the
right and left drive devices 11, 14 according to the
computation of optimum steadying control using the following -

Numeric Expression 1:
u=Kx

where u represents an operation amount vector to be described
below, ul represents a speed command for the right-hand drive
device 11, and u2 tepresents a speed command for the left-

hand drive device 14. That is, the following Numeric



construction of a steadying control deVice in an enbodi nent of the present

i nvention; Fig. 2 is a block diagram of the steadying control device in the
enbodi ment of the present invention; Fig. 3 is a schematic view show ng the
overal |l construction of a conventional steadying control device; Fig. 4 is
a bl ock diagram of the conventional steadying control device; and 4 Fig.
5 is an expl anatory draw ng showi ng abnodel with a gantry and a suspended

| oad. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS A suspended | oad

st eadyi ng/ poSixpressign chritaldls:devi ce rel ated to an enbodi nent of the
present invention is shown in Figs. 1 and 2. Fig. 1 is a schematic view
showi ng the overall construction of the crane and control system according

to the T
u=[ul u2]

In the Numeric Expression 1, x represents a state amount vector
to be described below. Its elements are, in order of
arrangement from left to right, a right-hand traveling
position x1 and a right-hand traveling speed x2, a left-hand
traveling position x3 and a left-hand traveling speed x4, a
swing displacément x5 and a swing speed x6 of the suspended
load. That is, the following Numeric Expression 3 holds:

x=[x] x2 x3 x4 x5 x6]

Further, K represents a constants matrix with 2 rows
and 6 columns shown below. -

K= k11 k12 k13 k14 k15 k16
“l&k21 k22 k23 k24 k25 k26

The above constants matrix K is an optimum gain
determined by the following procedure:

(a) Frommotion equations formulated for the right
and left travel drive devices 11, 14, gantry 3, rope 5 and
suspended load 6, a state equation (Numeric Expression 5) as
indicated below, is derived. This state equation is a linear
differential equation expressing the vibrations of the

suspended load 6 as a spring-mass system.



instant enbodinent. Fig. 2 is a block diagram of the control device of this
ehbodi nent. The sane parts as in the aforenenti oned exanpl e are assi gned

t he sane nuneral s and synbols, and explanations for themare omtted. As
shown in Fig. 1, the suspended | oad steadyi ng/positioning control device of
t he instant enbodi ment is equipped with a right-hand traveling position
detector 12 and a right-hand traveling speed detector 13 for detecting the
traveling position x|l and traveling sg@ed x2 of a gantry 4 on a right rai
1inFig. 1, and is also equipped with a |left-hand traveling position
detector 15 and a left-hand travel ing speed detector 16 for detecting the
travel i ng position x3 and travekiT d x4 of the gantry 4 on a left rai
1 in the drawing. To detect the swing state of a suspended |oad 6, a sw ng
notion detector 17 is nounted on the suspended |load 6 to detect a sw ng

di spl acenent x5 and swi ng speed x6 of the suspended load 6 in the traveling
direction by wkerefu andagcedpresent etheofohendntkioned operation amount

vector and state amount vector, respectively, A represents a
transition matrix with 6 rows and 6 columns, and B represents
a drive matrix with 6 rows and 2 columns.

(b) For the above state equation (Numeric
Expression 5), the optimum gain K of Numeric Expression 7 that
minimizes an évaluation function J of Numeric Expression 6

below is sought.
J= J: (xTQx+ uTRu)dt

where Q and R represent weighting matrices with 6 rows and 6

columns and 2 rows and 2 columns, réspectively.'

u=Kx

By so minimizing the evaluation function J, the
optimum gain K is found which rapidly reduces all elements of
the state amount to zero with the smallest possible operation
amount u.

(3) Based on the optimum gain K obtained by the above-
described computation, the optimum control portion 22

determines optimum operation amounts adapted to the motion
state amounts and the run state by the detectors 12, 13, 15,
16 and 17, and issues the optimal operation amounts as control
command signals for_the right and left drive devices 11, 14.



