SUSPENDED LQAD VI BRATI ON PREVENTI NG APPARATUS BACKGROUND OF THE | NVENTI ON
1. Field of the Invention The present invention relates to a vibration
preventing apparatus for suspended | oads i'on cont ai ner cranes or the like.
2. Description of the Prior Art Fig. 4 shows a vibration preventing
apparat us for suspe§gSPENDEIP LOAD? VIBRATTONCPREVERTINGAPPARATES | n Fig. 4,
reference nuneral 1 denotes a structural body of the crane, reference
nuneral 2 denotes a troll ey BAGRGROUNIY ORITHE TNVENTION he structural body
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to be delivered. First of all, an explanation wll be nade as to the
vibration of the, speserisciowdt the Phfof Iy Where the trolley 2 is noved
| aterally or horizontally fromleft to right in the condition shown in Fig.
4, when the troFligy 2 skows eekibaaedont presenting apparatus ifornBusgehdelihe
| eft side of Fig. 4 by an inertia force. Then, after the trolley 2 has been
noved t hr okghda pnecetcanverddomiadt avond aiwmiesn axdene.r dir Fig. | 4, deefbrenced,
t he suspended load 6 is swng forwardly at the right side in Fig. 4 by the
inertia fopveegalikdepptegcr etrpratusnl dfodhef iy erane, |xafierenCrpumeral
conventional  vibration greventi ng agEar at us ccl)!g?es wi th the problem.of the
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on a suspegse loenfé ggld z?iglgt Ei (z:%g*rllzliégdir? ¥'ig. 4), reference numeral 3 denotes

a trolley drive device for horizontally driving the trolley 2,
reference numeral 4 denotes drive ropes fof tugging the trolley 2,
reference numeral 5 denotes a horizontal drum rotated by the
trolley drive device 3 for winding the drive rope 4, and reference
numeral 6 denotes a suspended load to be delivered.

First of al_l, an explanation will be made as to the vibration
of the suspended load. In the case where the trolley 2 is méved
laterally or horizontally from left to right in the condition shown
in Fig. 4, when the trolley 2 is accelerated, the suspended load 6
is moved to the left side of Fig. 4 by an inertia force. Then, after
the trolley 2 has been moved through a predetermined distance, when
the trolley 2 is decelerated, the suspended load 6 is swung
forwardly at the right side in Fig. 4 by the inertia force unlike
the acceleration of the suspended load 6.

The conventional vibration preventing apparatus copes with
the problem of the vibration of the suspended load 6 as follows. A

moving position of a mark 8 on a suspension tool 7 is recognized by



2 an image sensor 9 nounted on a bottom surface of the trolley 2 so that a
vi‘lbratory shift and a vibratory velocity of the suspended |oad 6 are
det-ected. The position and the velocity of the trolley 2 are detected by a
trolley position sensor 10 and a trolley2velocity detector 11 provided in
the trol | egndimage densor 9. médontéd aarmebotton subface Of fheatwodiley 2 so
(vibratory shift and vibratory velocity) of the suspended | oad 6 thus
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t he trollei: hori zontal novenent are input into a controller 12. On the
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vi bration preventi ng appar at us, ey velocity 1s calcul at ec
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trolley horizontal novenent so that the vibration preventing control of the
suspended pardindtdrs ¢arblaeyopdsitivie\edid tHOEl ey ivelvritiyy i tite ailledy f or
the vibration of the structural body 1, generated in accordance with the
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these motion parameters, the trolley velocity is calculated and a

trolley velocity command is output to the trolley drive device 3.

As. a result, the trolley drive device 3 is driven in
accordance with the trolley velocity command, so that the vibration
preventing control is carried out for the suspended load 6. Fig. 5
is a block diagram showing a process. for these steps. -

As described above, in the conventional suspended load
vibration preventing apparatus, the trolley velocity is calculated
from the suspended load vibratory motion parameters and tﬁe motion
parameters of the troliey horizontal movement so that the vibration
preventing control of the suspended load 6 is carried out. However,
there is no vibration control for the vibration of the structural
body 1, generated in accordance with the horizontal movement of the
trolley 2.

The lateral movement of the trolley 2 also causes the
structural body 1 to vibrate in addition to the vibration of the
suspended load 6. The vibration of the structural body 1 will be
explained. In the case where the trolley 2 is moved from left to

right, the trolley drive device 3 tugs the trolley 2 in the right



structural body 1 to vibrate in addition to the vibration of the suspended
| oad 6. The vibration of the structural body 1 wll be explained. In the
case where the trolley 2 is noved fromleft to right, the trolley drive
device 3 tugs the trolley 2 in the right3 direction by driving the

hori zont ajiged®iéni Byt Bei¢ihgCthenhbpivbhellt Geuslr 5Venr ehesdirsceivnund.
Then, a tension of each drive rope 4 on the right side is increased by the
inertia fehtdehothéhdriveltapes dvarehwbends Tbes| op.tedsidre off leachhdndiyet he
tension of the drive rope 4 on the left side is kept constant by each rope
t ensi oner repe £on tthies rightoaide tsermqmaaefd‘ byethe irerxfeim farge bét then
the right and |left sides of the drive ge 4. This tension difference is
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difference is generated on the opposite side to that generated during the

accel er at strnuaturas dodyed dbotens&y tdieahHecmightt dnfthe dvigh tehsion side
and is twisted to the right. As a result, a natural frequency of the
structural body 1 is excited to generate the vibration.

