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SPECIFICATICN 1. TITLE OF THE | NVENTI ON A SMAYING HO:STED LOAD- PI ECE
DARPI NG CONTROL APPARATUS 2. FIELD OF THE | NVENTI ON' AND RELATED ART

STATEMENT 5 : (1) Fielkd of -the Inventhon The present |nvent|on
relates to a swaying hoi st ed | oad- pi ece danpi ng cont r olmy,@ B Hik Béen
detailedly relates to a swayi ng hoi sted | oad- pi ece danpi
apparatus for a | oad-piece hoisting device used in a lar “mmlmm“l
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| oad- pi ece lifting container crane and the l|ike. (2) EES
Prior Art Fig.6 shows an overall configuration of a swaying

SPECIFICATION

e

1. TITLE OF THE INVENTION
A SWAYING HOISTED LOAD-PIECE DAMPING CONTROL APPARATUS
2. FIELD OF THE INVENTION AND RELATED ART STATEMENT
5 (1) Field of the Invention
The present invention relates to a swaying hoisted
load-piece damping control apparatus, and more detailedly
relates to a swaying hoisted load-piece damping control
apparatus for a load-piece hoisting device used in a large-
10 scale load-piece lifting container crane and the like.
(2) Description of the Prior Art
Flg 6 shows an overall configuration of a swaying
hoisted lgad—plece damplng apparatus for used in a
conventional container crane and Fig.7 shows operating states
15 of the conventional swaYing hoisted load-piece damping
apparatus. |
As shown in Fig.6, a transverse trolley 1l is provided
transversally movable (movable in the side-to-side directions
in Fig.6) on an unillustrated main crane girder. The
20 transverse trolley 11 has a pair of rails 12 and 13 thereon
which guide a pair of sheave blocks 14 and 15, respectively
so that the sheave blocks 14 and 15 can move within short
range in parallel with the moving direction of -the transverse
trolley 11. The transverse trolley 1l is connected through a

25 wire 16 to a trolley driver 17 disposed on the main girder
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h0|stgd Ioad pi ece danpi ng apparatus for used in a conveniional—contai-her
crarfeand Fig.7 shows operating states 15 of the conveﬁﬁkﬂaﬁh maylng .
hoi st ed | oad- pi ece danpi ng apparatus. As shown in Fig.®6, eplaced ]
trolley 11 is provided transversally novable (novable in t tﬂw
directions in Fig.6) on an unillustrated main crane girder’

transverse trolley 11 has a pair of rails 12 and 13 thereon which guide a
pair of sheave blocks 14 and 15, respectively so that the sheave blocks 14

and 15 can nove within short range in parallel with the noving direction of
t he transverse(PPBIFB?WEi.°?h¥hﬂ%§n§9§r§€aPFHFF§§ §E°4§e¥bﬁﬁe%9385rhrg

sheave blocks 14 and 15 have respective sheave block drivers
18 and 19 for driving the sheave blocks 14 and 15. A
hoisting attachment 22 is hanged from the transverse trolley
5 11 ﬁhrough winding wires 20. This hoisting attachment 22
hoists a container 23 as a hoisted load-piece. Here, as
shown in Fig.6, the hoisting attachment 22 has a detecting
mark 21 for detecting the sway of the hoiéted load-piece.
In stopping the sway of such a load-piece hoisfing
10 device, the operator in the operator cab, visually observing
the motion of the hoisting attachment 2, used to perform
manual remote-control operations in the following manner.
That is, in the state shown in Fig.6, when the trolley
drivers 17 dri#es the transverse trolley 11 from the left to
i5 the right in a direction shown by an arrow a, if the movement
of the transverse trollej 11 is changed from the constant-
speed transverse-traQel mode to the retarding travel mode,
the hoisted load-piece 23 hanged by the hoisting attachment
22 sways rightward (forward) due to its inertia, as indicated
20 by.an arrow B in Fig.7(a). As the operator in the operator
cab watches the detecting mark 21 on the hoisting attachment
22 and perceives the sway, the operator controls the
transverse trolley 11 to.accelerate as indicated by'an arrow
¥ in Fig.7(b), in conformity with the transverse sway of the

25 hoisted load~piece 23 (in the aforementioned direction of the



25  wire 16 to a trolley driver 17 disposed on the nmain girder 2 (not
sﬁdﬁn) on which the transverse trolley 11 noves. The sheave btocks—i4—and-

15 have respective sheave block drivers 18 and 19 for dripyi ﬂmlﬂngg ave .
bl ocks 14 and 15. A hoisting attachnment 22 is hanged from ©
trolley 5 11 through wi nding wires 20. Thi s hoi sting iﬂﬂgﬁ!ﬁgﬁﬁ ’
hoi sts a container 23 as a hoisted | oad-pi ece. Here, as sh i t he

hoi sting attachnment 22 has a detecting

arrow ). Alternatively, the two éheave blocks 14, 15 may be
controlled to move in the same direction with fhe swaying
direction of the hoisted load-piece 23 by activating the
sheave block drivers 18, 19. .Thereafter, the operator tries
5 to control the transverse trolley 1l to retard in time with
the reverse motion of the hoisted load-piece 23 after the
trolley completes a forward-swing of a certain magnitude or
should control the sheave blocks 14, 15 to move in the
opposite direction to the aforementioned direction so that
10 the transversally swinging load-piece is dampened to stop.
In the case shown in Fig.6, if, for example, the
hoisted load-piece 23 slues clockwise causing skew sway on a
plane as indicated by arrows A, the operator again percéives
it from the movement of the detecting mark 21 and activates
15 ‘the driver 18, 19 so as to move the shéave block 15 leftward
(in the direction shown by an arrow B) and the other sheave
block 14 rightward (in the direction éhown by an arrow C) in
synchronism with the skew sway. To deal with a repulsive
swing of the hoisted load-piece 23, the sheave biocks 14, 15
20 may and should be driven in the opposite directions to those
described above, so that the skew way is attenuated to stop.
The conventional, swaying hoisted load-piece damping
apparatus in which sway is manually stopped by the operator,
however, suffers from problems as follows:

25 That is, as stated above, it is true that simple



_nark 21 for detecting the sway of the hoisted |oad-piece.—ln stopping the
sway of such a | oad-piece hoisting 10 devi ce, the operator I n the

operator cab, visually observing the notion of the hoild twaam

used to perform nanual renote-control operations in th ner”
That is, in the state shown in Fig.6, when the troIIey ves|
the transverse trolley 11 fromthe left to 15 the right |n a t|o
shown by an arrow [err], if the novenent of the transverse troIIey 11 is

changed fromthe constant- speed transverse travel node to the retarding
travel nodetrddifsviisd afvdpask i BGsl & BN gRehP Yot Rthe i 4t aldaﬂ;-kpme‘&e 22

sways rightward (forward) due to its inertia, as indicated
23 can be attenuated and stopped by the operator by
accelerating and/or retarding the transverse trolley 11 or by
moving the sheave blocks 14,15 in synchronism with the
5 swinging state of the hoisting attachment 22. But, if

transverse sway and skew sway occur at the same time and
cause the hoisted load-piece 23 to make a complex motion, it
becomes difficult or practically impossible for the operator
to manually drive the transverse trolley 11 or the sheave

10  blocks 14, 15 well enough to deal with the situation.

As soon as the hoisted lbad-piece 23 is stopped to
sway, the sheave blocks must normally be returned by force to
their home positions or the middle of the transverse trolley
11 with respec£ to the transverse direction, so that the two

15 (left and right) sheaves 14 and 15 can move in either
transverse direction to prepare for a next swing of the
hoisted load-piece 23. 1In drder to improve the efficiency of
conveying the hoisted load-piece 23, the transverse trolley
11 must be driven at a maximum'speed during it travels

20 transversally. When the ﬁoisted ioad-piece 23 comes near a
target position where it is to be unloaded onto the ground,
the transverse trolley 11 should be retarded so as tb stop at
the target position and.then need be sﬁopped at the target
position where the load-piece is unloaded. To sum up, it is

25 necessary to effect, all at once, position or control of the



20 by an arrow [err] in Fig.7(a). As the operator in the operator cab

wat ches the detecting mark 21 on the hoisting attachﬁﬁﬁt*??-aﬁd-peLeeLMes
the sway, the operator controls the transverse troI 1} accelerate as
indicated by an arrowy in Fig.7(b), in conformty e smey
of the 25 hoi sted | oad-pi ece 23 (in the aforenen |o u the
REPLACEMENT SHEET 3 arrow [err]). Alternatively, the t

15 may be

sheave blocks 14 and 15, ﬁelocity and/or.position'control of
the transverse trolley 11 in conformity with the transverse
position and conditions, other than the control of damping
the swaying hoisted load—piece 23. Nevertheless, since the

5 conventional sway—damping operation is manually effected by
the.operator, the controlling operation requires the toughest
ﬁechniques.for even the skilled operators.
3. OBJECT AND SUMMARY OF THE INVENTION

The present invention has.been achieved to solve the

10 above problems and it is therefore an object of the preaent
invention to provide a swaying.hoisted load-piece damping
control apparatus which simplifies the operation of damping
swaying hoisted load-piece and is able to achieve the damping
operation in an assured manner.

15 - Another object of the present invention is to provide a
swaying hoisted load-piece damping control apparatus which is
able to realize an'optimal control for damping and stopping a
swaying hoisted load-piece as fast as possible by automating

the complicated swaying hoisted load-piece damping operation.

20
A further object of the present invention is to provide
a swaying hoisted load-piece damping control apparatus which
is able to improve the work efficiency of conveying hoisted
load-pieces by markedly reducing the work amount of the
25 operator and the time required for sway dampiﬁg.



controlled to nove in the same direction with the s ng dleE?TBﬁ*Uf‘%he
hdi st ed | oad- pi ece 23 by activating the sheave bl ock ol
Thereafter, the operator tries 5 to control the t an ] to
retard in time with the reverse notion of the hoiste Mﬂ ter
the trolley conpletes a forward-swing of a certain nagnltude 0

control the sheave blocks 14, 15 to nove in the opposite direction to the
af orenenti oned direction so that 10 the transversally sw nging

| oad- pi ece i s danpened to stop. In the case shown in Fig.6, if, for

exanpl e, the hoisted bgddrpitecatZiial #de abevleWodbsetdiesi agssalag\ﬂnwl%&ea

pl ane as indicated by arrows A the operator again perceives
load-piece damping control apparatus (an apparatus defined in
Claim 1) for use in a load-piece hoisting device having a
transverse trolley for hoiéting a load-piece, and a pair of,
5 or right and left, sheave.blocks which are disposed along
moving directions of the transverse trolley in parallel with
the sides of the transverse trolley and movable relative to
the transverse trolley, comprises: trolley moving condition
quantity detectors for detecting moving condition quantities
10 of the transverse trolley; hoisted load-piece moving
condition gquantity detectors for detecting moving condition
quantities on right and left sides of the load-piece hoisted
by the transverse trolley; sheave-block moving condition
quantity detectors for detecting moving condition quantities
15  of the right and left sheave blocks; a notch-driving control
quantity detector for detecting transverse notch-driving
control quantity of the trolley controlled by means of'an.
operation controlling panel; and a controller for effecting
sway-damping control of the load-piece hoisting device based
20 on detection signals obtained from the detectors, and
constructed such that the'controllerlhas an optimizing
control unit which sets up optional controlling quantities
for the hoisted load-piece in accordance with moving
condition éuantities and notch-driving control quantity

25 detected from said detectors, on the basis of a preset
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ist fromthe novenent of the detecting mark 21 and activates 15— the——

driver 18, 19 so as to nove the sheave block 15 | eftwarg G ?ctlon
shown by an arrow B) and the other sheave bl ock 14 right

direction shown by an arrow C) in synchronismwth the mﬁm "ﬂmeal
with a repul sive swing of the hoisted | oad-piece 23, th s 14,
15 20 may and should be driven in the opposite directions to those
descri bed above, so that the skew way is attenuated to stop. The
conventional, swaying hoi sted | oad-pi ece danpi ng apparatus in which sway is

manual | y st oppefmdy §henoperatway Hewmpyng, andfpesfbrms) pwap-aampifig
foll ows: 25 That is, as stated above, It is true that sinple
control by driving said transverse trolley and said sheave
blocks in accordance with the setup optimal controlling
quéntities.
5 Accordihg to the present invention, in the swaying
hoisted load-piece damping control apparatus defined in Claim
1, the controller comprises: an operating condition
determining unit which detects the operating condition of the
transverse trolley, based on detected signals of the
10 operating cdndition quantities and the notch-driving control
quantity for the transverse trolley; an operating-condition-
classifying optimal-gain selecting unit which, in accordance
with the operating condition detected by the operating
condition determining unit, selects an operating-condition-
15 classifying optimal gain for sway damping from a plurality of
predetermined optimal gains; and an optimizing control unit
which, based on the optimal gain outputted from the -
operating-condition-classifying optimal-gain selecting unit,
sets up optimal cbntroliing quantities for the hoisted load-
20 piece and performs sway-damping control by driving the
transverse trolley and the sheave blocks in accordance with
the setup opﬁimal controlling quantities.
' According to the present invention, in the swaying
hoisted load-piece daﬁping control apparatus defined in Claim

25 . 1, the controller comprises: an independently controlling



REPLACENENT SHEET 4 transverse sway or sinple skew swa

| dad- pi ece 23 can be attenuated and stopped by the operator
and/or retarding the transverse trolley 11 or by nDV|ngThduma§hgﬁye bl ocks

attachnent 22. But, if transverse sway and skew sway oc
time and cause the h0|sted | oad- pi ece 23 to nmake a conpl

14,15 in synchronismwith the 5 swi ngi ng state of theHM eenRTﬁ‘aced !
e

10

15

20

25

optimal-gain calculating unit which calculates independent
optimal gains used to control transverse sway and skew sway
of the hoisted load-piece, independently one from the other
and outputs the calculated optimal gains; and an optimizing
contrel unit for effecting sway-damping control which, based
on the optimal gains outputted from the independently
cdntrolling optimal-gain calculating unit, sets up optimal
controlling quantities for hoisted load-piece and performs
sway-damping control.by driving the transverse trolley to
damp transverse sway of the load-piece and driving the right
and left sheave blocks to damp skew sway of the load-piece.
According to the present invention, in the swaying
hoisted load-piece damping  control apparatus defined in Claim
1, the controller comprises: an independently controlling
optimal-gain calculating unit which calculates independent
optimal gains used to.control transverse sway and skew sway
of the hoisted load-piece, independently one from the other
and outputs the calculated optimal gains; an operating
condition determining unit which detects the operating
condition of the transverse‘trolley, based on detected
signals of the operating condition quantities and the notch-
driving control quantity for the transverse trolley; an
operating-condition~classifying optimal-gain selecting unit
which, in accordance with the operating condition detected by

the operating condition determining unit, selects a preset

of the hoi st ed
Ln

g



becomes difficult or practically inpossible for the operator to nmanually
drive the transverse trolley 11 or ‘the sheave 10 bl ocks 14, 15 well
enough to deal with the situation. As soon as the hoi ste’ﬂnd&hasﬂH eﬁ'

stopped to sway, the sheave bl ocks nust normal ly be retur ',H"Iuﬂ

their hone positions or the mddle of the transverse troll i
respect to the transverse direction, so that the two 15 ht)
sheaves 14 and 15 can nove in either transverse direction to prepar e for a
next swing of the hoisted | oad-piece 23. In order to inprove the efficiency
of conveyi n@gdratigigicshd Detbmt Ets L ying spBityErgein ron | &y dderamsinge
driven at a maxi num speed during it travels
condition-classifying optimal gain set up by the
independently controlling o?timal—gain calculating unit and.
outputs the selected gain; and an optimizing control unit
5 which, based on the optimal gain outputted from the
operating-condition-classifying optimal-gain selecting unit,
sets up optimal controlling quantities for the hoisted load-
piece and performs sway-damping control by driving the
transverse trolley and the sheave blocks in accordance with
10 the setup optimal controlling quantities.

In accordance with the swaying hoisted load-piece
damping control apparatus of the present invention, as the
container crane is activated, detection signals as to moving
condition quantities are deﬁected by the transverse trolley

15 moving condition quantity detector, the right- anﬁ left-
sheave-block operéting condition quantity detectors and the
‘hoisted load-piece mo?ing condition quantity detectors for
detecting the movement on right and left sides of the load-
piece while the operating quantity signal is detected by the

20 notch-driving control quantity detector. The thus detected
signals are éént to the controller. In the controller, an
optimal gain for sway damping is previousiy determined in
conformity with the moving condition quantities of the

hoisted load-piece such as transverse sway and skew sway

25' during the transverse trolley travels transversally, at the



ZQ ~ transversally. \Wen the hoisted | oad-piece 23 cones near a target
position where it is to be unloaded onto the ground, the transverse trottey

11 should be retarded so as to stop at the target positi ofy; th need be
stopped at the target position where the |oad-piece is unl . ,
It is 25 necessary to effect, all at once, position or % @" ,

5 REPLACEMENT SHEET sheave bl ocks 14 and

and/ or position control of the transverse trolley 11 in conformty with the
transverse

time of retardation for positioning, or in the stopping
state, and then the optimizing control unit effects sway-
daﬁping control by driving the transverse trolley and the
sheave blocks by optimal controlling quantities set up in

5 accordance with operating condition quantities of the hoisted
load-piece on the basis of the optimal gain;_

The operating condition determining unit, based on the
signals from the transverse trolley moving condition
detectors and from the notch-driving control quantity

10 detector, determines which condition the transverse trolley
is in, specifically, the condition in which the transverse
trolley travels, the condition in which the trolley is
retarded for positioning or the condition in which the
trolley is stopped with the hoisted load-piece swaying alone.