‘The control device 21 receives inputs of detection signals xlI, x2, x3, x4,
x5 and x6 fromthe detectors 12, 13, 15, 16 and 17, conputes the anmounts of
opti mum operation necessary for returning to zero the entered notion state
anounts, i.e., the right and left traveling positions and traveling speeds,
the swi ng di spl acenent and sw ng speed ,of 5 the suspended | oad, and

i ssues control command signals to the Pight and left travel drive devices
11, 14. As shown in Fig. 2, an optinum steadying gain Kis separately
precal cul at e8yatmipings them pcchedsam trothalsigoel D1 theheptdanny ePntgwd ce 21

Compiit 65 t he PIREHRY &P obe i b m b eI FEE i Bl EOY R ef ¢
travel i ng posighbtnandnikfir &vevehing pesdsionde awl myeddyphacefdime and swi ng
speed of thesﬁ%ﬁ&ﬁ&&?ﬁx&&?%.G t hat have been entered fromthe

Such optimum control can eliminate the misalignment
between the right and left traveling positions, achieve the
steadying of the suspended load, and ensure highly accurate
positioning of the suspended load.

As described based on the embodiment, the present
invention has traveling position detectors and traveling speed
detectors for detecting the right and left traveling positions
and traveling speeds, respectively, of a crane traveling on
two rails across them, and right and left independent drive
systems, and computes the amounts of operation of the drive
devices by means of an optimum regulator. Thus, the invention
permits the accurate positioning of a suspended load even in
a crane having structural deformation.



detectors 12, 13, 15, 16 and 17, and perforns opti num steadyi ng/ positi oning
cont rﬂlmmllumlluuﬂm"rnd left travel drive devices 11, 14.. The foregoing
suspée ng/ posi ti oning control device concerned with the

i nstant €nbddi ftent performs optimum st eadyi ng/ positioning control by the
foll ow ng concrete processing steps ( to (3): (1) The detectors 12,

13, 15, 16 and 17 detect the traveli n:}) positions and traveling speeds of

the right and left drive devices, as well as the notion state anount of the
suspended | oGHABRYS and i ssues these data to the control device 21. (2)

cal Cul at o5 spoed coRRREEToES Toat EaiRe pof ARE AR SR el (0" 1

14 accor di ngcomptiwimpnput ati on of opti mum st eadyi ng control using the
foll owi ng Nuneric Exglr essi

amount vector to be™ 8?8??‘892’&161&#3%, %Y%%%gge‘h‘? {rggseégtgzaggoﬁ&a%ti‘gp t he
ri ght-hand deaves, said crane suspending a load by a rope or the like and

traveling on the rails across them;

position d_etectors for detecting the traveling
position of the crane on each rail; |

speed detectors for detecting the traveling speed of
the crane on each rail;

a suspénded load swing displacement detector; and

arithmetic means for calculating, based on inputs,
operation commands for the drive devices at two locations, said
inputs being the measured values of the traveling positions
at two locations by the position detectors, the measured values
of the speeds at two locations by the speed detectors, and the
measured value of the displacement of the suspended load by
the suspended load swing displacement detector.
2. The suspended load steadying/positioﬂing control
device of claim 1, wherein based on an optimum steadying gain
which has been calculated and set separately, the arithmetic
means computes the amount of optimum operation in response to
the right and left traveli'ng positions and tréveling speeds,
the swing displacement and swing speed of the suspended load
that have been entered from the detectors, and performs optimum
steadying/positioning control by the drive devices.



device 11, and u2 represents a speed command for the left- hand drive
-déevice 14. That is, the follow ng Nuneric 6 Expression 2 holds: u =[ul
u2][err] I.n the Nuneric Expression 1, x represents a state anount vector to
be described below. Its elenents are, in order of arrangenment fromleft to
right, a right-hand traveling positiompxl and a right-hand traveling speed
x2, a left-hand traveling position x3 and a |eft-hand traveling speed x4, a
swi ng di splacenent x5 and a swing speed x6 of the suspended |oad. That is,
the foll owing Nuneric Expression 3 hOPEERAGT =[ x| x2 x3 x4 x5 x6] Further, K

represents a@%’ﬁﬁ@@f s 03" SYeRbY &/ P OLTT POR1Re CCONTREL ShEYR el oW K =

kil k12 k13

A suspended load steadying/positioning control device
comprises independent drive devices 11, 14 for moving a crane
4 on two rails 1, the crane suspending a load by a rope 5 or
the like and traveling on the rails 1 across them; position
detectors 12, 15 for detecting the traveling position of the
crane on each rail 1; speed detectors 13, 16 for detecting the
traveling speed of the crane on each rail 1; a suspended load
swing displacement detector 17; and an arithmetic means 21 for
calculating, based on inputs, operation commands for the drive

- devices 11, 14 at two locations, the inputs being the measured
values of the traveling positions at two locations by the
position detectors 12, 15, the measured values of the speeds
at two locations by the speed detectors 13, 16, and the measured
value of the displacement of the suspended load by the
suspended load swing displacement detector 17. Thus, the
suspended load can be accurately positioned even in a crane

'having a structural deformation.