Then, in the case where the trolley 2 is stopped, the
rotational speed of the horizontal drum 5 is decreased. However,
since the trolley 2 tends to continue the horizontal 'movement in
the right direction by the inertia force, the tension of the drive
rope 4 on the right side is decreased. On the other hand, the
tension of the drive rope 4 on the left side is kept constant by ‘the
roﬁe tensioner 13. For this reason, a tension difference is
generated on the opposite side to that generated during the
acceleration as described above. By the tension difference, the
structural body 1 is tugged on the left side where the tension is
stronger. The body 1 is twisted in the left side. A natural
frequency of the structural body 1 is excited to generate the
vibration.

As described above, 1in the conventional suspended 1load
vibration preventing apparatus, since the vibration control is not

effected to <the vibration of the structural body 1, the



stfuctural body 1 is tugged on the left side where the tension is stronger.
The body 1 is twisted in the |eft side. A natural frequency of the
structural body 1 is excited to generate the vibration. As descri bed above,
in the conventional suspended | oad vibr afti on preventing apparatus, since
the vi br atdgiy&iiddll appaehtabf 6t fdrd Exldie thibbtal iowimd privdbigmsuct ur al
body 1, the conventi onal apparatus suffers fromthe foll ow ng problens:
(1) The nat ur al{ Iy eREeEGr@AICEfe@iendPpEgtilerndiribbation wi thalstraditukals
short so that vibratory shift is small but the acceleration is |arge. Thus,
t he driverbady t he is olsheyti sso nghassedibwatormn shdfti sisicsoa}lf et nghe( 2)
At sone timng of t he hori zontal accel erati on/ decel eration of the
troll ey 2acdedenationiie l@rgehcThus udihgrdrivern et thefgolieydis Aopsegsed v,
there is a problemin a view of the fatigue strength of the structural
body. SUVWEth ep YREatIRERATAIY A&&diddngly, in view of the above-noted
defects inherent_in the conventional  apparatus, according to.the present
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SUMMARY OF THE INVENTION

Accordingly, in view of the above-noted defects inherent in
the conventional apparatus, according to the present invention,
there is provided a suspended load vibration preventing apparatus
for simultaneously controlling prevention of vibration of a
suspended load and suppression of vibration of a structural body in
a container crane or the like.

In a suspended load vibration preventing apparatus in which
a trolley is horizontally moved by a trolley drive device provi&ed
on a crane, a sﬁspended load suspended by ropes suspended from the
trolley, and the trolley is moved for delivery of the suspended
load, the suspended load vibration preventing apparatus is
cCharacterized by comprising:

a trolley detector for detecting motion parameters of. a
trolley horizontal movement;

an image sensor for detecting motion parameters of vibration
of the suspended load;

a structural body vibration detector for detecting motion

parameters of vibration of a crane structural body; and



on'a crane, a suspended | oad suspended by ropes suspended fromthe trolley,
and the trolley is noved for delivery of the suspended | oad, the suspended
| oad vi bration preventing apparatus is characterized by conprising: a

troll ey detector for detecting notion paﬁarreters of a trolley horizontal
movement; an i NR&HERIAer 8br $al12411a49 ngDA 11X NP UBLEEEL Py bBESEERACES

t he suspended | oad; a structural body vibration detector for detecting
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controller for calculating a trolley velocity in accordance with detection
si gnal s fr amit bRet strueyuxiel dxidy ,vitbdrationgdetector and fhe eutputtiag &ody
vi bration detector and for outputting a velocity command to the trolley
drive devi veloZThtyteammand dor theorrdloiexidrdye dgvine-noti on paraneters of

the trolley horizontal novenment conprises a trolley position detector for
detecting a posThecFretlendeatestrry fanlatesbirg themabicy parapeters R
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nmeter, a veloclt nferential device an
A vibratory shift of the suspended load and a vibratory

velocity of the suspended load are detected by the image sensor for
detecting the motion parameters of vibration of the suspended load.

The structural body vibration detector for detecting the
motion parameters of the crane structural body comprises an
acceleration meter, a velocity inferential device and a shift
inferential device for detecting a velocity of the structural body
and a shift of the structural body.