15 The determined signal is outputted to the operating-
condition-classifying optimal Qain selecting unit. This
operating-condition-classifying optimal gain selecting unit,
as receiving the determine signal, selects any one of optimal
gains previously set up aecording to plural classifying

20 operating conditions and outputs the thus selected optimal
gain to the optimizing control unit. The optimizing control
unit sets up an optimal controlling quantity in accordance
with the moving condition quantity of the hoisted load-piece
on the basis of the selected optimal gain and drives the

25 transverse trolley and the sheave blocks by the thus set up

- 10 -



wayi ng

position and conditions, other than the control of danping the s
hoi sted | oad-pi ece 23. Nevertheless, since the 5 conventtonal
sway- danpi ng operation is manually effected by the operatgr ‘the

controlling operation requires the toughest techniques fo eqt Ha i 4
operators. 3. OBJECT AND SUMVARY OF THE | NVENTI ON The presen r
been achi eved to solve the 10 above problens and it is:th

obj ect of the present invention to provide a swaying hoisted | oad-piece
danpi ng control apparatus which sinplifies the operation of danping swaying

hoi sted | oad-pi ece and is able to achi eve the [ '
assur ed nanﬁg?pptimal controlling quantities,(¥gn¥ﬁgkég§”§gffgkﬁrgégy—

damping control.
The independently controlling optimal gain calculating

unit calculates a required optimal gain for damping

5 transverse sway and skew sway of the hoisted load-piece so as
to output it to the optimizing control unit. The optimizing
control unit effects sway-damping control by driving the
transverse trolley based on the optimal gain component for
damping transverse sway and driving the right and left sheave.

10 blocks based on the optimal gain component for damping skew
sway. |

The independently controlling optimal gain calculating

unit calculates a required optimal gain for damping
transverse sway and skew sway of the hoisted load-piece so as

15 to output it to the operating-condition-classifying optimal
gain selecting unit while the operating condition determining
unit, based on the signals from the transverse trolley
operating condition'detectors and from the notch-driving
control Quantity detector, determines which condition the

20 transverse trolley is in, specificaliy, thé condition in
which the transverse trolley travels, the condition in which
the trolley is retarded for positioning or the condition in
which the trolley is stopped with the hoisted load-piece
swaying alone and outputs the determined signal to the

25 operating-condition-classifying optimal gain selecting unit.

- 11 -



L5 Anot her object of the present invention is to_provide a sway-ng—

hoi st ed | oad- pi ece danping control apparatus which is able to realize an

optimal control for dampi ng and stopping a swayi ng h0|stednﬁmﬂmﬂ laced -
fast as possible by automati ng the conplicated swayi ng ths ﬁ]
danmpi ng operation. 20 A further object of the present inVen ;
provi de a swayi ng hoi sted | oad- pi ece danpi ng contr ol apparatus mhlch S

able to inmprove the work efficiency of conveying hoisted | oad- pi eces by

mar kedly reducing the work amount of the 25 - operator and the tine

required for sway danping.
The operating-condition-classifying optimal gain selecting

unit, as receiving these determined signals, selects one of
the optical gains classified according to the operating
condition and outputs it as an optical gain to the optimizing
5 control unit. The optimizing control unit effects sway-
damping control by driving the transverse trolley based on
the optimal gain component for damping transverse sway and
driving fhe right and left sheave blocks based on the optimal

gain component for damping skew sway.

10
4. BRIEF DESCRIPTION OF THE DRAWINGS
"Fig.l is a schematic constructional view showing an
overall configuration of a swaying hoisted load-piece damping
control apparatus in accordance with.an embodiment of the
15 present invention;
* Pig.2 is a block diagram showing a first embodiment of
a controlling apparatus;
Fig.3 is a block diagram showing.a second embodiment of
a controlling apparatua;
20 . Fig.4 is a block diagram showing a third embodiment of
a controlling apparatus;
Fig.5 is a block diagram showing a fourth embodiment of
a controlling apparatus;
Fig.6 is a schematic view showing a conventional
25 swaying hoisted load-piece damping apparatus for use in a

-12 -



& In order to attain the above objects, a swaying hoi sted | oad-pi ece

danmpi ng control apparatus (an apparatus defined in Caim1) for use in a

| oad- pi ece hoisting device having a transverse trolley fpmmhsh Ha3 eaﬂl bwd

| oad- pi ece, and a pair of, 5 or right and left, sheave b nﬁlmT
ransverse

di sposed al ong novi ng dlrections of the transverse trolley
the sides of the transverse trolley and novable relative to

trolley, conprises: trolley noving condition quantity detectors for
detecting noving condition quantities -

prior art container crane; and
Fig.7 shows illustrations of operating conditions of
the conventional swaying hoisted load-piece damping

apparatus.

5. DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Embodiments of the présent invention will hereinafter
be described in detail with reference to Figs.l through 5.

Fig.l schematically shows an overall configuration of a

10 swaying hoisted load-piece damping control apparatus in'
accordance with an embodiment of the present invention.
Fig.2 is a controlling block for explaining a first
embodiment of a controlling apparatus. In Fig.l, identical
reference numerals are a;lotted to components having the same
15 functions with those in the prior art shown in Fig.6 and
repeated description for those is omittéd.

As shown in Fig.1l, in a controlling apparatus for
damping a swaying hoisted load~piece of this embodiment, the
trolley driver 17 of the transverse trolley 1l includes a

20 position or displacement detector 31 and a velocity detector
32 as detectors for detecting trolley operating condition
quantities. The left-side sheave block 14 is p;ovided with a
position ox di5p1acement.detector 33 and a velocity detector
34 as detectors for detecting moving condition quantities of

25 the sheave block. In the same manner, the right-side sheave

- 13 -



10 of the transverse trolley; hoisted | oad-piece noving condition

quantity detectors for detecting noving condition quantltles on right and

| eft sides of the | oad-piece hoisted by the transverse trg

sheave- bl ock moving condition quantity detectors for deteC|lﬂ§ﬁﬂEEﬁ ASBEENlI

condition quantities 15 of the right and |l eft sheave blfpcks:; REPLACED
notch-driving control quantity detector for detecting tranSVerse

not ch-driving control quantity of the trolley controlled by neans of an
operation controlling panel; and a controller for effecting sway-danpi ng
control of the | oad-piece h0|st|ng devi ce based 20 on detection signals
obt ai ned frokleak 4Bt ést providad watbt Auppedtigphornhdd sphacementodesechar

an opt|n12|n§

5 and a velocity detector 36. In order to detect moving
condition quantities of the hoisted load-piece, swaying
motion detectors 37, 38 are provided respectively on left and

5 right sides of the transverse trolley 11 so as to check the
motion of the detecting mark 22 on the hoisting attachment 22
and thereby detect left-side and right-side swaying positions
or displacements and velocities of the hoisted load-piece 23.
Further, a transverse operation controlling panel 39 in the

10 crane operator cab is equipped with a transverse notch-
driving control quantity detector 40.

A controller 41 is to receive detection signals from
all the moving condition quantity detectors 31 through 38 and
the transverse notch—driviné control gquantity detector 40

15 (see Figs.l and 2), to calculate optimal controlling
quantities required for neutralizing the operating condition
quantities inputted, or nullifying the swinging momentum of
the hoisted load-piece 23, and to output control command
signals to the driver 17 for the transverse trolley 11 and

20 drivers 18, 19 for left and right sheave blocks 14, 15.

The controller 41, as shown in Fig.2, has an optimizing
control unit 42 which, based on an optimal gain K for sway
damping which is previously calculated and set up separately
in the controller 41, deterﬁines optimal controlling

25 quantities in accordance with the moving condition quantities

- 14 -~
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control unit which sets up optional controlling quantities for t
| oad- pi ece in accordance with noving condition quantiti'es and notch- dr|V|ng
control quantity 25 detected from sai d detectors, on tﬁeﬁbaihsB@ Replaced

preset optimal gain for sway danping, and perforns swa ol N
by driving said transverse trolley and said sheave bl ocks .
|ng to the =

with the setup optimal controlling quantities. 5

present invention, in the swaying
of the hoisted load-piecé 23 and the operating condition
quantities of the transverse trolley 11 supplied from
detectors 31 thfough 38 and 40 and thereby controls the
driver 17 of the transverse trolley 11 and drivers 18, 19 for

5 respective (left and right) sheave blocks 14, 15 so.that

optimal damping can be done.

Now, description will be made on a specific operational
process of sway damping using the swaying hoisted load-piece
damping control apparatus of the embodiment described above.

10 (1) First of all, detebtors 31 through 38 and 40 detect
moving condition quantities of the transverse trolley 11, the
sheave blocks 14, 15 and the hoisted load-piece 23 and a
transverse'notch-driving control quantity and output the
detected signéls to the controller 41.

15 (2) Next, these moving condition quantities and transverse
notch-driving control quantity are used in the optimizing
control unit 42 for calculation of optimal sway-damping
contxol to calculate a velocity command u0 for the transverse
trolley 11 and velocity commands ul, u2 for.the sheave blocks

20 14, 15 by the following formula [1]:

u=Kxx ....[1]

Here, 'u’ represents a controlling (operating) quantity
vector shown as follows and the elements are the velocity
command u0 for the transve:se trolley 11, the velocity

25 command ul for the left-side sheave block 14 and the velocity

- 15 =



hoi-st ed | oad- pi ece. danpi ng control apparatus defined in Caim1l, the
controller conprises: an operating condition deternining,unL%’thEﬁ/ag?gg;ér
the operating condition of the transverse trolley, based on det g&mkﬂkﬁ
signals of the 10 operating condition quantities and t &S \%h
control quantity for the transverse trolley; an operating- cg

classifying optinmal-gain selecting unit which, in accordanc

operating condition detected by the operating condition determning un|t

]

sel ects an operating- condition- 15 classifying optinmal gain for sway
danping froma pIurallt redet erm ned opti mal ﬁglns and an ogt|n12|n
control uni tCoWmRd h@l%5¥Tﬂ%@eg%Pﬂa%%tB ¢hal$y ofmt prder from

the left, and more explicitly, ’'u’ can be defined as the

following equation [2]:

5 : ul
u = [31) ceee [2]
2

10 A condition quantity vector ’'x’ is defined as follows.
That is, the elements are, in the descending order, a
position or displacement x0 and a vélocity x1 of the
transverse trolley 11, a position or displécement x2 and a
velocity x3 of the left sheave block 14, a position or

15 displacement x4 and a velocity x5 of the right sheave block
15, a position or displacement x6 and a velocity x7 of the
hoisted load-piece.23 on its left side, and a position or
displacement x8 and a velocity x9 of the hoisted load-piece
23 on its rigﬁt side. Explicitly, ‘x’ can be expressed as

20 the following equation [3]:

x1
x2
25 x3

X = x4 ce-o[3]
x5
x6
x7
x8

30
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operatlng condition-classifying optimal-gain selecting unLL——s£&fr1mr‘——"—_—

optimal controlling quantities for the hoisted | oad- 20 |ece n Replaced
perfornms sway-danping control by driving the transverse tr mﬁ

sheave bl ocks in accordance with the setup optimal controlli

According to the present invention, -in the swayi ng hoi sted
danpi ng control apparatus defined in Caim?25 1, the controller
~conprises: an independently controlling 8

A 3 x 10 constant matrix 'K’ defined by the following

equation [4] represents an optimal gain matrix:

_ k00 k01 k02 k03 k04 k05 k06 k07 k08 k09
5 K = [ k10 k11 k12 k13 k14 k15 k16 k17 k18 k19] .[4]
k20 k21 k22 k23 k24 k25 k26 k27 k28 k29
Here, the constant matrix K as an optimal gain is to be
10 calculated previously by the following procedures.
1) From the equations'of motion for the transverse trolley

11, the two (left and right) sheave blocks 14, 15 and
swinging_motiéns on the right and left sides of the hoisted
load-piece 23, the following equation of state shown by [5]
15 is derived. This state equation is a liner differential
equation which represents the swing of the hoisted load-piece
23 by a spring-mass system of transverée and skew movement.
Here, detailed description of the state équation, inclusive

of its derivation, is omitted.

20 .
Xx=Axx+ Bxu ....[5]

where.u and x represent the aforementioned controlling

25 quantity vector and condition quantity vector, respectively,
while A designates a 10 x 10 constant matrix and B designates
a 10 x 3 constant matrix.
2) For the above state equation [5], an optimal gain K
defined as in the following equation [7] is determined so

30 that an evaluation function J defined by the following
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optimal -gain cal cul ating unit which cal cul ates i ndependent—optimai—_gai ns
used to control transverse sway and skew sway of the hoiséﬁg
i ndependently one fromthe other and outputs the cal cul at '

f-nol is Bbe REslaced
and an optim zing 5 control unit for effecting svvay-darrp”m mFm : p
whi ch, based on the optinmal gains outputted fromthe indepe tl g
controlling optimal-gain calculating unit, sets up optimal controlling
guantities for hoisted | oad-pi ece and perforns sway-danpi ng control by
driving the transverse trolley to 10 danp transverse sway of the

| oad- pi ece and driving the right and | eft sheave bl ocks to danp skew sway

of the | oad-guatiomclchl diakes & thinremcvrlu@vention, in the swaying

[+ ]
J =J (xT x Q xx + ! x R x u) dt - cees[6]
o _

u =K xXx ce--[7)]

10
where Q and R represent weighing matrices of 10 x 10 and 3 x

3, respectively.
In this way, by minimizing the evaluation function J,
the optimal gain K is to be determined to neutralize or
15 nullify all the elements of the condition quantity x' as fast
as possible using the smallest controlling quantity ‘u’.
(3) Based on the optimal gain K determined by the above
calculation, the optimizing control unit 42 calculates
optimal controlling quantities in conformity wiﬁh the moving
20 condition quantities and the operating condition detected by
the detectors 31 through 38 and 40. The thus obtained
optimal controlling quantities are outputted to the drivers
17, 18 and 19 for the traﬂsverse trolley 11, the two (left
and right) sheave blocks 14 and 15, as control command
25 signals for velocity commands u0, ul and u2, whereby the
optimal control for sway damping of the hoisted load-piece 23
is effected.
Fig.3 shows a controliing block representing a second

embodiment of a swaying hoisted load-piece damping control

- 18 -



hoi st ed | oad- pi ece danpi ng control apparatus defined in Claim1l, the

- controller conprises: an independently controlling 15 opti mal -gain

cal cul ating unit which cal cul ates i ndependent optiml gains ed to contraol. .
transverse sway and skew sway of the hoisted | oad-piece, ind g@ng SREEY HABSEEN |
fromthe other and outputs the cal cul ated optiml gains; an algdi ace '
condition determning unit which detects the operating 20 =tﬂﬂ=égi===z’
the transverse trolley, based on detected signals of the operating

condition quantities and the notch- driving control quantity for the

transverse trolley; an operating-condition-classifying optimal-gain

sel ecti ng urdRPawatds o%h the presert wirvenrttomperating condition detected

by

As shown in Fig.3, in this embodiment, a controller 51
is composed of: an operating condition determining unit 52
which, receiving detected signals from a transverse.notch—

5 driving control quantity detector 40, position and velocity
detectors 31 and 32 of a transverse trolley driver 17,
determines the operating condition of a transverse trolley 1l
or which condition the transverse trolley 11 is in,
specifically, a condition in which the trolley 11 is driven,

10 a condition in which the trolley 11 is in the middle of
retardation to stop at a target place or a condition in which
the trolley 11 need sway damping after the positioning, to
thereby deliver output signals; an operating-condition-
classifying optimal-gain seleéting unit 53 which, based on

15 the signals from the operating condition determining unit 52
and a plurality of operating—condition-classifying optimal
gains K;, K, and K; which are preﬁiously calculated and set up
for the different operating conditions, selects an optimal
gain K for the detected operating condition from the

20 operating-condition-classifying optimal gains K, K and Ky;
and an optimizing control unit 54 which, receiving the
optimal gain K selected in the opefating-condition—
classifying optimal-gain selecting unit 53, sets up optimal
controlling quantities in accordance with moving condition

25 quantities inputted from the detectors 31 through 38 and

- 19 -
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25 t he operating condition determining unit, selects a preset
operating-condition-classifying optimal gain or an operatin is Sheet Has B chlmmd

condition-classifying optimal gain set up by the i ndependen mﬂ“mll 7-

optimal -gain calculating unit and outputs the sel ected gain;
optim zing control unit 5 whi ch, based on the optinmal gai
fromthe operating-condition-classifying optimal -gain selecting unit, sets
up optimal controlling quantities for the hoisted | oad- piece and perforns
sway- danpi ng control by driving the

effects optimal control for sway damping by the drivers 17 of
the transverse trolley 11, the drivers 18, 19 of respective
(left and right) sheave blocks 14, 15.

Now, description will be made on a specific sway-

5 damping process effected by the controller 51 of this
embodiment.
(1) The operating condition determining unit 52 determines

the operating condition of the transverse trolley 11 based on
the detected signals from the_transverse notch-driving

10 control quantity detector 40, the position and velocity
detectors 31, 32 of the transvérse trolley driver 17. At
that moment, if the bperator is performing a notch-driving
operation or the notch-driving operation quantity is not
zero, the unit 52 judges that the hoisted load-piece 23 is

15 still far from a target poSition where the load-piece is to
be placed on the ground. When the notch—driving operation
quantity becomes equal to zero, the unit 52 judges that the
loéd-piece comes near the target'position. When.the notch-
driving operation quantity is equal to zero and the

20 transvefse trolley position information indicateé tﬁat the
load-piece 23 is at the target position with the transverse
velocity equal to zero, the hoisted load-piece 23 is judged
as to reach the target position.
(2) The operating-condition-classifying optimal-gain

25 selecting unit 53 selects as the optimal gain K any one of

- 20 -



transverse trolley and the sheave bl ocks in accordance with 10 —the setup—

optimal controlling quantities. In accordance with the swaypag,holsted

| oad- pi ece danping control apparatus of the present inventio Iﬁmchlmxd,
container crane is activated, detection signals as to nnvingu mlu I" =
gquantities are detected by the transverse trolley 15 novi

quantity detector, the right- and | eft- sheave-bl ock operating condition
guantity detectors and the hoisted | oad-pi ece noving condition quantity
detectors for detecting the novenent on right and |l eft sides of the |oad-

pi ece while the operajin uantity signal is detected by the 20
hot ch-dr i vi g ERmITRF LBERrAR15S irediornd Fpdn ARCQFAIANGR LR the

operating condition determined in (1). Here, the optimal

gains K, K and K; are determined in the same manner as

described in the procedures 1) and 2) of (2) of the first
5 embodiment, using the following three evaluation functions

Jy» Jy and J; shown in [8] for the optimal gains X;, K, and K;,

respectively.
-
nw .
10 J; = : (xTlexx+_uTxqu)dt
Jo
.f‘co
J, = (X! xQ xx + u xR xu) dt ce..[8]
| 2 2 |
15 Jo
e |
J, = (x' xQ xx +u' xR xu) dt
(] .
20 /

Accordingly, the thus obtained three kinds of optimal
gains are classified as K;, K, and K, in correspondence with
Jl, J2 and J3, respectively.