FIGURE 1



k2l - k22 k23 k24 k25 k26 The above constants matrix K is. an optimum gain
determ ned by the foll ow ng procedure: (a) “From noti on equations

formul ated for the right and left travel drive devices 11, 14, gantry 3,
rope 5 and suspended |load 6, a state equation (Nuneric Expression 5) as

i ndicated below, is derived. This state equation is a linear differential
equati on expressing the vibrations of t%e suspended | oad 6 as a spring-mass
system 7 [err] x=Ax+Bu where u,anq;% represent the aforenmentioned
operation anount vector and state ano&nt vector, respectively, A represents
atransition matrix with 6 rows and Qiqglunns and B represents a drive

matrix with 6 rows and 2>colums. (b)aQ For ZHe akove state equation
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Expreession 5), the optinmumgain K of Nuneric-Expression 7 that m nimzes an
eval uation function J of Nunmeric Expression 6 belowis sought. J = [err]
where Q and R represent weighting matrices with 6 rows and 6 colums and 2
rows and 2 columms, respectively. u=Kx By so mnimzing the eval uation
function J, the optinmumgain Kis found which rapidly reduces all elenents
of the state anobunt to zero with the SE§}$eSt possi bl e operation anount u.
(3) Based on the optimum gain K obtdithed by the above- descri bed
conputation, the optinmumcontrol portion 22 determ nes optinmum operation
anounts adapted to the notion state amounts and the run state by the
detectors 12, 13, 15, 16 and 17, and issues the optinal operation anpunts
as control command signals for the right and | eft drive devices 11, 14.
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8 By driving them according to the signals, the opti numcontrol portion 22
performs optimum control for positioning for the right and left traveling
positions, and steadying of the suspended |oad 6. Such optimum control can
elimnate the msalignnment between the right and left traveling positions,
achi eve the-steadying of the suspended | oad, and ensure highly accurate
positioning of the suspended | oad. As_described based on the enbodi nent,
the present invention has traveling péii i on detectors and traveling speed
detectors for detecting the right and left traveling positions and
travel i ng speeds, respectively, of a crane traveling on tw rails across
them and right and | eft i ndependent I ve systens, and conputes the
anounts of operation of the drive devf§9§ by means of an optimum regul ator.
Thus, the invention permts-the accur ahed osittonipg of a suspended | oad
even in a crane having strfetural def (ﬂnﬁ% on. £=S
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‘9 CLAIMS 1. A suspended | oad st eadyi ng/positioning control device
conprising: independent drive devices for noving a crane on two rails, said
crane suspending a load by a rope or the like and traveling on the rails
across them position detectors for detecting the traveling position of the
crane on each rail; speed detectors for detecting the traveling speed of
the crane on each rail; a suspended |q swi ng di spl acenent detector; and
arithnetic means for cal cul ating, base n inputs, operation conmands for
the drive devices at two | ocations, said inputs being the neasured val ues
of the traveling positions at two | ocations by the position detectors, the
measur ed val ues
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of the speeds at two |ocations by the speed detectors, and the neasured

val ue of the displacenent of the suspended | oad by the suspended -l oad sw ng
di spl acenent detector. 2. The suspended | oad steadyi ng/ positioning
control device of claim1, wherein based on an opti num st eadyi ng gai n which
has been cal cul ated and set separately, the arithnetic neans conputes the
anount of optinmum operation in respogﬁﬁ%to the right and left traveling
positions and traveling speeds, the i'hg di spl acenent and swi ng speed of

t he suspended | oad that have been entered fromthe detectors, and perforns
opti mum st eadyi ng/ posi ti oni ng con#fﬁ)(;x’f%e drive devi ces.
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