With such a suspended load vibration preventing apparatus
according to thé present invention, the motion parameters (troiley
position and trolley velocity) of the trolley horizontal movement
are detected by the trolley detector (trolley position detector and
trolley velocity detector), the motion parameters (vibratory shift
and vibratory velocity) of vibration of the suspended load are
detected by an image sensor, and furthermore, the motion parameters
(shift and velocity of the structural body) of vibration of the
crane structural body are detected by the structural body vibration
detector (acceleration meter, velocity inferential device and
shift inferential device). The controller receives the motion

parameters detected by the detectors, calculates the optimum



inferential device for detecting a velocity of the structural body and a
shift of the structural body. Wth such a suspended | oad vibration
preventing apparatus according to the present invention, the notion
paranmeters (trolley position and trolley®velocity) of the trolley
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detector and trolley velocity detector), the notion paraneters (vibratory
shift and théreebogl vyl conmand of Ay i dreeswit of thédetmiklan diniveoadeeiae is
detected by an i mage sensor, and furthernore, the notion paraneters (shift
and vel ocidyivgnt hn sccordange Midp) WHre trebievnndsivensopmand Fnodcithen
body are detected by the structural body vibration detector (acceleration
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possi ble to deliver the suspended load to a desired position in a stable
manner undgqipgrsgedi tion that the vibration of the suspended | oad and the
vi bration of the structural body be suppressed. BRI EF DESCRI PTI ON OF THE

DRAW NGS | n t he acconpanyBRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

Fig. 1 is a perspective schematic view of a suspended load
vibration preven‘l;ing apparatus according to one embodiment of the
invention;

Fig. 2 is a process block diagram of the suspended load
vibration preventing apparatus shown in Fig. 1;

Fig. 3 is a process flowchart of the suspended load vibration
preventing apparatus shown in Fig. 1;

Fig. 4 is a perspective schematic view of a conventir;mal
suspende_d ioad vibration preventing apparatus; and

Fig. 5 1s a process block diagram of the suspended load
vibration preventing apparatus shown in Fig. 4.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A suspended load vibration preventing apparatus according to
one embodiment of the invention will now be described with
reference to Figs. 1 to 3. Fig. 1 is a perspective schematic view
showing the suspended 1load vibration preventing apparatus
according to the embodiment of the invention. Fig. 2 is a process

block diagram and Fig. 3 is a process flowchart. Incidentally, in



Fig: 1 is a perspective schematic view of a suspended | oad vibration
preventing apparatus according to one enbodi nent of the invention; Fig. 2

i s-'a process bl ock diagram of the suspended | oad vibration preventing
apparatus shown in Fig. 1; Fig. 3 is a p7ocess fl omchart of the suspended

| oad vi br éadign lpte e nthe gamepne férencd auneiralsi gre Lisedi to dénioteathe same
perspective schematic view of a conventional suspended |oad vibration
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paraneter of the structural body vibration is further detected in
motion parameters are read in the controller for simultaneously
' controlling the prevention of vibration of the suspended load and
the suppression of vibration of the structural body.

In Fig. 1, reference numeral 9 denotes an image sensor
provided on a bottom surface of a trolley 2. The image sensor 9 is
disposed for recognizing a mark 8 provided on a top surface of a
suspension tool 7 to detect a shift and a velocity of vibratioh of
the suspended load. Reference numeral 10 deﬁotes a trolley position
detector for de*t_:ecting the position of the trolley 2. Reference
numeral 11 denotes a trolley velocity detector for detectixig a
velocity of the trolley 2. Both detectors are provided on a trolléy
drive device 3. Reference numeral 20 denotes a structural body
vibration detector for detecting the vibration of the structural
body load disposed on the structural body 1.

As shown in Fig. 2, the structural body vibration detector 20
is composed, in combination, of an acceleration meter 20a, a
velocity inferential device 20b and a shift inferential device 20c.
For instance,- the velocity inferential dewvice 20b and the shift
inferential device 20c are each composed of integrator and a filter

for receiving an acceleration signal from the acceleration meter



addition to the notion paraneter of vibration of the suspended | oad and the
nmoti on parameter of the trolley horizontal novenent. These notion
paranmeters are read in the controller for sinultaneously controlling the
prevention_of vibration of the susp ended8 oad and the sugpres& on of
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denotes a structural body vibration detector for detecting the vibration of

the structef ahebotlyllopand tREOIMILiON baLamétofs Yishi FR0SNA YreldTiTHON tiHe
Fig. 2, the structural body vibration detector 20 is conposed, in
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20b and a shift inferential device 20c. For instance, the velocity
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conposed of integrator and a filter for receiving an accel eration signal
fromthe ®RArQlken@ineter 20a and inferring the velocity and for
inferri ng the shift fromthe inferential velocity. The notion paraneters
(vibratory shi f¥he, PRt kler y21 receives a plurality (six) of detected

signals from the above-described respective detectors. The
controller 21 processes the signals in accordance with the process
block diagram shown in Fig. 2 and the process flowchart shown in
Fig. 3 and outputs the trolley velocity command to simultaneously
perform the suppression of vibration of the suspended load 6 and
the control of vibration of the structural body 1.