25 Here, Q is a weighing matrix for a velocity following
type optimal-gain calculation mbde in which the operator
effects notch-driving operation in accordance with the
velocity of the transverse trolley 11 without effecting
positional control of the transverse trolley 11, Q2 is a

30 weighing matrix for a positional control type oﬁtimal-gain
.calculation mode in which the transverse trolley 1l is

controlled so as to reach the target position, and 03 is a

- 21 -



signals are sent to the controller. In the controller, an optimal garm—fer—

sway danping is previously determned in conformty vmth t‘hﬂsgﬁgé{

condition quantities of the hoisted | oad-pi ece such as tran
skew sway 25 during the transverse trolley travels trans ﬂgmm he
time of retardation for positioning, or in the stopping sta he

optim zing control unit effects sway- danping control by dr|V|ng t he
transverse trolley and the sheave bl ocks by optiml controlling quantities
set up in _

weighing matrix for a sway-damping type optimal-gain
,calculation mode in which the transverse trolley 11 is
positioned and sway damping is effected by the sheave blocks
14 and 15 alone. R is a constant matrix and may be a unit
5 matrix, for instance. |
The weighing ﬁatrices Qr and Q, are represented by

the following matrices [9]:

0 )
10 _ ql
g2 0
a3
Q = q4
15 . gb
' 0 q7
g8
\ a9 )
20
g0 N
gl
g2 0
g3
25 Qz = g4
. g5
gb
0 q7
q8
30 \ q9 /
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_—
5 accordance with operating condition quantities of the h0|sted

| cad- pi ece on the basis of the optimal gain. The operating ? n Replaced
determ ning unit, based on the signals fromthe transverse

condition detectors and from the notch- driving control quan ”mn
detector, determ nes which condition the transverse trolley is in, _
specifically, the condition in which the transverse troll%?=FFavels, t he
condition in which the trolley is retarded for positioning or the condition
in which the trolley is stopped with the hoi sted | oad-pi ece swayi ng al one.
15 The determned signal is outputted to the operating-
condition-classifying optimal gain selecting unit. This

0 \
0
5 q2 0
- q3
Q = q4 e..[9]
g5
g6
10 0 q7
\ a2/
15 (3) The selection of an optimal gain K by the operating-

condition-classifying optimal-gain selecting unit 53 is
carried out as follows:
(a) 1f the load-piece stays far from the target place, the
optimal gain K, for the velocity following mode in which the

20 operator effects notch-driving operation is selected as the
optimal gain K.
(b) If the load-piece is brought close to the target place,
the optimal gain K, for the positional control mode in which
the transverse trolley 11 is controlled so as to reach the

25 target place is selected as the optimal gain K.
(c) If the load-piece is positionéd at the target place,
the optimal gain K; for the sway-damping mode in which sway
is damped by the sheave blocks 14 and 15 alone is selected as
the optimal gain K.

30 (4) Then, in the same manner as in the first embodiment,
the moving condition quantities and the transverse notch-

driving control quantity detected By the detectors 31 through

- 23 -



oper ating-condition-classifying optimal gain selecting unit, as receiving
the determ ne signal, selects any one of optiml gains prevﬂ@a fﬂﬁB&MRclmxd
according to plural classifying 20 operati ng condltlons a

t hus selected optimal gain to the optim zing control unit. T

control unit sets up an optimal controlling quantity in accordance w

movi ng condition quantity of the hoisted | oad-piece on the basis of the

sel ected optimal gain and drives the 25 transverse trolley and the

sheave bl ocks by the thus set up

38 and 40 are outputted to the controller 51.
(5) From the operating condition inputted, the controller
51 makes the optimizing control unit 54 effect the
~calculation of sway-damping optimizing control based on the
5 aforementioned equation [1] to determine the velocity coﬁmand
u0 for the transverse trolley 11 and velocity commands ul and
u2 for respective sheave blocks 14 and 15.
(6) The optimizing control unit 54, based on the optimal
gain K, calculates optimal controlling quantities in
10 conformity with the moving condition quantities and the
operating conditioa detected by the detectors 31 through 38
and 40 and outputs the obtaiaed optimal controlling
quantities as control command signals for velocity commands
ul, ul and u2 to the drivers 17, 18 and 19 for the transverse
15 trolley 11 and the two (left and right) sheave blocks 14 and
15, whereby the hoiéted load-piece 23 is optimally controlled
to stop swinging.
Thus, in accordance with the controller 51 described in
the second'embodimeﬁt, it is possible to eliminate the
20 difficulties in the operating-condition classifying
determination and the operation control in the conventional
configuration by determining the operating condition of the
transverse trolley 11 by the operating condition determining
unit 52, allowing the operating-condition-classifying

25 optimal~gain selecting unit 53 to select an individual
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11 by optimal controlling quantities, to thereby performsway- darprag—

control. The independently controlling optimal gain calculating unit ==
calculates a required optimal gain for danping 5 transven At ewijf
sway of the hoisted | oad-piece so as to output it to the o o]
unit. The optim zing control unit effects sway-danping cont [ =
the transverse trolley based on the optimal gain conponent for danping

transverse sway and driving the right and | eft sheave 10 bl ocks based on
t he optimal gain conponent for danping skew sway.

optimal'gain K for each mode selected from the velocity
following mode, the target-position reaching mode and the
sway-damping mode using the sheave blocks 14 and 15, in
correspondence with the operation condition of the transverse
5 trolley 11, and making the optimizing control unit 54 effect
optimal control of damping sway based on the selected optimal
gain K. |
Fig.4 shows a control block representing a third
embodiment of a swaying hoisted load-piece damping control
10 apparatus of the present invention.
As shown in Fig.4, a controller 61 of the present
invention is composed of an optimal-gain calculating unit 62
for independently controlling transverse sway and skew sway
in order to calculate optimal gains which are used when the
15 transverse sway and skew sway are damped independently each
from the other and an optimizing control unit 63 for
effecting sway-damping control based on the optimal gain K
determined by the resulting calculation in the optimal-gain
calculating unit 62 for independently controlling transverse
20 sway and skew sway. When both transverse and skew sway are
detected simultaneously through the aforementioned detectors
31 through 38 and 40, the optimizing control unit 63 is to
set up, in accordance with the detectiqn, separate optimal
controlling quantities for the transverse trolley-driver 17

25 for damping the transverse sway and for the two (left and
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The i ndependently controlling optimal gain calculating unit calculates a
requi red optimal gain for danping transverse sway and skew smarh@fHaEB&nRTilaced

hoi st ed | oad- pi ece so as 15 to output it to the ,
operating-condition-classifying optinmal gain selecting unijt _
operating condition determning unit, based on the signalg from :

transverse trolley operating condition detectors and fromthe notch-driving
control quantity detector, determ nes which condition the 20 transverse
trolley is in, specifically, the condition in which the transverse trolley
travels, the condition in which the trolley is retarded for positioning or
t he conditi ghight Weheavaidblock |dyiverst bppend w9 hfeheddmp nedtheaskevece

sway based on the optimal gain K determined by the optimal-

gain calculating unit 62 for independently controlling
transverse sway and skew sway and thereby effect the damping
5 control separately.
Now, description will be made on a specific flow of
sway damping by the controller 61. of this embodiment.
(1) The optimal-gain calculating unit 62 for independently
controlling transverse swaj and skew sway calculates an
10 optimal gain in the following way:
1) .In the state equation [5] shown above, if x is
substituted by x = T x x’ to effect a mode transformation,
then the following state equation [10] can be obtained.
Here, x’ and T indicate a new condition qﬁantity vector and a

15 mode transforming matrix, respectively.

X’ = A" xx' + B’ xu eee[10]

where A’ = 71! xa x T B =7l x B
20
( x0 Y
x1
x2'
x3
25 X'= x4’
x57
X6’
x7°
X8’
30 \ %9’/
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swayi ng al one and outputs the determ ned signal to the 25 )
operating-condition-classifying optiml gain selecting uniy.TMSﬁﬁﬁ _
SHEET 12 The operating-condition-classifying optiml gain sel1

as receiving these determ ned signals, selects one of the opti m m
classified according to the operating condition and outputs it as an '

optical gain to the optimzing 5 control unit. The optim zing control
unit effects sway-

/1 3
1
5 10 10 0
01 01
T = 10-10
010~-1
10 10
10 0 01 01
10-10
\  010-1 J
15 In one word, a new state equation is derived with

respect to a new condition quantity vector x’ whose elements
are: in the descending order, x0 and x1: position or
displacement and velocity of the transverse trolley 11; x2°
and x3’: transverse components of the position or

20 displacement and velocity of the sheave blocks 14, 15; x4’
and x5’: skew components of the position or displacement and
velocity of the sheave blocks 14, 15; x6’ and x7’': transverse
components of the position or displacement and velocity of
the hoisted load-piece 23; and x8’ and x9’: skew components

25 of the position or displacement and velocity of the hoisted
load-piece 23.
2) For the above state equation [10], an optimal gain
matrix K’ defined as in the following equation [12] is
determined so that an evaluation function J defined by the

30 following equation [11] takes a minimum value.
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danping control by driving the transverse trolley based o

ain

~conponent for danping transverse sway and driving the right _and |l eft sheave

bl ocks based on the optinmal
BRI EF DESCRI PTI ON OF THE DRAW NGS Fi g.
configuration of a swaying hoisted | oad-p
apparatus in accordance with an enbodi nent of the 15

show ng
contr ol

an overall

gai n conponent for danping ske
1 is a schematic cons

i

present

invention; Fig. 2 is a block diagramshowi ng a first enbodi nent of a
control ling apparat us; '

10

15

20

25

30

35

J

g

(x’T x Q xx’' +u

T

KI

x R x u) dt

X X'

ce..[11]

ce.[12]

where Q and R represent weighing matrices of 10 x 10 and 3 x

3, respectively.

Explicitly, Q can be expressed as follows:

In this way, by minimizing the evaluation function J,

the gain optimal matrix K’ is to be determined to neutralize

or nullify ail the elements of the condition quantity x’ as

fast as possible using the smallest controlling quantity.

Here, the optimal allocation of tasks to the transverse

trolley and the sheave blocks should be determined in order

to achieve optimal control of sway damping.

This depends on

the setup of the weighing matrix Q appearing in the above

equation [11].

Sway of the hoisted load-piece 23 during the transverse

travel qualitatively comprises a large transverse swinging

- 28 -



Fig.3 is a block diagram show ng a second enbodi nent of a centrotting

appar at us;
of a controlling apparatus; Fig.5 is a bl ock di agram show ng
enbodi ment of a controlling apparatus; Fig.6 is a schematic v
conventional 25 swayi ng hoi sted | oad- pi ece danpi ng appariat

a

13

10

15

20

25

f ]
20 Fig. 4 is a block diagram show ng a tQﬁr e
[

motion, genérated due to the inertial of the hoisted load-
piece 23 when it is accelerated or retarded and a skew
swinging motion relatively smaller than the transverse
swinging motion, generated due to the eccentricity etc., of
the hoisted load-piece 23. In order to damp the relative
large transverse swinging motion, optimal control of sway
damping by the transverse trolley 11 should be used since the
movement of the sheave blocks 14, 15 is limited within a
short stroke on the transverse trolley 11 and therefore can
not deal with the large swinging motion. On the other hand,
in order to damp the skew swinging motion, optimal control of
sway damping by the sheave blocks 14 and 15 should be applied
since the skew sway is relatively small and the movement of
the transverse trolley 11 can not deal with this kind of
motion, theoretically.

This allocation of tasks can be achieved by adjusting
elements of the weighing matrix Q, specifically, g2, q3, g4
and g5 as follows:

The elements g2 and g3 are the weighing coefficients of
the transverse movement component for the sheave blocks 14,
15, and if these elements are taken large, the transverse
motion of the sheave blocks 14 and 15 required for damping
transverse swinging motion will be limited. Therefore, only
the trolley 11 will contribute to controlling the damping

operation of transverse swinging motion.

- 29 -
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prior art container crane; and Fig.7 shows illustrations of operating
condi tions of the conventional swaying hoisted | oad-piece danplng

apparatus. 5 5. DETAI LED DESCRI PTI ON OF PREFERRED EMBOD
of the present invention will hereinafter be described in d
reference to Figs. 1 through 5. Fig. 1 schematically shows

configuration of a 10 swayi ng hoi sted | oad- pi ece danpi ng contro
apparatus in accordance with an enbodi nent of the present i nvention. Fig.2
is a controlling block for explaining a first

The elements g4 and g5 are the weighing coefficients of
the skew movement component for the sheave blocks 14, 15, and
if these elements are taken small, the movement of the sheave
blocks 14 and 15 required for damping skew swinging motion

5 can be secured within the stroke ranges of the sheave blocks
14 and 15. Further, since the transverse trolley 11 cannot
contribute to the skew movement theoretically, only the
sheave blocks will effectively control the damping operation
of skew swinging motion.

10 3) Next, with x = T} x x substituted in the above
equation [12], the following equation [13] can be obtained.
This allows the system to obtain an optimal gain K = K’ x -l
for the feed-back condition quantity x.

u=EK xTlxx=%&K X X o0 [13]

15 The optimal gain thus obtained by the above calculation
is set up as an optimal gain part K.
(2) Then, in the same manner as in the first embodiment,
the moving condition guantities and the transverse notch-
driving control quantity detected by the detectors 31 through

20 38 and 40 are outputted to the controller 61;
(3) From the moving condition quantities and transverse
notch-driving control quantity inputted, the controller 61
makes the optimizing control unit 63 effect the calculation
of sway~-damping optimizing control based on the

25 aforementioned equation [1] to determine the velocity command
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enbodi mrent of a controlling apparatus. In Fig.1, identical_reference
nunerals are allotted to conponents having the sanme 15 functions with
those in the prior art shown in Fig. 6 and repeated descr i|pThioshettdfas BévoBeplaced

is omtted. As shown in Fig.l, in a controlling apparatus |for

swayi ng hoi sted | oad- pi ece of this enbodinent, the trolley drf _ -
transverse trolley 11 includes a 20 position or displacenent detector 31
and a velocity detector 32 as detectors for detecting trolley operating
condition quantities. The |left-side sheave block 14 is provided with a
position or displacenent detector 33 and a velocity detector 34 as
detectors f&90 J&%&h%&WW%MQIWanQi@QﬂitY commands ul and

u2 for respective (left and right) sheave blocks 14 and 15.

(4) The optimizing control unit 63, based on the optimal
gain K, calculates optimal controlling quantities iﬁ

5 conformity with ﬁhe moving condition quantities and operating
condition detected by the detectors 31 through 38 and 40 and

- outputs the obtained optimal controlling quantities as:

control command signals for velocity commands ud, ul and u2
to the drivers 17, 18 and 19 for the transverse trolley 11

10 and the two (left and right) sheave blocks 14 and_lS, whereby
the hoisted load-piece 23 is optimally controlled to stop
swinging. |

Thus, with the controller 61 illustrated in the third

embodiment, the condition guantity vector x obtained from the

15 detectors 31 through 38 and 40 is multiplied by the mode

transforming matrix el

to_produce a new condition quantity
vector X’ in which the transverse swinging component and the
skew swinging component are separated. The thus newly
produced vector x’ is multiplied by the optimal gain K’ to

20 obtain optimal controlling quantity vector u. As to the
damping operation, the optimizing control unit 63 is
constructed such that the transverse swinging component is
‘damped by the drive of the transverse trolley 11 while the

skew swinging component is damped by the drive of the sheave

25 blocks 14 and 15. In the prior art system, it was very
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\/
v

25 t he sheave block. [In the sanme manner, the right-si-de-shea 4 i

bl'ock 15 is provided with a position or displacenent detector 35 d Jaced  —
velocity detector 36. In order to detect noving condition - e e.fﬁ
hoi st ed | oad- pi ece, swayi ng notion detectors 37, 38 are pro \ B
respectively on left and 5 right sides of the transverse ]

as to check the notion of the detecting mark 22 on the hoisting attachnent
22 and thereby detect |left-side and right-side swaying positions

Q @

difficult for the operator to designate how to control the
transverse trolley 11 and/or the sheave blocks 14, 15, but it
is possible for this embodiment to solve the conventional
problem of this kind.

5 Fig.5 shows a control block representing a fourth
embodiment of a swaying hoisted load-piece damping control
apparatus of the preseht invention.

As shown in Fig.5, a controller 71 of this embodiment
is has combined features of the controllers 51 and 62

10 described in the second and third embodiments.

Specifically, in the controller 71, an optimizing
control unit 72, as receiving detection signals from the
detectors 31 through 38 and 40, sets up optimal controlling
qualities always referring to an optimal gain K which is

15 determined according to both the operating condition and
swinging modes (i.e., the transverse swinging motion and the
skew swinging motion) as executed in the controllers 51 and
61 of the second and third embodiments. With the thus
determined optimal controlling quantities, the controller 71

20 effects sway-damping control.

Now, description will be made on a specific sway-
damping process effected by the controller 71 of this
embodiment.

(1) In the same manner as in the above-described third

‘25 embodiment, the optimal-gain calculating unit 62 for

- 32 -



.. or displacenents and velocities of the hoisted | oad-piece_23. Further, a

transverse operation controlling panel 39 in the 10 crane operator ‘cab

i s equipped with a transverse notch- driving control quant Réfflaced
Sﬂ

A controller 41 is to receive detection signals fromall 'm “'lmlll IIl|

condition quantity detectors 31 through 38 and the transver
control quantity detector 40 15 (see Figs. 1 and 2), to calcul

optimal controlling quantities required for neutralizing the operatlng — -
condition quantities inputted, or nullifying the sw nging nonmentum of the
hoi st ed Ioad ece to ou ut _control command S|g8as to the driver

17 for the rrineoerdens fE refe sl Eihe “ERansvesat uay "ald " keu suay

derives the aforementioned state equation [10]. Then,
optimal gains K;, K, and K, are determined in the same manner
as described in the second embodiment, so that the
5 aforementioned three evaluation functions Jir Jy and_J3 shown
in [8] may be minimized. Here, weighing matrices Q. Q and
Q; use those showh in the second embodiment. As to Q; and Q,,
dyr d3r 4 and q; should be adjusted as shown in the thi;d
embodiment, so that the optimal gains K; and K, should allow
10 independent control operations, that is, control of the
trolley 11 for transverse sway and control of the sheave
blocks 14, 15 for skew sway can be done independently.
(2) As the following procedures are effected in the same
manner as in the second embodiment, the detailed description
15 is omitted.
Thus, with the controller 71 illustrated in the fourth
embodiment, the condition quahtity vector x obtained from the
detectors 31 through 38 and 40 is multiplied by the mode

transforming matrix -l

to produce a new condition quantity

20 vector x’ in which the transverse swinging component and the
skew swinging component are separated. The thus newly
produced vector x’ is multiplied by the optimal gain K’ to
obtain an optimal contrblling quantity vector u. As to the

damping operation, the optimizing control unit 72 is

25 constructed such that the transverse swinging component is
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- 20 drivers 18, 19 for left and right sheave bl ocks 14, 15. The
controller 41, as shown in Fig.2, has an optinizing control unit 42 which,

based on an optinmal gain K for sway danping which is previ %'%ee@ﬁis%&n%ieﬁﬂced
and set up separately in the controller 41, determ nes opting ' o
25 quantities in accordance with the noving condition qugmmmmuml"mﬂ

of the hoisted | oad-piece 23 and the operating condition qua :
transverse trolley 11 supplied from ' i

damped by the drive of the transverse trolley 11 while the
skew swinging component is damped by the drive of the sheave
blocks 14 and 15. 1In the prior art system, it was very
difficult for the operator to designate how to control the

5 transverse trolley 11 and/or the sheave blocks 14, 15, but it
is possible for this embodiment to fix the conventional
problem of this kind.

Further, it is possible to eliminate the difficulties
in the operating-condition classifying determination and the

10 - operation control in the conventional configuration by
determining the operating condition of the transverse trolley
11 by the operating condition determining unit 52, allowing
the 6perating-condition—classifying optimal-gain selecting
unit 53 to select an individual optimal gain K for each mode

15 selected from.the velocity following mode, the target-
position reaching mode and the sway-damping mode using the
sheave blocks 14 and 15, in correspondence with the operating
condition of the transverse trolley 11, and making the
optimizing control unit 72 effect optimal control of damping

20 sway based on the selected'optimal gain K.

As has been described in detail referring to the
embodimehts, the first feature of the swaying hoisted load-
piece damping control apparatus of the present invention is
equipped with a transverse trolley having a pair of sheave

25 blocks which are disposed on both sides of the transverse
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detectors 31 through 38 and 40 and thereby controls the dLLMQL_lZ§9i_%ﬂE___\
transverse trolley 11 and drivers 18, 19 for 5 respective (left an ~
right) sheave blocks 14, 15 so that optimal danping can beThikRhest HNG, g laced =
description will be nade on a specific operati-onal process ) ﬁﬁ -
usi ng the swayi ng hoi sted | oad-pi ece danpi ng control appara ﬂ !

enbodi nent descri bed above. 10 (1D First of all, detectors h -

38 and 40 detect noving condition quantities of the transverse trolley 11,
t he sheave bl ocks 14, 15 and the hoi sted | oad-pi ece 23 and a transverse

not oh- v Vi Per SRR Chnd R0VLEY e 2081 QUL BY" £b"End L 2ShETe 258" 23118y S
further comprises: different kinds of detectors such as for
detecting moving condition quantities of the transverse
trolley, detecting moving condition quantities on right and

5 left sides of the load-piece and detecting moving condition
quantities of the right and left sheave blocks; a transverse
notch-driving control quantity detector érovided on an
operation controlling panel; and a controller for effecting
sway-damping control of a load-piece hoisting device based on

10 detection signals obtéined from the detectors, and is
constructed such that the controller has an optimizing
control unit which sets up optimal controlling quantities for
the hoisted load-piece in accordance with moving condition-.
quantities and notch-driving control quantity detected from

15 the detectors, on the basis of a preset optimal gain.for sway
damping, and performs sway-damping control by driving the
transverse trolley and the sheave blocks by'the setup optimal
controlling quantities. Therefore, it is possible to
establish easy sway-damping control of the hoisted load piece

20 in an assured manner by automatiné the sway-damping control
of the hoisted ioad-piece which has been difficult in the
prior arf. Further, it is possible to realize the optimal
sway-damping control which can damp the sway of the hoisted

load-piece as fast as possible and to inhibit the load-piece

25 from swinging. As a result, the work amount of the operator
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15 (2) Next, these noving condition quantities and transverse _
not ch-driving control quantity are used in the optinizing~eenLLeL_un;L_42~_
for cal culation of optinmal sway-danping control to calculate a veIOC|ty

command uO for the transverse trolley 11 and velocity co SBe
t he sheave bl ocks 20 14, 15 by the following fornula [1 ,
... [1] Here, "u represents a controlling (operating) qu
shown as follows and the elenents are the velocity command uO for t he
transverse trolley 11, the velocity 25 command ul for the left-side
sheave bl ock 14 and the vel ocity

as well as the time required for sway damplng can be markedly

decreased, thereby making it possible to improve the
conveying efficiency of hoisted load-pieces.
In accordance with the second feature of the swaying
5 hoisted load-piece damping control apparatus of the present
invention, the controller comprises: an operating condition
determining unit which detects the operating condition of the
transverse trolley, based on detected signals of the
operating condition quantities and the notch-driving control
10 quantity fof the transverse trolley; an operating-condition-
classifying optimal-gain selecting unit which, in accordance
with the operating condition detected by the operating
condition determining unit, selects an operating-condition-
classifying optimai gain for sway damping; and an optimizing
15 control unit Which, based on the optimal gain outputted from
the operating-condition-classifying optimal-gain selecting
unit, sets up optimal controlling quantities for the hoisted
load-piece and perfofms sway-damping control by driving the
transverse trolley and the sheave blocks in accordance with
20 the setup optimal controlling quantities. Therefore, it
becomes possible to set up an optimal gain by surely
determining the operating condition of the trolley as to be
in a state of the transverse travel, in a state of retardiﬁg
travel or in a state of stopping and requiring sway-damping

25 operation. As a result,ﬁit'is"possible to simplify the
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16 conmand u2 for the right-side sheave block 15, in order fromthe left,
and nore explicitly, 'u" can be defined as the foIIomAng—equaLLan_LZL;_§____
[err] 10 A condition quantity vector 'x' is defined as follows.

That is, the elenments are, in the descending order, a pos?”fﬂ'm ‘WBeenRﬁmd ,1

di spl acenent xO and a velocity x2 of the transverse trolle
determination of the operating condition and its operating

or displacenent x2 and a velocity x3 of the left sheave b
position or

control.
In accordance with the third feature of the swaying

hoisted load-piece damping_control:apparatus.of the present

5 invention, the controller comprises: an independently
controlling optimal-gain calculating unit which calculates
independent optimal gains used to control transverse sway and
skew sway of the hoisted load-piece, independently one from
the other and outputs the calculated optimal gains; and an

10 optimizing control unit for effecting sway-damping control
which, based on the optimal gains outputted from the
independently controlling optimal-gain calculating unit, sets
up optimal controlling quantities for hoisted load-piece and
effects sway-damping control by driving the transverse

15 trolley to damp transverse sway of the load-piece and driving-
the right and left sheave blocks to damp skew sway of the
load-piece. Therefore, it becomes possible to damp and
inhibit the transverse sway and skew sway of the hoisted
load—piece.separately one.from the other, and consequently,

20 it is possible to establish proper control of driving the
transverse trolley and sheave blocks in order to effect
optimal sway-damping.

In accordance with the fourth feature of the swaying

hoisted load-piece damping control apparatus of the present

25 invention, the controller comprises: an independently
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15 dlsplacenent x4 and a velocity x5 of the right- sheave bl ock 15, a

position or displacenent x6 and a velocity x7 of the hoisted |oad-piece 23

on its left side, and a position or dlsplacenent x8 and a veIOC|ty X9 of
the hoi sted | oad-piece 23 on its right y This Stieet ElasB ﬁ

expressed as 20 the following eCIuatlon [3] XO X' X2 ﬂl”“",”"”l

X3 X x4 L. [3] x5
controlling optimal-gain calculating unit which calculates

independent optimal géins used to control transverse sway and
skew sway of the hoisted load-piece, independently one from
the other and outputs the calculated optimal gains; an

S operating condition determining unit which detects fhe
operating condition of the transverse trolley, based on
detected signals of the operating condition quantities and
the notch-driving control quantity for the transverse
trolley; an operating-condition-classifying optimal-gain

10 selecting unit which, in accordance with the operating
condition detected by the operating condition determining
unit, selects a preset operating-condition—classifyingl
optimal gain or an operating-condition-classifying optimal
gain set up by the independently controlling optimal-gain

15 calculating unit and outputs the selected gain; and an
optimizing control unit which, based on the optimal gain
outputted.from'the operating-condition-classifying optimal-
gain selecting unit, sets up optimal controlling quantities
for the hoisted load-piece and performs sway-damping control‘

20 by driving the transverse trolley and the sheave blocks in
accordance with the setup optimal controlling quantities.
Thérefore, it becomes possible to set up an optimal gain in
accordance with the operating condition of the transverse
trolley and the swinging condition of the hoisted load-piece.

25 As a result, it is possible to simplify the determination of
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x6 x7 30 x8 x9 17 A 3 x 10 constant matrix 'K
defined by the follow ng equation [4] represents an optimat—ga-A—nBtrix:
kOO kA k02 kO3 k4 kO kO6 kO7 kOB k®®] 5 K = kIC}H%%S 12 k13 k14 k15
k16 k17 k18 k19 o [4] ! cet H

Wi

the operating condition and its operating control. Further,
it is possible to establish proper control of driving the
transverse trolley and sheave blocks in order to effect

optimal sway-damping.
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k20 k21 k22 k23 k24 k25 k26 k27 k28 k29) Here, the constant matrix K as an
optimal gain is to be 10 cal cul ated previously by the foll ow ng
procedures. 1) From t he equations of notion for tbﬁ_Lng§¥gL%§riggLLgy
11, the two (left and right) sheave blocks 14, 15 and swi ngi ng n
the ri ght and left sides of the hoisted | oad-piece ﬁS,ThiSﬁEetﬁBJﬂ;ég

equation of state shown by [5] 15 I's derived. THi

liner differential equation which represents the swing

| oad- pi ece 23 by a spring-nass system of transverse:and s

Here, detail d gﬁﬁgﬁggtlon of the state equatlon |nclu5|ve of its
derivati on,

(1) A swaying hoisted load-piece damping control apparatus
for use in a load-piece hoisting device having a transverse
trolley for hoisting a load-piece, and a pair of, or right
and left, sheave blocks which are disposed along moving
directions of said transverse trolley in parallel with the
sides of said transverse trolley and movable relative to said
transverse trolley, comprising:

trolley moving condition quantity detectors for
detecting moving condition quantities of said transverse
trolley;

hoisted load-piece moving condition quantity detectors
for detecting moving condition quantities on right and left
sides of the load-piece hoisted by said transverse trolley;

sheave-block moving condition quantity detectors.for
detecting moving condition ‘quantities of said right and left
sheave blocks;

a notch-driving control quantity detector for'detecting
transverse notch-driving control quantity of said trolley
controlled by means of an oéeration'controlling panel; and

a controller for effecting sway-damping control of said
load-piece hoisting device based on detection signals
obtained from said detectors,"

characterized in that'said controller has an optimizing

control unit which sets up optimal controlling quantities for

- 40 -

* c L M S *



v

20 x ZAX X + Bxu .... [5] where u and x represent__Dg_ngLgnEnLLme%L_

controlling 25 quantity vector and condition quantity vector,
respectively, while A designates a 10 x 10 const ant natrrmssﬁd

HB
a 10 x 3 constant matrix. 2) For the above state equat mﬁf :
optimal gain K defined as in the follow ng equation [7] q

that an evaluation function J defined by the follow

the hoisted load-piece in accordance with moving condition
quantities and notch-driving control quantity detected from
said detectors, on the basis of a preset optimal gain for
sway damping, and performs sway-damping control by driving
said transverse trolley and said sheave blocks in accordance
with the setup optimal controlling quantities.

2. A swaying hoisted load-piece damping control apparatus
according to Claim 1 wherein said controller comprises: an
operating condition determining unit which detects the
operating condition of said transverse trolley, based on
detected signals of the operating condition quantities and
the noteh—driving control quantity for said transverse
trolley; an operating-condition—elassifying optimal-gain
selecting unit which, in accordance with the operating
condition detected by said operating condition determining
unit, selects an operating-condition-classifying eptimal gain
for sway damping from a plurality of predetermined optimal
gains; and an optimizing control unit which, based on the
optimal gain outputted from said operating-conditien-
classifying optimal-gain selecﬁing unit, sets up optimal
controlling quantities for the hoisted load-piece and .
performs sway-damping control by driving said transverse
trolley and said sheave blocks in accordance with the setup
optimal controlling qﬁantities.

3. A swaying hoisted load-piece damping control apparatus

- 41 -
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18.e&uation [6] takes a mininumvalue. J= [err] ([err] xQx=—+ferr]l xR
X u) dt [6] u=Kx x 10 where Q and R represent melghln natrlces of

10 x 10 and 3 x 3, respectively. In this way, by m nim zi
function J, the optimal gain Kis to be determ ned to neutrj
nullify all the elenments of the condition quantity x' as f

using the smallest controlling quantity 'u'. (3) Based on the optlnal galn

K determ ned by the above

accqrding to Claim 1 wherein said controller comprises: an
independently controlling optimal-gain calculating unit which
calculates independent optimal gains used to control
transverse sway and skew sway of the hoisted load-piece,
independently one from the other and outputs the calculated
optimal gains; and an optimizing control unit for effecting
sway-damping control which, based on the optimal gains
outputted from said independently controlling optimal-gain
calculating unit, sets up optimal controlling quantities for
hoisted load-piece and performs sway-damping control by
driving said transverse trolley to damp transverse sway of
the load-piece and driving said right and left sheave blocks
to damp skew sway of the load-piece.

4. A swaying hoisted load-piece damping control apparatus
according to Claim 1 wherein said controller comprises: an
independently controlling optimal-gain calculating unit which
calculates independent optimal gains used to control
transverse sway and skew sway of the hoisted load-piece,
independently one from the other and outputs the calculated
optimal gains; an operating condition détermining unit which
detects the operating condition of said transverse trolley,
based on detected signals of the operating condition
quéntities and the notch-driving control quantity for said
transverse trolley; an operating-cohdition-classifying

- optimal-gain selecting unit which, in accordance with the
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P ' .
" .

cal cul ation, the optinizing control unit 42 calcuIatesfapLngL_ggg;L;LLng

quantities in conformty with the noving 20 condi tion quantiti e
operating condition detected by the detectors 31 througHhi38heangs4Q. The

t hus obtained optinmal controlling quantities are outputt _ f ﬂ%r

17, 18 and 19 for the transverse trolley 11, the two (leff |l l _ g

sheave bl ocks 14 and 15, as control comuand 25 signal s I i

comands u0, ul and u2, whereby the optimal control for sway damping of. tbe
hoi sted | oad-piece 23 is effected. Fig.3 shows a controlling block

r epresent | NGoges£ELRY ERATLTBR! a8teBtS4°Y¥LNGa 08 §pEHaLPRY 8&%&&98@’ 'ng
determining unit, selects a preset operating-condition-
classifying optimal gain or an operating-condition-
classifying optimal gain set up by said independently
controlling optimal-gain calculating unit and outputs the
selected gain; and an optimizing control unit which, based on
the optimal gain outputfed from said operating-condition-
ciassifying optimal-gain selecting unit, sets up optimal
controlling quantities for the hoisted load-piece and
performs sway-damping control by driving said transverse

trolley and said sheave in accordance with the setup optimal

controlling quantities.
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lg,éﬁparatus of the present invention. As shown in Fig.3, in this

enbodi nent, a controller 51 is conposed of: an operating condition
determning unit 52 which, receiving detected signals froma transverse

notch- 5 dri ving control quantity detector 40, pqu%hQﬁHé@QmM€|OC'ty

detectors 31 and 32 of a transverse trolley driver
operating condition of a transverse trolley 11 or mhl ﬂm,ﬂ , he
transverse trolley 11 is in,

7. ABSTRACT

A pair of sheave blocks 14, 15 which is movable
relative to a transverse trolley 11 are disposed on both
(right and_ieft) sides of a transverse trolley 11. .Detectors
31 through 38 are provided which detect the moving condition
quantity of the transverse_trolley 11, the moving condition
quantities of a hoisted loéd-piece 23.on both (right and |
left) sides and the moving condition quantities of the two
sheave blocks 14, 15 while a tranéverse notch-driving control
quantity detector 40 is provided on an operation control
panel 39 for the transverse trolley 11. A controller is
provided which effects.sway-damping control of the load-piece
hoisting device based on detection signals obtained from the
detectors 31 through 38 and.40, and an.optimizing control
unit performs sway-damping control with optimal controlling
quantities on the basis of a preset optimal gain K in
accordance with the moving condition quantities and the

notch-driving control quantity.
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specifically, a condition in which the trolley 11 is driven, 10 a
condition in which the trolley 11 is in the mddle of retardation to stop
at a target place or a condition in which the trolley 1Jl‘hhel&dtl-fa¥\/3¥en‘ﬁ€ﬂl&d”'

after the positioning, to thereby deliver output si gnal s;
‘oper ating-condition- classifying optinmal-gain selecting l’ml
based on 15 the signals fromthe operating conditiaon de t 52

and a plurality of operating-condition-classifying optinmal gains [err],
[err] and [err] which are previously cal cul ated and set up for the
di fferent operating conditions, select sgn optimal gain K for the detected

operating condition fromthe 20 oper gy™NgAaondi ghon- cl assi fyi ng opti nal
gains [err], [err] and [err]; ' @q _
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20 Accordingly, the thus obtained three kinds of optimat gdiub are

classified as [err], [err] and [err] in correspondengf e r], [efr
and [err], respectively. 25° Here, [err] is & g
velocity follow ng type optinmal-gain cal cul ati on node oper;tor

effects notch-driving operation in accordance withith t hes:
transverse trolley 11. without .effecting positional control of the
transverse trolley 11, [err] is a 30 wei ghing matri.x for a positional
control type optimal-gain calculation node in which the transverse trolley
11 is controlled so as to.reach the target position, and [err] is a
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REPLACEMENT SHEET 22 wei ghing matrix for a sway-danping type optinmal-gain

,calculation node in which the transverse trolley 11 Thes SAQBHEs AL, AR svvay
danplng is effected by the sheave bl ocks 14 and 15 an arit
matrix and nmay be a unit 5 matrix, for instance:: Th mrlces
[err], [err] and [err] are represented by the follown

F1G. 7a
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SPECIFICATION

1. TITLE OF THE INVENTION

"A SWAYING HOISTED LOAD-PIECE DAMPING CONTROL APPARATUS
2. FIELD OF THE INVENTION AND RELATED ART STATEMENT
(1) Field of the Invention ° |
The present invention relates to a swaying hoisted
load-piece damping control apparatus, and more detailedly
relates to a swaying hoisted load-piece damping control
apparatus for a load-piece hoisting device used in a large-
scale ;oad-piece lifting container crane and the like..
(2) Description of the Prior Aft
Fig;G shows an overall configuration of a. swaying
hoisted load-piece damping apparatus for used in a
conventional container crane and Fig.7 shows operating states
of the conventional swaying hoisted lbad-piece damping | -
apparatus.
As shown in Fig.6, a transverse trolley 1l is provided
transversally movable (movable in the side-to-side directions
in Fig.6) on an unillustrated main crane girder. The

transverse trolley 11 has a pair of rails 12 and 13 thereon

‘which guide a pair of sheave blocks 14 and 15, respectively.

so that the sheave blocks 14 and 15 can move within short
range in parallel with the moving direction of “the transverse
trolley 11. The transverse trolley 11 is connected through a

wire 16 to a trolley driver 17 disposed on the main girder
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(not shown) on which the transverse trolley.ll moves. ~ The
sheave blocks 14 and 15 have respective sheave block drivers
18 and 19 for driving the sheave blocks 14 and 15. A
hoisting attachment 22 is hanged from the transverse trolley

11 through winding wires 20. This hoisting attachment 22

‘hoists a container 23 as a hoisted load-piece. Here, as

shown in Fig.6, the hoisting attachment 22 has a detecting
mark 21 for detecting the sway of the hoisted load-piece.

In stopping the sway of such a load-piece hoisting
device, the operator in the operator cab, visually observing
the motion of the hoisting attachment 2, used to perform
manual remote-control operations in the following manner.

That is, in the state shown in Fig.6, when the trolley
drivers 17 drivee the transverse trolley 11 from the left to
the right in a direction shown by an arrow c, if the movement
of the transverse trolley 11 is changed from the constant-

speed transverse travel mode to the retardin§ travel mode,

- the hoisted load-piece 23 hanged by the hoisting attachment

22 sways rightward (forward) due to its inertia, as indicated
by an arrow § in Fig.7(a). As the operator in the operator
cab watches the detecting mark 21 on the hoistiné attachment
22 and perceives the sway, the operator controls the
transverse trolley 11 to accelerate as lndlcated by an arrow
¥ in Fig.7(b), in conformity with the transverse sway of the

hoisted load-piece 23 (in the aforementioned direction of the
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arrow $). Alternatively, the two sheave blocks 14, 15 may be
controlled to move in the same direction w;th the swaying
direction of the hoisted load-piece 23 by activating the
sheave block drivers 18, 19. Thereafter, the operator tries

to control the transverse trolley -11 to retard in time with

" the reverse motion of the hoisted load-piece 23 after the

trolley completes a forward-swing of a certain magnitude or
should' control tﬁe sheave blocks 14, 15 to move in the
oppbsite direction to the aforementioned direction so that
the transversally swinging load-piece is dampeged to stop.
In the case shown in Fig.6, if, for example, the
hoisted load-piece 23 slues clockwise causing skew sway on a
plane as indicated by arrows A, the operator again perceives
it from the movement'of the detecting mark 21 and activates
the driver 18, 19 so as to move the sheave block 15 leftward"
(in the direction shown by an arrow B) and the other sheave
block 14’rightward (in the direction shown by an arrow C) in
'synchronism.with the skew swaf. To deal with a repulsive
swing of the hoisted load-piece 23, the. sheave biocks 14, 15
may and“should be driven in the opposite directions to those
described above, so that the skew way is attenuated to stop.
The conventional, swaying hoisted load-piece damping

apparatué.in which sway is manually sﬁopped by the operator,

.-however, suffers from problems as follows:

That is,_as stated above, it is true that simple



carried out as foll ows: (a) I f the | oad-piece stays far fromthe target
place =the optimal gain [err] for the velocity f ollow ng node in mhlch the

20 *operator effects notch-driving operation is sel ectga—ss=te=optF
gain K. (b)- If the |load-piece is bron‘?ht close to the QWQMWSME@'
optimal gain K2 f or the positional rol node in whic

t he tyran rse
trolley 11 is controlled so as to reach the 25 t ar get || PDae M 'Z'@gf
as the optimal gain K. (c) I f the | oad-piece is positioffed=at tfe" rarget“
pl ace, the optimal gain K3 f or the sway-danping node in which sway is

danped by the éhgr?gx?egsleocskv?aé'lloxangl 15 al eew Isswésel eftt%'ge Hoisted load-piece

23 can be attenuated and stopped by the operator by
accelerating and/or retarding the transverse trolley 11 or by
moving the sheave bloqks 14,15 in synchronism with the

5 swinging state of the hoisting attachment 22. But, if
transverse sway and skew sway occur at the same time and:
cause_the haisted load-piece 23 to make a complex motion, it
becomes difficult or practically impossible for the operator
to manually drive the transverse trolley 11 or the sheave

10 blocks 14, 15 well enough to deal with the situation.

As soon as the hoisted load-piece 23 is stopped to
sway, the sheave blocks must normally be returned by'force to
their home positions or the middle of the transverse trolley
11 with respect to the transverse direction, so that the two

15 (left and'right) sheaves 14 and 15 can move in either
transverse direction to prepare for a next swing of the
hoiéted load-piece 23. In order to improve the efficiency of
‘conveying the hoisted load-piece 23, ﬁhe transverse trolley
11 must be driven af a maximum speed during it travels

20 transvefsally. When tﬁe hoisted load-piece 23 comes near a
térget position where it is to be unloaded onto the ground,
the transverse troiley 11 éhould be retarded so as to‘stop at
the target position and then need be stopped at the target
poéition where the load-piece is unloaded. To sum up, it is

25 necessary to effect, all at once,‘position or control of the



the optimal gain K 30 (4) Then, in the sane manner as in the first
enbodizment, the noving condition quantities and the transverse notch-

drivihg control quantity detected by the detectors 31 thg
.40 are outputted to the controller 51. §5) From the op raEpmmcgmgﬁTgHggT b
I nputted, the controller 51 nmakes the optim zing control {junit 54 efffct t he!
cal cul ati on of sway-danpi ng optim zing control based on {hdate:. Y. 4. 400 g

R

shease blocks 14 and 15, velocity and/or position control of
the transverse trolley 11 in'sonformity with the transverse
position and conditiqns, other than the control of damping
the swaying hoisted load-piece 23. Nevertheless, since the
5 conventional sway-damping operation is manually effected by
the operator, the controlling operatisn"requires the toughest
téchniques for even the skilled operators.
3. OBJECT AND SUMMARY OF THE INVENTION
The present invention has .been achleved to solve the
10 above problems and it is therefore an object of the present
invention to provide a swaying hoisted load~-piece damping
control apparatus which simplifies the operation of,damping
swaying hoisted losd-piece'and is ébie to achieve the damping
operation in an assured manner.
15 : Another object of the present invention is to provide a
swaying hoisted load-piece damping control apparatus which is
‘able to realize an optimal control for damping and stopping a
swaying hoisted load-piece as fast as possible by automating
the complicated swaying hoisted load-piece damping operation.
20
A further object of the present invention is to provide
a swaying hoisted load-piece damping control apparatus which
is able to improve the work efficiency of conveying hoisted
load-pieces by mérkedly reducing the work amount of the

25 operator and the time required for sway damping.



5 af or'enenti oned equation [1] to determi ne the velocity command uO for
the transverse trolley 11 and velocity conmmands ul and -u2 for respective
sheave bl ocks 14 and 15. (6): The optimzing control unit 54, based on the.
optimal gain K, calculates optimal contrglling quantities 'ékﬁﬂlcEMENTSHEEF1§
conformty with the noving condition quantities and the oferattng condition i
detected by the detectors 31 through 38 and 40 and out put § 6&&,_9. aﬂ&fed;i‘da_ '
optimal controlling quantities as control conmand signal s{lior_iig '
commands uO, ul and u2 to the drivers 17, 18 and 19 for the transverse 15
trolley 11 and the two (left and right) sheave bl ocks 14 and 15, whereby

t he hoi st ed | oad- pi d@e oxgers tepritraling thenebgiviee@bjects, a swaying hoisted

load-piece damping control apparatus (an apparatus defined in
Claiﬁ 1) for use in a load-piece hoisting device having a
,tranSverse.trolley for hoisting a load-piece, and a pair of,
5 or right and left, sheave blocks which are disposed along
moving directions of the transvérse trolley in parallel with
the sides of the transverse trolley and movable relative to
"the transverse trolley, comprises: trolley moving conditien
quantity detectors for detecting moving condition quantities
10 of the transverse trolley; hoisted load-piece moving
condition quantity detectors for detecting moving condition
quantiﬁies on right and left sides of the load-piece hoisted
by the transverse trolley; sheave-block moving condition
quantity detectors for detecting moving condition quantities
15 of the right and left sheave b;ocks; a notch-driving control
duantity detector for detecting transverse hotch-driving
. control quantity of the trolley controlled by means of aﬁ
operation controlling panel; and a controller for effecting
sway-damping control of the load-piece hoisting device based
20 on detecéion'signals obtained from the detectors, and
constructed such that the controller has an optimizing
control unit;which sets up optional controlling quantities
for tﬁe hoisted load-piece in accordance with moving
condition quantities and notch-driving control quantity

.25 detected from said detectors, on the basis of a preset



to stop §mﬁnging. Thus, in accordance with the controller 51 described in
t he second enbodinent, it is possible to elimnate the 20 [ fficulties

in the operating-condition ¢lassifying determ nation and rngpuxg _
control in the conventional configuration by determ ning ghe Opﬁn.’; g%SHEET

condition of the transverse trolley 11 by the operating
determning unit 52, allow ng the operating-condition-cl
optimal -gain selecting unit 53 to select an individual

optimal gain for sway damping, and performs sway-damping
control by driving said transverse trolley and said sheave
blocks in accordance with the setup optimal controlling
quantities.
5 Accoxrding to the present invéntion, in the swaying
hoisted load-piece;damping control apparatus defined in Claim
1, the controller comprises: an operating condition
determining unit which detects the operating condition of the
traﬁsverse trolley, based on detected signals of the
10 operating condition quantities and the notch-driving control
quantity for the transverse trolley; an operating-condition-~
classifying optimal-gain selecting unit which, in accordance
with the operating.condition detected by the operating
condition determining unit, selects an operating-condition-
15 classifying optimal gain for sway damping from a plurality of
predetermined optimal gains; and an optimizing control unit
which, based on the optimal gain outputted f;om the
operating-condition-classifying optimal-gain selecting unit,
sets up optimal controlling quantities for-the_hoisted load-
20 piece aﬁd performs sway-~damping control by driviné the
transverse trolley and the sheave blocks in accordance with_
the setup optimal controlling quantities.
According to the present invention, in the swaying
hoisted'load-piéce dampihg control apparatus defined in Claim

25 1, the controller comprises: an independently controlling



25 optimal gain K for each node selected fromthe velocity foll ow ng node,
the target-position reaching node and the sway-danpi ng no ' he
sheavé bl ocks 14 and 15, in:correspondence with the operaffiggp |

the transverse 5 trolley 11, and makikng the optim zi ng con#?@ﬁﬂﬁ%ﬂ%ﬁﬁﬁﬁ?ﬁ
effect optimal control of danping sway sed on the sele )y éaOCEaBgS _

K. Fig.4 shows a control block representing a third enmbodFrest—af—3"% rng !
hoi st ed | oad- pi ece danping control 10 apparatus of the present T
invention. As shown in Fig. 4, a controller 61 of the present

I

optimal-gain calculating unit which calculates independent
optimal gains used to control transverse sway and skew sway
of the hoisted load-piece, independently one from the other
and outputs the calculated optimal.gains; and an optimizing
. 5 controel unit for effecting sway-damping control which, based
on the optimal gains outputted from the independently
controlling optimal-gain calculaﬁing unit, sets up optimal
controlling quantities for hoisted load-piece and performs
sway-damping.control by'driviﬁg the transverse trolley to
10 daﬁp transverse sway of the load-piece and driving the riglit
and left sheave blocks to damp skew sway of the load-piece.
According to the present invenfion, in the swaying
hoisted load-piece damping -control apparatus defined in Claim
1, the cdntrpller comprises: an independently controlling
15 optimal;gain calculating unit which calculates independent
optimal gains used to control transverse sway_and skew sway
- of the hoisted load-piece, independently ohe from the other
‘and outputs the calculated optimal gains; an operating
condition deﬁermining unit which detects the operating
20 condition of the transverse frolley, based on detected
signals of the operating Edndition quéntities and the notch-
driving control quantity for the transverse trolley; an
operating;conditionéclassifyiné optimal-gain selecting unit
which, in accordance with the operating condition detected by

25 the operating condition determining unit, selects a preset



i nvention is conposed of an optinal-gain calculating unit 62 for
I ndependently controlling transverse sway and skew sway R—order {0

cal cdl ate optimal gains which are used when the 15 t ffagey . A}
e

skew sway are danped i ndependently each fromthe other #nd an 2 L m
control unit 63 for effecting sway-danPing control base |gﬂegﬁ§"o&ﬁf
gain K determined by the resulting caletl ation in the optd —gala
calculating unit 62 for independently controlling transverse 20 sway and
skew sway. Wien both transverse and skew sway are detected sinmultaneously
t hrough the aforenentioned detectors 31 through .38 _and .40, the gg}inizing
control unit opgrading-sondifionrclessidiiag Amate 93ePe &5 6 CPEFAFARE

opti mal

condition-classifying optimal gain set up by the
independently controlling optimal-gain calculating unit and
outputs the selected gain; and an optimizing control unit

5 wﬁich, based on the optimal gain outputted from the
operating-condition-classifying optimal-gain selecting unit,
sets up optimal controlling quantities for the hoisted load-
piece and performs sway-damping control by driving the
transverse trolley and the sheave blocks in accordance with

10 the setup optimal controlling quantities.

In accordance with the swaying hoisted load-piece -
damping control apparatus of the present invention, as the
container crane is activated, detection signals as to moving
condition quéntities are detected by the transverse trolley

15 moving condition quantity detector, the right- and left- .
sheave-block operating condition quantity detectors and the
hoisted load-piece moving condition quantity detectors for
detecting the movement oﬂ right and left sides of the load-

' piece while the opérating quantity signal is detected by the

20 notch—driving control quantity detector. The thus detected

signals are sent to the controller. In the controiler,'an
optimal gain for sway damping is'previoﬁsly determined in
conformity with the moving condition quantities of the
hoisted load-piece such as transverse sway and skew sway

25 during the transverse trolley travels transversally, at the



controllfng quantities for the transverse trolley driver 17 25 for
danping the transverse sway and for the two (left and 2 6 right) sheave
bl ock~drivers 18 and 19 for .danping the skew sway based off T ; '

iRERLACENENT 8y

K determ ned by the optinmal- gain cm<nn§5ing unit 62 for E :
' ct the qgafin 5;55
| Dt ..L 499%

controlling transverse sway and skew sway and thereby eff
control separately. Now, description w be made on a s

time of retardation for positioning, or in the stopping
state, and then the optimizing control unit effects sway-
damping control by driving the transverse trolley and the
sheavé blocks by optimal controlling quantities set up in
5 | accordance with operating condition quantities of the hoisted
load-piece on the basis of the optimél gain. |
'The operating condition determining unit, based on the
signals from the transverse trolley moving condition
detectors and from.the notch-driving control quantity
10 detector, determines which condition the transverse trolley
is in, specifically, the condition in which ﬁhe transverse
trolley travels, the condition in which the trolley is
retarded for positioning or the condition in which the
trolley is stopped with the hoisted'loaq-piece swaying alone.
15 The determined signal is outpﬁtted to the operating-
condition-classifying optimal gain selecting .unit. This
operating-condition-classifying optimal gain selecting unit,
'as receiving the determine signal, selects any one of optimal
gains previously set up according to plurxal ciassifying
20 operating conditions and outputs the thus selected optimal
gain to the optimizing control unit. The optimizing control
unit sets up an optimal controlling quantity in accoxrdance
' with the moving condition quantity of the hoisted load-piece
on the basis of the selected optimal gain and drives the

25 ‘transverse trolley and the sheave blocks by the thus set up



sway danping by the controller 61 of this enbodiment. (1) The

optimal -gain calculating unit 62 for |ndependently control ling transverse,
sway and skew sway cal cul ates an 10 opti mal galn i n t ke=fetton J X
1) In the state equation [5] shown ahgve, if X is sub tnEmnkQEM@NRSHéETX'
x'" to effect a node transformation, then the foll ow ng sflate eir QSI @ 1
can be obtained. Here, x' and T |nd|cate a new condi ti onjjgDetat.; 3 3]
and a 15 mode transforming matrix, respectively. x' =&~ x—+B X U
[10] where A" = T[err] x Ax T B = T[err] x B 20

by opﬁimal controlling quantities, to thereby perform sway-
damping control. -

The independently controlling optimal gain calculating
unit calculates a reéuired optimal gain for damping

5 transverse sway and skew sway of tHe hoisted load-piece so as
to output it to the optimizing control unit. The optimizing
control unit effects sway—dampiﬁg.control by driving the
transverse trolley bdsed on the optimal gain component for
damping transverse sway and driving the right and left sheave

10 blocks based on the optimal gain component for damping skew
sway.

The indepehdently controlling optimal gain calculating
unit calculates a required optimal gain for damping
transverse sway and skeﬁ sway of the hoisted load—biece so as

15 to output it to the operating-condition;classifying optimal
gain selecting unit while the operating condition determining
unit, based on the signals from the transverse trblley :
operating conditién detectors and from the notch-driving
control quantity detector, determines which condition the

20 ‘transverse trolley is in, specificaliy, the condition in
which the transverse trollef travels, the condition in which
" the trolley is retarded for positioning or the condition in
which the trolley is stopped with the hoisted load-piece
swaying alone and outputs the determined signal to the

25 operating-condition-classifying optimal gain selecting unit.
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The operating-condition-classifying optimal gain selecting
unit, as receiving these determined signals, selects one of

the optical gains classified according to the operating

condition and outputs it as an optical gain to the optimizing

control unit. The optimizing contfgl unit effects sway-
dampiﬁg céntrol by driving the transverse trolley based on
the optimal gain componenf for damping transverse sway and
driving fhe right and left sheave blocks based on the optimal

gain component for damping skew sway.

4. BRIEF DESCRIFTION OF THE DRAWINGS

Fig.l is a schematic construc£ional view showing'an
overall configuration of a.swaying hoisted load-piece damping
control apparatus in accordance with an embodiment of the
present invention;

Fig.2 is a block diagram showxng a first embodlment of
a controlling apparatus-
| Fig.3 'is a block.diagram showing a second emquiment of
a'controlling apparatus;

Flg 4 is a block dlagram show;ng a third embodiment of
a controlllng apparatus- ‘ ) ' .

| Fig.5 is a block diagram showing a fourth embodiment of

a controlling apparatus; | |

Fig.6 is a schematié'view showing a conventional

swaying hoisted load-piece damping apparatus for‘use in a



27 5 ‘. 10 10 00101T-= 10-10 010-1 10 10 01 012 1 O
0 0 10 1 10-10 010-1 15 In one word, a new state equation is
derived with s '

i3

————

prior art container crane; and

Fig.7 shows illustrations of operating conditions of
the conventional swaying hoisted load-piece damping
apparatus. | |

y
5. DETAILED DESCRIP&ION OF PREFERRED EMBODiMENTS

Embodiments of the present invention will hereinafter
be described in detail with reference to Figs.1l through 5.

Fig.1 schematicélly.shows an overall configuration of a

10 swaying hoisted load-piece damping control apparatus in |
accordance with an embodiment of the present invention.
Fig.2 is a controlling block for explaining a first
embodiment of a controlling apparatus. In fig.l, identical
reference numerals are allotted to components having the same
15 functions with those in the prior art shbwn in_Fig.G and
repeated descriptién for those is omitted.

As shown in Fig.l, iﬁ a controlling apparatus for
damping a swaying hoisted load-piece of ﬁhis embodiment, the
trolley driver i7 of tﬁe transverse trolley 11 includes a

20 poéition.or displacement detector 31 and a wvelocity detectpr
32 as detectors for détectiﬁg trolley operating condition
quantities. The left-side sheave block 14 is provided with a
position or diqplacemenf detecﬁor 33 and a velocity detectox
34 as detectors forldetecting'mOVing condition quantities of

25  the sheave block. In the same manner, the right-side sheave



respect ‘to a new condition quantity vector x' whose elenents are: in the
descendi ng order, xO and xl: position or dlsplacenent and veIOC|ty of the
transverse trolley 11; x2' and x3': transverse conponefffs—or St
or 20 di spl acenment and vel ocity of tﬁg sheave bl ock

x5': skew conponents of the position or

e

AEPLAGEMENT SHEET
| spl acenent a

d vel
sheave bl ocks 14, 15; x6' and x7': transverse Conponen_ c?E?QEZJ&%E
di spl acenent and vel ocity of the hoisted | oad-pi ece 23; an

skew conmponents 25 of the position or displacenent and velocity of the
hoi sted | oad-pi ece 23. 2) For the above state equation [10], an optinal
~garn - - block 15 is provided with a position or displacement detector

35 and a velocity detector 36. In order to detect moving
condition quantities of the hoisted load-piece, swaying
motibnidetectors 37, 38 are provided respectively on left and
5 right sides of the transverse troliey 11 so as to check the

motion of the detedting mark 22 on the hoisting attachment 22
and thereby detect left-side and right-side swaying positions
or displacements and velocities of the hoisted load-piece 23.
Further, a transverse operation controlling panel 39 in the

10 ° crane operator cab is equipped with a transverse hotgh—
driving control“quantity detector 40.

A controller 41 is to receive'detection signals from
all the moving condition gquantity detectors 31 through 38 and
the transverse natch-driving control quantity detector 40 |

15 (see Figs.l and é), to calculate optimai céntrolling
quantities required for neutralizing the operating condition
quantities inputted, or nullifying the swinging momeﬁtum of
the hqisted load-piece 23, and to output control command
signals_to the driver li for the transvérse trolley'll and

20  drivers 18, 19 for left and righf sheave blocks 14, 15.

The controller 41, as shown in Fig.2, has an optimizing
control unit 42 which, based on an optimal gain K for sway
damping_which is'pievibusly calculated and set up separately
in the controllEr 41, determines optimal controlling

25 ~quantities in accordance with the moving condition quantities



matrix R defined as in the following equation [12] is determined so that
an evaluation function J defined by the 30 follow ng equation [11] takes
a m ni mui mval ue. 28 [err]= ([err] x Qx x" + [err] x

[11] 5u = K x X' ... [12] 10 RLASEMENRSHEET

. }epresent wei ghing matrices of 10 x lo_and 3:'x 3, respecfi éﬁl
Q can be expressed as follows: | Ba%e ---- UE&(%C"CSS

of the hoisted load-piece 23 and the operating condition
quantities of the transverse trolley 11 supplied from
detectors 31 through 38 and 40 and thereby controls the
driver 17 of the transverse trolley 11 and drivers 18, 19 for

5 respective (left and right) sheave’ blocks 14, 15 so that
optiﬁal damping can be done.

Now, description will be made on a specific operational:
process of sway damping using the swaying hoisted load-piece
damping control apparatus of the embodiment described above.

10 (1) First of all, detectors 31 through 38 and 40 detect
moving conditien quantities of the transverse trolley 11, the
sheave blocks 14, 15 and the hoisted load-piece 23 and a
transverse notch-driving control quanfity and output the
detected signals to the controller 41.

15 (2) Next, these moving condition quantities and transverse
notch-driving control quantity are used in the oﬁtimizing
control unit 42-for calculation of optimal sway-damping
control to calculate a velocity command u0 for the transverse
trolley 11 and velocity commands ul, u2 for the sheave blocks

20 14, 15 ey the following formula (1]:

ﬁ =K X i ceee [1]

Here, ‘u’ represents a controlling (operating) quantity
vector shown as follows and the elements are the velocity
. command u0 for the transverse trolley 11, the velocity

25 command ul for the left-side sheave block 14 and the velocity
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In this way, by mnimzing the eval uation functlon J, the
matrix K is to be determned to neutraliz
16 REPLACEMENTSHEET

sasa—a—.

command u2 for the right-side sheave block 15, in order from
the left, and more éxpliciﬁly,l'u' can be defined as the

following equation [2]:

. u 0 -’
u = [Fl] ceee [2]
' u2

A conditidn quantity vector ‘x‘’ is defined as follows.
That is, the élements are, in the descending order, a
position-or displacement x0 and a velocity x1 of the
transverse trolley 11, a position or displacement x2 and a
velocity x3 of the left sheave block 14, a position or
displacement x4 and a velocity x5 of the right sheave block
15, a position or displaqemenﬁ x6 and a velocity x7 of the
hoisted load-piece 23 on-its left side, and a position or
displacement x8 and a velocity x9 of the hoisted load-piece
23 on its right side. Explicitly, ‘x’ can be.expressed as

the following equation [3]:

x1
x2
_ x3

X = x4 ....[3]
x5
x6
x7
x8




or nullify all the elenents of the condition quantity x' as fast as
possi bl e using the smallest controlling quantity. Here, tive=eptinal
al l ocation of tasks to the transverse 30 trolley and [ Nt SHEST
shoul d be determined in order to achie%§ optimal controlffof sway danpi ng.
Thi s depends on the setup of the weighiHg.matrix Q-appea bo
equation [11]. Sway of the hoisted | oad-piece 23 during
travel qualitatively conprises a |arge transverse sw ngi ng

L S e S B T Vi s s m i A S

A 3 x 10 constant matrix ‘K’ defined by the following

equation [4] represents an optimal gain matrix:

k00 k01 k02 k03 k04 k05 k06 k07 k08 k09
5 K = [ k10 k11 k12 k13 kl4 k15 k16 k17 k18 k19] .[4]
k20 k21 k22 k23 k24 k25 k26 k27 k28 k29
Here, thé constant matrix K as an optimal gain is to be .
10 calculated previously by the following procedures.
1) From the equations of motion for the transverse trolley

11, the two (left and right) sheave blocks’ 14, 15 and -
swinging motions on the right and left sides of the hoisted
load-piece 23, the followiné equation of state shown by [5]
15 is derived. This state equation is a liner differential
equation which represents the swing of the hoisted load-piece
23 by a spring-mass system of transverée and skgw_movement.
Here, detailed description of the state equation, inclusive

of its derivation, is omitted.

20 .
X =A xx+ Bxu ....([5]
where u and x represent the aforeméntioned controlling
25 quantity vector and condition quantity vector, respectively,

while A designateé a 10 x 10 constant matrix and B designates
a 10 x 3 constant matrix.

2) For the above state equation [5], an optimal gaih K
defined as in the following equation [7] is determined so

30 that an evaluation function J defined by the following



REPLACEVENT SHEET notion, generated due to the inertial of the hoisted
| oad- piece 23 when it is accelerated or retarded and a skew sw ngi ng
notion relatively snmaller t-han the transverse sw ngi ng nptFoF—geRreraced |
due to the eccentricity etc., of 5 {fe hoisted |oad- REPLAGEMENT SYEES,
to danp the relative |arge transverse sw nging notion, qgptinml Gen(CP! 1995
sway danping by the transverse trolley 11 shoul d be usedj $latece..+-he-rovenent

of the sheave blocks 14, 15 is limted within-a short st o L e.
transverse trolley 11 and therefore can 10 not deal with the |arge
swi nging notion. On the other hand, in order to danp the skew sw ngi ng

notion, opti @@ua%%hr ?k]O{:akes a minimum value.

- _
J{ (xerxx+uTxqu) dt ....[6]

[}

2
4

u =K x x. o ee-o[7]

10 .
where Q and R represent weighing matrices of 10 x 10 and 3 x

3, respectively.
In this way, by minimizing the evaluatioh function J,
the optimal gain K is to be determined to neutralize or
15 nullify all the ‘éleménts of the cond;i.tic-on quantity x’ as fast
as possible using the smallest controlling quantity far,
(3) Based on the optimal gain"K determined by the above
calculation, the optimizing control unit 42 calculates
optimal controlling quantities in conformity with the moving
20 condition quantities and the operating condition detected by
the detectors 31 through 38 and 40. The thus obtained
6pti.mal controlling quantities are outputted to the drivers
17, 18 an'd 19 for the transverse troiley 11, the two (left
and rigﬁt) sheave blocks 14 | and 15, as control command
25 signals for velocity coman&s u0, ul and u2, whereby the
: optimal control for sway damping of the ﬁoisted load-piece 23
is effected.
Fig.3 shows a controlling block representing a second

embodiment of a swaying hoisted load-piece damping control



sway darmpi ng by the sheave bl ocks 14 and 15 shoul d be applied since the
skew sway is relatively snmall and the novenent of the transverse trolley 11

can, *not deal with this kind of 15 noti on, theoreticalf=p=—Fthis

al l ocation of tasks can be achieved by agjusting el enent NEPLhGEW@H‘%T
matrix Q specifically, g2, g3, g4 and as follows: Theg] el erre?a

g3 are the weighing coefficients of 20 the transverse mel... SO o
for the sheave bl ocks 14, 15, and if these el enents are tEReFit=srge—tho

transverse notion of the sheave bl ocks 14 and 15 required for danping
transverse swinging notion will be limted. Therefore, only

apparatus of the present invention.

As shown in Fig.3, in this embodiment, a controller 51
is coﬁposed of: an operating condition determining unit 52
which, receiving detected signals from a transverse notch-

5 driving control quantity detectoxr 4b, position and velocity
detectors 31 and 32 of a transverse trolley driver 17,
determines fhe operating condition of a transverse trolley 1l )
or which condition the transverse trolley 11 is in,
specifically, a condition in which the trolley 11 is driven,

10 a condition in which the trolley 11 is in the middle of
retardation to stop at a target place or a condition in which
the trolley 11 need sway damping after the positioning, to
thereby deliver output signals; an operetigg-condition-
classifying optimal-gain selecting unit 53 which, based on

15 the signals from the operating eondition determining unit 52
and a plurality of operatingrcpndition-classifying optimal
gains Ky, K, and K, which are previously calculated and set up
for the different operating conditions, selects an optimal
gain K for the detected operating condition from the

20 'operata.ng-condJ.tJ.on-class:.ny.ng optimal gains K;, K and K3,
and an optimizing control unit 54 which, receiving the
optimal gain K eelected in the opera;ing-condition—
classifying optimal-gain selecting unit 53, sets up optimal
controlling quantities in accordance with moving condition

25 quantities inputted from the detectors 31 through 38 and



the trol'ley 11 will contribute to controlling the danping 25 operation

of transverse sw ngi ng notion. 30 The el enents g4 and
wei ghi ng coefficients of the skew novenent conponent for tﬁgpqi

14, 15, and if these elenents are takenygmall, the nove %?ﬁéﬁgp
bl ocks 14 and 15 requi red for danping skEMLsmnnglng not i

secured within the stroke ranges of the sheave bl ocks 1
since the transverse trolley 11 cannot

10

15

20

25

re_the

effects optimal control fér‘sway dampihg by the drivers 17 of
the transverse trolley 11, the drivers 18, 19_of respective
(left and right) sheave blocks 14, 15.

Now, description will be made on a specific sway-
damping process effected by the cofitroller 51 of this
embodiment.

(1) The operating condition determining unit 52 determines
the operating condition of the transverse trolley 11 based on
the detected signals from the transverse notéh-driving
control quantity detector 40, the position and velocity .-
detectors 31, 32 of ﬁhe transverse trolley driver 17. At
that moment, if the operator is performing a notch-driving
operation or the notch-driving operation quantity is not
zero, the unit-52 judges that the hoisted load-piece 23 is
still far from a target position where the load-piece is to
be placed on the ground. When the notch~-driving operation

quantity becomes equal to zero, the unit 52 judges that the

'load-biece comes near the target position. When the notch-

driving operatlon quantlty is equal to zero and the

transverse trolley posxtlon information lndlcates that the

- load-piece 23 is at the target position with the transverse

velocity equal to zero, the hoisted load-piece 23 is judged
as to reach the target position..
(2) The bperating-condition-classifying optimal-gain

selecting unit 53 selects as the optimal gain K any one of



contribute to the skew novenent theoretically, only the sheave bl ocks will
effectively control the danping operation of skew sw ngi ng-—aatd 10 3)
Next,; with x = [ERR] x x substituted in the above equati of) RErtlac T SHEET
follow ng equation [13] can be obtainedy;This allows the Bystemto obtain
an optimal gain K=K x [err] for the feed-back conditiommﬂ.mﬂck:] =
K x [err] x.x =K x x 15 The optinmal gain thus Faetehy—-t-Re
above calculation is set up as an optinmal gain part K (2) Then, in the
sane nmanner as in the first enbodi nent., the nhoving condition quantities and
the transverse notch- ,
three optimal gains K, K; and K in accordance with the

operating condition determined in (1). Here, the optimal

gains K|, K, and KJ are determined in the same manner as

described in the procedures 1) and 2) of (2) of the first
5 embodiment, using the following tlree evaluation functions

Jy, J, and J; shown in [8] for the‘ optimal gains K;, K, and K,

respectively.
\
) * ,
10 - g = (£ xQ xx+u xR xu)dt
JOo
) = (XTXQZXX"'uTxqu) dt ....[8]
15 Jo '
?‘w .
J3'= (XTXQ3'xx+uTxqu)dt
J o . )
20 7

Accordingly, ‘the thus obtained three kinds of optimal
gains are classified as K. K and Ky in corréspondence with
- Jl, J2. and J3, respectively. |

25 Here, Q; is a weighing matrix for a velocity following
type optimal-gain calculation mode in which thg operator
effects notch-driving operation in at-:cordance with thg
velocity of the transverse trolley 1l without effecting
positional control‘of the transverse trolley 11, Qz is a

30 weighing matrix for a positional control type optimal-gain
calculation mode in which the transverse trolley 11 is

controlled so as to reach the target position, and Q is a



driving control quantity detected by the detectors 31 through 20 38 and
40 are outputted to the controller 61. (3) From t he

,.I +:An

guantiiti es and transverse notch-driving.control quantit ﬂ“ﬂﬁACEMEMMSHEET J
controller 61 nakes the optim zing contypl unit 63 effe t he dﬁ tlon r
of sway-danping optim zing control based_on the 25 af EbNBn ............ f

equation [1] to determ ne the velocity conmand 31 uO
trolley 11 and velocity comrands ul and

weighing matrix for a sway-damping type optimal-gain
,calculation mode in which the transverse trolley 11 is
positioned and sway damping is effected by the sheave blocks
14 and 15 alone. R is a constant matrix and may be a unit

5 matrix, for instance. | . i

The weighing matrices Q;, Q and Q, are represented by

the following matrices [9]:

Y 3
10 gl
q2 0
q3
Q = g4
g5
15 qb
0 q?
g8
\ Q9 )

20
( q0 \
ql
q2 0
. a3
25 Q2 = g4
g5
g6
0 q7
q8

30 . \ -y



u2 for respective (left and right) sheave bl ocks 14 and 15. (4) The
optim zing control unit 63, based on the optimal gain K, calcul ates opti nal
controlling quantities in 5 conformty with the aninq condition

quantities and operating condition detggted by the dete Q&§lﬁﬂk Fil
and 40 and outputs the obtained opti mal—controlling qua i on %1
‘command signals for velocity commands u0, ul and u2 to t 4s067, 199% I

and 19 for the transverse'trolley 11 10 and the two (le _ggg_gﬁgg£*==&
sheave bl ocks 14 and 15, whereby the hoisted | oad-piece 23 is optinally

controlled to stop smnnglng Thus, with the controller 61 illustrated in
the third
ro-. \
0
5 g2 0
q3 .
Q = q4 . eesal9]
a5 '
G
10 ' 0 a7 -
g8
\ - q9/
15 (3) The selection of an optimal gain K by the operating-

condition-classifying optimal-gain selecting unit 53 is
carried out as follows'
(a) If the 1oad-p1ece stays far from the target place, the
optimal gain K, for the velocity following mode in which the

2q operator effects notch-driving operation is selected as the
optimal gain K. |
(b) If the load-piece is brought close to the target place,
the optimal gain K, for the positional control mode in which
the transverse trolley 11 is controlled so as to reach the

25 target place is selected as the optimal gain K.

| (c) If the load—piede is positioned at the target place,

the optimal gain K; for the sway-damping modé in which sway
is damped by the sheave blocks 14 and 15 alone is selected as
the optimal gain K.

30 (4) Then, in the same manner as in the first embodiment,
the moving cohditién quantities and the transverse notch-

driving control quantity detected by the detectors 31 through



enbodi nent, the condition quantity vector x obtained fromthe 15
detector.s 31 through 38 and 40 is nultiplied by the node
matrix [err] to produce a new condition quantity vector X HEPWﬂUEﬁEﬁfﬁhEET
transverse sw ngi ng conponent and the @heM/smnnglng conpojient argg

separated. The thus newy produced vectar-x' is multiplie Dﬁeihg ______
gain K to 20 obtain optimal controlling quantity vectcFtr——As—tO tHE"
danpi ng operation, the optim zing control unit 63 is constructed such that
the transverse sw ngi ng conponent is danped by the drive of the transverse
trolley 11 while the skew sw ngi ng conponent is danped by the drive of the
sheave 25 M ooks 400 and dbtputbBetiheopthercamtreyiernplit was very

(5) From the operating condition inputted, the controller
51 makes the optimizing control unit 54 effect the
calculation of sway-damping optimizing control based on the °
5 aforementioned equation [1] to determine the velocity command
u0 for the transverse trolley 11 and velocity commands ul and
u2 for respective sheave blocks 14 and 15.
(6) The optimizing control unit 54, based on the optimal
gain K, calculates optimal controlling quanﬁ;ties in
10 conformity with the moving'condition quantitiés and the
operating_conditioﬁldétected by the detectors 31 through 38
and 40 and outputs the obtained optimal controlling
quantities as control command signals for velocity commands
u0, ul and u2 to the drivers 17, 18 and 19 for the transverse
15 trolley 11 and the two (left and right) sheave blocks 14 and
15, whereby the hoisted load-piece 23 is optimally controlled
to stop swinging. | ' |
Thus, .in accordance with the controller 51 described in
the second embodiment, it is possible to eliminate the
20 difficulfies in thg operéting-condition classifying
determination and the operafion control in the conventional
configuration by deteérmining the operating condition of the
transverse trolley 11 by the operating condition determining
unit 52, allowing the operatiﬁg-coﬁdition—classifying

25 optimal-gain Selecting unit 53 to select an individual



3 2 difficult for the operator to de5|gnate how to control fhe transverse
trolley 11 and/or the sheave bl ocks 14, 15, but it is possifp
enbodi ment to solve the conventional problemof this kind. [[5
shows a control block representing a fourth enbodi ment of §
|. oad- pi ece danping control apparatus of23he present invent

Fig.5, a controller 71 of this enbodi ment

optimal.gain K for each mode selecfed from the velocity
follo@ing mode, the target-position reaching mode and the
sway-damping mode using the sheave blocks 14 and 15, in
correspondence with the operation condition of the transverse
5 trolley 11, and making the optimiiing control unit 54 effect
optimal control of damping sway based oﬁ the selected optimal
gain K.
Fig.4 shows a control block representing a third
embodiment of a swaying hoisted load-piece damping control
10 apparatus of the present invention.
As shown ‘in Fig.4, a controller 61 of the present
invention is composed of an optimal-gain calculating unit 62
for independently controlling transverse sway and skew sway
in order to calculate optimal gains which are used when the
15 tranéverse sway and skew sway are damped independently each
from the other and an optiﬁizing.control,unit 63 for
'effecting_sway—damping control based on the optimal gain K
determined by the résulting calculation in the optimal-gain
calculating unit 62 for independently controlling transverse
20 sway and Skew sway.l When-both.transvefse and skew sway are
detected simultaneously through the aforementioned detectors
31 through 38 and 40,'the optimizing control unit 63 is to
set up, in accordance.with thé detection, separate optimal
controlling quahtities for the transverse trolley driver 17

25 for damping the transverse sway and for the two (left and



i s has conbined features of the controllers 51 and 62 10 described in
the second and third embodi ments. Specifically, in the controller 71, an
optim zing control unit 72,.as receiving detection sign
detectors 31 through 38 and 40, sets up,@Eptimal controll mupuaGEMENE§HEET
al ways referring to an optimal gain K V_\Azﬂ_l_ch s 15 detlerm ned aig]\gr[dlgm
to both the operating condition and sw ngi ng nodes (i.e. pa

SwW ngi ng notion and the skew swi ngi ng notion) as execut et

ersg’”
-controllers 51 and 61 of the second and third enbodi ments. Wth the thus

determ ned opti nmal controlling guantities, the controller 71 20 effects

sway- danpi ng control .
Y- np g right) sheave block drivers 18 and 19 for damping the skew

o f.x

sway based on the optimal gain K determined by the optimal-
gain calculating unit 62 for independently controlling
transverse sway and skew sway and thereby effect the damping
5 control separately.

Now, deécription will be made on a specific flow of
sway-damping by the controller 61. of this embodiment. .
(1) The optimal-gain calculating unit 62 for indépendently
controlling~tfansverse sway and gkew sway calculates an

10 optimal gain in the following way:

1) In the state é&ﬁation [5] shown above, if x is
substituted by x = T x x’ to effect a mode transformation,
then the following state equation [10] can be obtained.
Here, x’ and T indicate a new condition quantity vector and a

15 mode transforming matrix, respectively.

x' = A’ X X' + B’ xu eee+[10]

where A’ = ‘I."1 x A xT B’ = 'l"1 x B
20
( x0
x1
x2'
x3
25 x'= | x4’
x5'
X6
x7

30 L;:g:J



hbmn'deécription wi Il be made on a specific sway- danping process effected

by the controller 71 of this enbodi nent. (1) In the sane nanner as in the
aboveé-described third 25 .enbodi ment, the optinmal -gai n AT CO-a gt

62 for i ndependently controlling tr verse sway and sKg

the aforementioned state equation [10], en, optiml gai

and [err] are determned in the same nmanner as described.i-
enbodi nent, so that the

(1 )
1 .
5 - 10 10 0
01 01
T = 10-10
010-1 . =
: 10 10
10 0 01 01
10-10
\ 010-1
15 In one word, a new state equation is derived with

respect to a new condition quantity vector x’ whose elements
are: in thé descending order, x0 and x1: position or
displacement and velééity of the transverse trolley 11; x2'
and x3’: transverée components of the position or

20 displacement and velocity of the sheave blocks 14, 15; x4’
and x5‘: skew components of the position or displacement and
velocity of the sheave blocks 14, 15; x6’ and x7‘: transverse
components of the position or displacement and velocity of
the hoisted load-piece 23; and x8‘ and x9’: skew components

25 of the position or displacement and velocity of the hoisted
load-pigce 23.
2) For the above state equation [10], an optimal gain
matrix K’ defined as in the following equation '[12] is
determined so that an evaluation function J defined by the

30 following equation [11] takes a minimim value.



5 af orementioned three evaluation functions [err], [err;
in [8 my be mnimzed. Here, weighing matrices [err], REp
use those shown in the second enbodinent. As to [err] and [err&, MT?
[err], [err] and [err] should be adjust % as shown in thellthrd dhhongq
so that the optimal gains [err] and [er%] shoul d all ow 10 L OdE! ENoentYyY.
control operations, that is, control of the trolley 11 for transverse
and control of the sheave bl ocks 14, 15 for skew sway can be done

i ndependently. (2) As the follow ng procedures are effected in the sane

err] shown

manner as in the second enbodi nent, the detailed description 15 IS
omtted. Thus, with the controller 71 illustrated in the fourth
o0 ’ by
J = (x'T x 0 xx* +u xR xu) dt e [11]
4]
5
u =K' x %’ S ce.a{12]
10 where Q and R'represent weighing matrices of 10 x 10 and 3 x

3, respectively. Explicitly, Q can be expressed as follows:

(g0 \
ql
15 g2 0
a3
Q= q4
g5
gb
20 0 q78
q
\ a9 )
25 In this way, by minimizing the evaluation function J,

the gain optimal matrix K’ is to be determined to neutralize
or nullify all the elements of the condition quantity x’' as
fast as possible using the smallest controlling quantity.

Here, the optimal allocation of tasks to the transverse

30 trolley-and-the sheave blocks should be determined in oxder

to aehieve optimal control of sway damping. This depehds on
the setup of the weighing matrix Q appearing in the above
equation [11].

Sway of the hoisted load-piece 23 during the transverse

35 travel qualitatively comprises a large transverse swinging



enbodineht, the condition quantity vector x obtained fromthe detectors 31
through 38 and 40 is nmultiplied by the node transforning_nntrix [err] to

produce a new condition quantity 20 vector x' in whic
swi ngi ng conponent and the skew sw ngi nggconponent are s;xﬂﬁxﬂéﬁméﬁFgﬁﬁﬁg

new y produced vector x' is multiplied-by—the optinal ga rbége__.tg).qoggp.@s&n
optimal controlling quantlty vector u. As to the danpi ngleperati 0N "1

optim zing control unit 72 is 25 constructed such that the transverse
SW ngi ng conponent is

motion, generated due to the inertial of the hoisted load-
piece 23 when it is accelerated o£ retarded and a skew
swinging motion relatively smaller than the transverse
swinging motion, generated due to the eccentricity etc., of
5 the hoisted load-piece 23. 1In ord;r to damp the relative

large transverse s&inging motion, optimal control of sway
damping by the transverse trolley 11 should be used since the:
movement of the sheave blocks 14, 15.is limited“within a
short stroke on the transverse trolley 11 and therefore can

10 not deal with the iarQe swinging motion. On the other hand,
in order to daﬁb théfékew swinging motion, optimal control of
sway damping by the sheave blocks 14 and 15 should be applied
since the skew sway is relatively small and fhe movement of
the transverse trolley 11 can not deal with this kind of

15 motion, theoretically.

This allocation of tasks can be achieved by édjusting
elements of the weighing matrix Q, specifically, g2, q3, g4
and g5 as follows: -

The elements'qz and q3 are the weighing coefficients of

20 the transverse movemént component for the sheave blocks 14,
15, and if these elements are taken'large, the trahsverse
motion of the:sheave blocks 14 and 15 required for damping
transverse sﬁinging motion will be limited. Therefore, only _-
the trolley 11 will contribute to controlling the damping

25 operation of transverse swinging motion.



34 danped by the drive of the transverse trolley 11 while the skew sw nging
conmpaonent is danped by the drive of ‘the sheave bl ocks 14 and 15. In the
prior art system it was very difficult for the operator

to control the 5 transverse trolley ]éloand/or t he she @ﬁﬁlda&ﬁ'em-s,.]%r
but it is possible for this enbodinment tQ fix the conventjj gnal

this kind. Further, it is possible to elininate the diffiltiaiares qhoﬁﬁ]ﬁaﬁ
operating-condition classifying determi nation and the 10
control in the conventional configuration by determ.ning the operatlng
condition of the transverse trolley

The elements g4 and g5 are the weighing coefficients of
the skew movément component for the sheave blocks 14, 15, and
if these elements are taken small, the movement of the sheave
blocks 14 and 15 required for damping skew swinging mbtion

5 can be secured within the stroke ;anges of the sheave blocks
14 and 15. Further, since the transverse trolley 11 cannot
contribute to the ske# movement theoretically, only the
sheave blocks will effectively control the damping operation
of skew swinging motion.

10 3) Next, with x = T x x substituted in the above
equation [12]7'themféilowing equation [13] can be obtained.
This allows the system to obtain an optiﬁal gain K = K’ x rrl
for the feed-back condition quantity x.

u=K xTlxx=Kxx eee.[13]

15 . The optimal gain thus obtained by the above calculation
is set up as an optimal gain part K.
(2) Then, in the same manner as in the first embodiment,
the moving condition guantities and the transverse notch-
driviﬁg control quantity detected by the detectors 31 through

20 38 -and 40 are oﬁtputted-to the controller 61.
(3) From the moving condition quantities and transverse
notch-driving control quantity inputted, the controller 61
makes the optimizing control unit 63 effect the calculation
of sway-damping optimizing control based on the

25 aforementioned equation [1] to determine the velocity command



11 by the operating condition determning unit 52, allow ng the
oper ati ng-condi tion-classifying optinal-gain selectlng unit 53 to select an
i ndi vi dual optimal gain K fer each node 15 sel ect ed f [posmcthe
foll ow ng node, the target- position repching node and t :

operating condition of the transverse trolley 11, and
control unit 72 effect optinmal control of damping 20 e
sel ected optinmal gain K. As has been described in detail referrlng to the
enbodi nents, the first feature of the swaying hoisted | oad- piece danping

control apparaﬁgsf8£ EHS e£§ﬁggérggvgf£ifg&ifﬁ and velocity commands ul and

u2 for respective (left and right) sheave blocks 14 and 15.

(4) The optimizing contfol unit 63, based on the optimal
gain K, calculates optimal controlling quantities in
5 conformity with the moving condition quantities and operating
condition detected by the detectors 31 through 38 and 40 and
outputs the obtained optimal controlling quantities as
control command signals for velocity commands u0, ul qnd u2
to the drivers 17, 18 and 19 for the transverse trolley 11
10 and the two (left and right) sheave blocks 14 and 15, whereby
the hoisted load-piéce 23 is optimally controlled to stop
swinging.
Thus, with the controller 61 illustrated in the third
embodiment, the condition quantity vector x obtained from the
15 detectors 31 through 38 and 40 is multiplied by the mode

1 ¢o produce a new condition'quantity

transforming matrix T
vector x’ in which the transverse swinging component and the
skew swinging component are separated. The thus newly
produced vector k' is multiplied by the optimal gain K’ to
20 obtain optimal controlling quantity vector u. . As to.the
damping operation; the optimizing_contfol unit 63 is
constructed such that the transverse swinging component is
damped by the drive of the transverse trolley 11 while the

skew swinging component is damped by the drive of the sheave

25 blocks 14 and 15. 1In the prior art system, it was very



equi pped with a transverse trolley having a pair of sheave 25 bl ocks

whi ch are di sposed on both sides of the transverse troll ey and novabl e
relative to the transverse trolley and further conpri segm==gi-fferont kinds
of detectors such as for detecting novifg condition quafit REPEACEMENT SHEET
transverse trolley, detecting noving candition quantiti
left sides of the | oad-piece and detecting noving condi
the right and | eft sheave bl ocks; a transverse notch-dr
gquantity detector provided on an '

difficult for the operator to designate how to control the
transverse trolley 11 and/or the sheave blocks 14, 15, but it
is possible fér this embodiment to solve the conventional
problem of this kind.

5 Fig.5 shows a control blockzrepresenting a fourth
embodiment of a swaying hoisted loéd—pieqe damping control
apparatus of the présent invention.

As shown in Fig.5, a controller 71 of this embodiment
is has combined features of the controllers 51 énd 62

10 described in the second and third embodiments.

Specific¢ally, in the controller 71, an optimizing
control unit 72, as receiving detection signals from the
detectors 31 through 38 and 40, sets up optimal controlling
qualities always referring to an optimal gain K which is

15 determined according to both the operating condition and
swinging modes (i.e., the transverse swinging motion and the
skew swinging motion) as executed in the cqntrollers 51 and
61 of the second and third embodimen;s.- with the thus
determined optimal controlling quantities, the controller 71

20 effects sway-damping control.

Now, description wili be made on a specific sway-
damping procéss effected by the controller 7i-of this
embodiment. | |
(1) Iﬂ the same manner as in the above-described third

25 embodiment, the optimal-gain calcuiating unit 62 for



operation controlling panel; and a controller for effecting sway-danping
control of a |oad-piece h0|st|ng devi ce based on 10 detection si
obtai'ned fromthe detectors, and is constructed such that
has an optim zing control unit which segg up optimal cont dﬂERk&?

and notch-driving control quantity detected from 15 t h¢l Deteeetors Hh —— 1
the basis of a preset optimal gain for sway danpi ng, and
sway- danpj ng control by driving the transverse trolley and the sheave
bl ocks by the setup optimal controlling quantities. Therefore, it is

possible to eshablbalef2ly SUREIATMRIRY teaRLvaksef sivag Baustkewl sadypi ece

derives the aforementioned state equation [10]. Then,
optimal gains X;, K, and K, are determined in the same manner
as described in the second embodiment, so that the
5 aforementioned three evaluation fuﬁctions Jl,éy and J3 shown

in [8] may be minimized. Here, weighing matrices Q;, Q and
Q; use those shown in the second embodiment. As to Q; and Qz,:
Qe 930 G and g should be.adjusted as shown in the third
embodiment, so that the optimal gains K; and K, shogld allow -

10 independent control operations, that is, control of the
trolley 11 forffransﬁérse sway and control of the sheave
blocks 14, 15 for skew sway can be done independently.
(2) As the following procedures are effected in thelsame
manner as in the second embodiment, the détailed descriptipn

15 is omitted. _

Thus, with.the controller_fl illustrated in the fourth
embodiment, the condition quantity vector x obtained from the
detectors 31 through 38 and 40 is multiplied by the mode
transforming matrix ! to produce a new condition quéntity

20 vector #' in which the transverse swinging component and the
skew swinging component aée.separated. The thus newly
produced vectér x’ is multiplied by the optimal gain K’ to
obtain an optimal controlling quantity vector u. As to the
damping operation, the.optimizing control unit 72 is

25 constructed such that the transverse swinging component is



20 I n an assured manner by automating the sway-danping control of the
hoi st ed | oad- pi ece which has been difficult in the prior &

is possible to realize the gptinmal sway-danping control w
sway of the hoisted | oad-piece as fast ag, possible and tq
| oad- pi ece 25 fromswi nging. As a result, the work affaypf
oper at or 36 as well as the tine required for sway dang=eg.
mar kedl y decreased, thereby making it possible to inprove th

damped by the drive of the transverse trolley 11 while the
skew swihgihg component is damped by the drive of the sheave
blocks 14 and 15. 1In the prior art system, it was very
difficult for the operatof to designate how to control the
5 transverse trolley 11 and/or tﬁe éheave blocks 14, 15, but it
is possible for this embodiment to fix the conventional
problem of this kind.
Further, it is possible to eliminate the difficulties
in the operating-condition classifying determination and the
10 operation control in the conventional configuration by
determining the opefating condition of the transverse trolley
lllby the operating condition determining unit 52, allowing
the operating-condition—élassifying optimal-gain selecting
unit 53 to select an individual optimal gain K for each mode
15 selected from the velocity following mode, the target-
position reaching mode and the sway-damping.mode using the
sheave blocks 14 and 15,'in correspondencé with the operating
condition of the.transverse trolley 11, and ﬁaking the
optimiging cdnﬁrol unit 72 effect-optimal control of damping
20 sway based on the selected optimal gain K.
As has been.déScribed in détail reEgrring to the
embodimeﬁts, the first feature of the swﬁying hoisted load-
_ piece damping control apparatus of ﬁhe present invention is
equipped with a transverse trolley having a pair of sheave

25 blocks which are.disposed on both sides of the transverse



conveying efficiency of hoisted | oad-pieces. In accordance with the second
feature of the swaying 5 hoi st ed | oad- pi ece danping control apparatus of
the present invention, the controller conprises: an oper
det erm ni ng. uni t whi ch detects the opergélng condi tion
trolley, based on detected signals of the operating con tlon

and the notch-driving control 10 quantity for the tr E@E#se troJL
oper ati ng-condi tion- classifying .optinmal-gain selecting ani s
accordance with the operating condition detected by the operating condltlon
determning unit, selects an operating-condition- classifying optiml gain

for sway da”péPgilégdaﬁﬁ 88%£ﬂléigglative to the transverse trolley and

&:nn

COHH
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further éomprises: different kinds of detectors such as for
" detecting moving condition gquantities of the transverse
fro;ley, detecting moving aondition quantities on right and
5 left sides of the load-piece and détecting moving condition
-quantitiés of the right and left sheave blocks; a transverse
notch-driving control éuantity detector provided on an
operation controlling panel; and a controller for effecting
sway-damping control of a load-piéce hoisting device based on
10 detection signals qbtained'from the detectors, and is
constructed suéh'thaﬁifhe controller has an optimizing
control unit which sets up optimal controlling quantities for
the hoisted load-piece in accordance with moving condition
quantities and notch-driving control quantity detected from
15 the detectors, on the basis of a preéet optimal gain for sway
damping, and performs sway-damping control by driving the
transverse trolley and the sheave blocks by the setup optimal
controlling quantities. Therefore, it is possible to
establish easy sway-damping control of the hoisted load piece
20 in an aasured mannef by automating the sway-damping control
of the hoisted load—piece'which has been difficult in tha
prior art. Further, it is possible to realize the optimal
sway-damping control which can damp the sway of the hoisted
' load-piece as fast as pbséible and to inhibit the load—piece

25 from swinging. As a result, the work amount of the operator



15 control unit which, based on the optimal gain outputted fromthe

Ok-..n

operating-condition-classifying optimal-gain selecting unit, sets up
optimal controlling quantities for the hoisted | oad-piece

sway- danpi ng control by driving the traggverse trolley an BEEL ﬁ

bl ocks in accordance with 20 - the setsp—~optimal controlffi ng q td T§§EET
Therefore, it beconmes possible to set up an optimal gain Qa

determ ning the operating condition of the trolley as to 'e"
the transverse travel, in a state of retarding travel or in a state o
stoppi ng and requiring sway-danpi ng 25 operation. As a result, it is
possible to Slnple{f'as the time required for sway damplng can be markedly
decreased, thereby making it possible to improve the
conveying efficiency of hoisted load-pieces.

In accordance with the second feature of the swaying

-
. .

5 hoistéd load-piece damping control apparatus of the present
invention, the contfoller_comprises: an operating condition
determining unit which detectg the operating condition of the
transverse trolley, based on detected signals of the
Eperating condition quantities and the notch-driving control

10 quantity for the transverse trolley; an operating-condition-
classifying optfﬁai—déin selécting unit which, in accordance
with the operating condition detected by the operating
condition detefmining unit, selects an operating-condition-
classifying optimal gain for sway damping; and an optimizing

15 control unit which, based on the optimal gain outputted from
the operating-condition-classifying optimal-gain selecting
unit, sets up optimal controlling quantities for the hoisted
load-piece and performs sway-damping control by dfiving the

. transverse trolley and the sheave blocks in accordance with

20 the setup optimal'controlling qﬁantities. Therefore, it
becomes possible to set up an optimal gaiﬁ by surely
determining the operating condition of the trolléy as to be
in a state of the transverse travel, in a state of retarding
travel or in a state of stopping and requiring sway-damping

25 operation. As a result, it is possible to simplify the



37 determ nation of the operating condition and its operating control. In

accordance with the third feature of the swaying hoisted | oad-piece danping
control apparatus of the present 5 i nvention, the contr
an independently controlling optimal-gaB calculatlng uni t
I ndependent opti mal

t he hoi sted | oad- pi ece, independently one fromthe other %mtpu{s

cal cul ated optimal gains; and an

10

15

20

25

vﬁﬁmw'msasw
gai ns used to control~transverse smay nd skegv DFE i

i
i

determination of the operating condition and its operating
control. | | |

In accordance with the third feature of the swaying
hoisted load-piece damping control apparatus of the presént'
invention, the controller comprise€s: an independently

controlling optimal-gain calculating unit which calculates

independent optimal gains used to control transverse sway and’

skew sway of the hoisted load-piece, independently one from
the other and outputs. the calculated optimal gains; and an
optimizing control unit for effecting sway-damping control

which, based on the optimal gains-outpufted from the

indepenﬁently controlling optimal-gain calculating unit, sets

up optimal controlling quantities for hoisted load-piece and

effects sway-damping control by driving the transverse

trolley to damp transverse sway'of the load-piece and driving

the right and left sheave bloéks to damp skew sway of the
load-piece. Therefore, it becoﬁes possible to damp and
inhibit the transverse sway and skew sway of the hoisted
load-piece separately one from the other, and consequently,
it is péssible to. establish prope;-control of driving the
transverse trolley.and sheéve blocks in order to effect
optimal 5way—daﬁping.

In accordance with the fourth feature of the swaying

hoisted'load-piece damping control apparatus of the present

invention, the controller comprises: an independently



10 optim zing control unit for effecting sway-danpi ng control which,
based on the optimal gains outputted fromthe independently controlling
optinmal -gain calculating unit, sets up optimal controlling quantities for
hoi st ed | oad- pi ece and effects sway-danpigng control by drfV

transverse 15 trolley to danp transyerse sway of the | fﬁ%ﬁ%"%’ﬁfﬂ‘éﬂ
driving the right and |eft sheave bl ocks to danp skew swa [%ﬁ t 1006

| oad- pi ece. Therefore, it becones possible to danp and i nju N -
transverse sway and skew sway of the hoisted | oad-pi ece separately one from
t he ot her, and consequently, 20 It is possible to establish proper

control of driyino-sies i BPUaESE-d4 ot | G QNG SHRAM Y QalitH Rl ted

ef f ect

independent optimal gains used to control transverse sway and
skew sway of the hoisted load-piece; independentiy one from
the other and outputs the calculated optimal gains; an

5 operating condition determining unit which detects the
operating condition of the transverse trolley, based on
detected signals of the operating condition quantities and
the notch—driving control quantity for the transverse
trolley; an operating-condition-classifying optimal-gain

10 selecting unit which, in accordance with the operating

| condition deted¢ted by the operating condition determining

unit, selects a preset operating-condition-classifying
optimal gain or an operating-condition-classifying optimal
gain set up by the independently controlling optimal-gain

15 calculating unit and outputs the selected gain; and an
optimizing control unit which, based on the pptimal gain
outputted from the operating—condition-ciassifying optimal-
gain selecting unit, sets up optimal controliing quantities
for the hoisted load-piece and performs sway-damping control

20 by driving the transverse trolley and the sheave blocks in
accordance with the setup 6ptimal controlling quantities.
Therefore,-it becomes possible to set up an optimal gain in
accordance with the operating condition of the transverse
trolley and the swinging condition of the hbisted load-piece.

25 As a result, it is possible_to simplify the determination of



opti mal sway-danping. In accordance with the fourth feature of the swaying
hoi st ed | oad- pi ece danpi ng control apparatus of the present 25

i-nvention, the controller conprises: an independently B
REPLAGEMENE i SHEET

optimal -gain cal cul ating unit which cal cul ates i ndepende

used to control transverse sway and skew 3%ay of the hoi dfed | hec

i ndependently one fromthe ot her. and outtts the cal cul at @aﬁpaﬁgghtgaﬁES&
an '

———

the operating condition and its operating control. Further,
it is possible to establish proper control of driving the
transverse trolley and sheave blocks in order to effect

optimal sway-damping.



5 operating condition determining unit which detects the operating
condition of the transverse trolley, based on detected signals of the
operating condition quantities-and the notch-driving contrig =S
the transverse trolley; an operating-condition-classifying BFPLAGEMERTS
selecting unit which, in accordance withthe operating co ditionoqgt cte
by the. operating condition determining unit, selects a pr{s@ate:, 3 U QI Eﬂs 2
operating-condition-classifying optimal gain or an ‘“‘~——-—-~_;;_M;;j
operating-condition-classifying optinmal gain set up by the independently
controlling optimal-gain 15 calculating unit and outputs the selected
gai n; and an q@}ir@&ifﬁbcontrol unit which, based on the optimal gain

(1) A swaying hoisted load-piece damping control apparatus
for use in a load-piece hoisting device having a transverse
trolley'for hoisting a load-piece, and a pair of, or right
and left, sheave blocks which are ﬁisposed along moving
directions of said’transverse trolley in parallel with the
sides of said transverse trolley and movable relative to_said:
transverse trolley, comprising:

trolley moving condition quantity detectors for
detecting moving condition_quantities of said transverse
trolley; | )

hoisted load-piece moving condition quantity detectors
for detecting moving condition quantities on right and left
sides-of the load-piece hoisted by said transverse trolley;

sheave-block moving condition quantity detectors for
detecting mo#ihg condition quantities of said right and left
sheave blocks;

a notch-driving.control quantity detector for detecting
transverse notch-driving control quantity of said trolley
controlied by means of an operation éontrolling panel; and

a controller for effecting sway-damping control of said
load-piece hoisting device based on detection signals
obtained from said detectbrs,'

" characterized iﬂ that said controller has an optimizing

control unit which sets up optimal controlling quantities for

AR



outputted fromthe operating-condition-classifying optimal- gain selecting
unit, sets up optimal controlling quantities for the hoisted | oad-piece and
performs sway-danping contrel 20 by driving the transy uuuc arret
the sheave bl ocks in accordance with theggetup optinal cmf‘é&*#%m SHEET '
gquantities. Therefore, it becones p055|ble to set up an ét ﬁ
accordance with the operating condition of the transvers griev ranc- ﬂi
swi ngi ng condition of the hoisted | oad-piece. 25 As a result, TT 15
possible to sinplify thg determ nation of

the hoisted load-piece in accordance with moving condition
quantities and notch—driving control quantity detected from
said detectors, on.thé basis of a preset optimal gain for
sway damping, and performs sway-damping control by driving
said transverse trolley and said gheave blocks in accoidance
with the setup optimal controlling quantities.

2. A swaying hoisted load-piece damping control apparatus
according to Claim 1 wherein said controller comprises: an
operating condition determining unit which defects the
operating condition of said tfansverse trolley, based on
detected signaIs_of'fhe operating condition guantities and
the notch-driving control quantity for said transverse
trolley; an operating-condition-classifying optimal-gain
selecting unit which, in accordance with the operating
condition detected by éaid operating condition determining
unit, selects an operating-condition-classifying optimal gain
for sway damping from a plurality of predetermined optimal
gains; and an optimizing control unit which, based on the
optimal gain outputted from said operating-condition-
classifying optimal-gain éelecting unit, seéé up optimal
controlling quantities'for.the hoisted load-piece and
performs sway-damping control by driving said transverse
trolley andlsaid sheave blocks in accordance with the setup
optimal controlling quantities. |

3. A swaying hoisted load-piece damping control appératus

AR



REPLACEMENT SHEET 39 the operating condition and its operating control.
Further, it is possible to establish proper control of driving the
transverse trolley and sheave blocks in order to effect optimal

sway- danpi ng. 5 40 6. CLAIMB 42 EPLAGEMENT SHEET

ey

according to Claim 1 wherein said controller comprises: an
independently controlling optimal-gain calculating unit which
calculates independent optimal gains used to control
transvérse sway and'skew sway of the hoisted load-piece,
independently one from the other and outputs the calculated

~optimal gains; and- an optimizing éontrol unit for effecting
sway-damping control which, based on the optimal gains
outputted from said independently controlling optimal-gain
calculating unit, sets up optimal controlling quantities for
hoisted load-piece and performs‘sway-damping control by
dfiving said ﬁfansvéfge trolley to damp transverse sway of
the load-piece and‘driving said right and left sheave blocks
to damp skew sway of the load-piece.

4. A swayihg hoiéted load-piece damping control apparatus
according to Claim 1 wherein said controller comprises: an
independently controlling optimal-gain calcqlating-unif which
éalculates-independent optimal gains used to control
'transverse sway and skew sway of the hoisted load-piece,
independently one from the other and outputs the calculated
optimal-gains; an operating condition determining unit which
detects. the operating condition of said transverse trolley,.
based on detected signals'of the operating cohdition
'quantities and the notch-driving control quantity for sai&
transverse trolley; an operating-condition-classifying

optimal-gain selecting unit which, in accordance with the

RRT R



(1) A swayi ng hoi sted | oad-pi.ece danping control- apparatus for use in a
| oad-.pi ece hoi sting device having a transverse trolley for hoisting a

| oad- pi ece, and a pair of, @r right and left, sheave bl s Wwhich are

di sposed al ong novi ng directions of saigdstransverse trollf arre
with the sides of said transverse troILgi_and novabl e r Iﬁﬁai cﬁgégﬁﬁﬂEET
transverse trolley, conprising: trolley noving conditio B&gnt Ut&ﬂﬁtﬂgsor
for detecting nmoving condition quantities of said transyelsa trglhiayy- .
hoi sted | oad- pi ece noving condition quantity detectors for detecting noving
condition quantities on.right and | eft

operating condition detected by said operating condition

SIS

determining unit, selects a preset ope;atingfcondition-
classifying optimal gain or an operating-condition-
classifying optimal gain set up by said independently
controlling optimal-gain calculating unit and outputs the
selected gain; and an optimizing control unit which, based on
the optimal gain outputted from said operating-condition-
classifying optimal—géin selecting unit, sets up optimal
controlling quantities for the hoisted load-piece and
performs sway-damping control by driving said transverse
trolley and said sheave in accordance with the setup optimal

controlling quantities.

T
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sides of the | oad-piece hoisted by said transverse trolley; sheave-bl ock
noving condition quantity detectors for detecting noving condition

guantities of said right and | eft sheave bl ocks; a notch-driving control
quantity detector for detecting transvejge not ch- drivingf =
of said trolley controlled by neans of _an_operation cont!gﬂﬁPth$MﬁuTSHEEﬂ

a controller for effecting sway-danping control of said I Oad"p'[FZegﬁ'f’ @és ngl
devi ce based on detection signals obtained fromsaid detécPaes, .0 R0l N

characterized in that said controller has an opt|n12|ng COTtTof —umrt vﬁﬁ?ﬁFﬂ
sets up optimal controlling quantities for
7. ABSTRACT heet Has Been Replaced

HII\I\\ M

A SWAYING HOISTED LOAD-PIECE DAMPING CONTROL APPARATUS

A pair of sheave blocks 14, 15 which is movable
relative to a transverse trolley 11 are disposed on both
(right and left) sides of a transverse trolley 1l. Detectors
31 through 38 are provided which détect the moving condition
quantity of the transverse trolley 11, the moving condition
quantities of a hoisted load-piece 23 on both (right and
left) sides and the moving condition quantities of the two
sheave blocks 14, 15 while a transverse notch-driving control
guantity detector 40 is provided on an operation control
panel 39 for the transverse troliey 11. A controller is
provided which effects sway-damping control of the load-piece
hoisting device based on detection sigﬂhls obtained from'the
detectors 31-through 38 and 40, and an optimiiing control
unit performs sway-damping control with optimal controlling
quantities on the basis of a preset optimal gain K in
accordance with the moving condition quantitieé and the

" notch-driving control quantity.



41 the hoisted | oad-piece in accordance with noving condition quantities
and netch-driving control quantity detected from said detectors, on the
basis of a preset optimal gain for sway danpi ng, and pe sway- danpi ng

control by driving said transverse trolley and sai d shegvgesl - .
accordance with the setup optimal controlling quantitief§. 2. B
hoi st ed | oad- pi ece danpi ng control appardt/ifs according (Dag...ai%l

said controller conprises: an —_— T e el
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of said transverse trolley, based on detected signals of
condition quantities and the notch-driving control -quanti
transverse trolley; an operating-conditiaon-classifying opfijml.-&atmubl 999 1
selecting unit which, in accordance_mﬁthzﬂﬁe operating copdiiign dafect !

by said operating condition determning unit, selects an -
operating-condition-classifying optinmal gain for sway danping KDOW]%S
plurality of predeterm ned optinmal gains; and an optim zing contapl,Onit
whi ch, based on the optinmal gain outputted from said operating-co ia§(n-
ctassifying optinmal-gain selecting unit, sets up optinal A=
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4 3 operatl ng condition detected by said operating condition determ ning
unit,”selects a preset operating-condition- classifying Ot T e gk 7
operatl ng-condi tion- classifying optimal gain set up by sﬁfﬂ'—ﬂ@i
controlling optimal-gain calculating unit and outputs th el e

and an optim zing control unit which, bgged on the opting Btﬁ gom%ﬂ%ﬂ

- fromsaid operating-condition- classify-hRg—optinal-gain sel eCTTIg=

sets up optimal controlling quantities for the hoisted | oad-pi ece and
performs sway-danpi ng control by driving said transverse
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.‘e‘ . t. ﬁ .
troll ey and said sheave in accordance with the setup optimal controlling

quantTties. _
REPLACEMENT SHEET*I,

77 |l Date:.0.4.0CT 1995 |

L’__ - L. 23