Namely, first of all, the controller 21 receives the plurality
{six) of detection signals through a motion parameter input section
22 and' outputs the ‘detection signals to an arithmetic section 23
for the trolley velocity. In the trolley velocity arithmetic
section 23 computes the trolley velocity in accordance with a
calculation formula 1 given as follows. The calculation result is
outputted to an output section 24 for the trolley velocity command.
Then, the output section 24 for the trolley wvelocity command
outputs the trolley velocity command to the trolley drive device 3
to drive the trolley 2.

U= Klexl + k2+v1 + k3¢x2 + K4+v2 + K5+x3 + k6+v3

where u is the trolley velocity command, k1l to k6 are constants, x1



vel ocity) of vibration of the suspended |oad, the notion paraneters
(trolley position and trolley velocity) of the horizontal noverment of the
trolley and the notion paranmeters (shift and velocity of the structural
body) of vibration of the structural bod)?, whi ch have been detected by the
respect i ve dettha gidraterveghdft, tvlt he thatvibratooy vellacidnt x? lier the
receives a plurality isi x) of detected signals fromthe above-descri bed
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cal cul ati oz f papidiby 1 r¢avhesasa f Qbi‘?%- e cabadl atHeONviBesEtiohs drit pHbt ed
to an output section 24 for the trolley velocity command. Then, the output

section 24 sftauctthealrbbdeyl isl sepidly aorarskgad puts the trolley velocity
command to the trolley drive device 3 to drive the trolley 2. u = kl1.xl +
k2.vl + k3.x2 +IrgidentakbyxZXhe k8pp8esbion of ivibratcionabf ehesstouctyral

command, k|l to k6 are constants, xlI

. ' body 1 is carried out by the trolley velocity component calculated
in accordance with "k5.x3 + k6.v3" in the formula above. The
calculation is carried out as follows. For example, when the
structural body 1 is shifted to the left in Fig. 1, the troliey 2is
moved in the right direction so that the rope tension on the right
side is increased and the force in the right direction is applied
to the structural body 1.

As describgd above, ac;::ording to the suspended load vibration
preventing apparatus of the present embodiment, in addition td the
conventional detection of the motion parameters, the xhotion
parameters of vibration of the structural body are detected and
added to the control elements so that it is possible to
simultaneously control the suppression of vibration of the
suspended load and the suppression of vibration of the structural
body in the optimum condition. Accordingly, it is possible to
deliver the suspended load to a desired position in a stable manner
under the condition that the vibrations of the suspended load 6 and

the structural body 1 be suppressed. In addition, it is possible to

reduce a bad feeling of the trolley operator. Also, it is possible



Is the vibratory shift, vl is the vibratory velocity, x2 is the trolley
position, v2 is the trolley velocity, x3 is the structural body shift and
v3-is the structural body velocity. The constants k1l to k6 in the formula
are optimum gai ns such that, for exanpl elOon the basis of the opti mum
control theéwor\praventyianyt advevset béfegtpdodethd ostrctwsralipbddy ¢amiguged,
the trolley 2 rapidly reaches a target |level and the vibration of the
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deliver the suspended load to a desired position in a stable manner under
t he condit the steuctural,ibady ivikbradiionhdedtectondédr| datieGtimg time motion
structural body 1 be suppressed. In addition, it is possible to reduce a
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controller for calculating the trolley velocity in accordance with

the detection signals of the trolley detector, the image sensor and
the structural body vibration detector and outputting the velocity
command to the trolley drive device. It is therefore possible to
simultaneously control the prevention of the suspended load and the
suppression of vibration of the structural body. For this reason,-
it is possible to deliver the suspended load to a desired posii:ion
in a stable manner, and in addition, to reduce the bad feeling of
the trolley operator due to the vibration of the structural body.
Also, it is possible to prevent any adverse affect to the
structural body fatigue strength caused by the amplification of
vibration of the structural body to improve a safety aspect of the
structural body to contribute to the development of the industry.

Various details of the invention may be changed without
departing from its spirit nor its scope. Furthermore, the foregoing
description of the embodiments according to the present invention

is provided for the purpose of illustration only, and not for the



10 to prevent any adverse affect to the structural body fatigue strength
caused by the anplification of vibration of the structural body. As a
result, it is possible to inprove a safety aspect of the structural body.
As descri bed above by way of exanpl e, t he suspended | oad vi bration

pr event i ngparprseofsl tmtbing fhet tnventiogr asrefined bycrthe appesdedecil adns
the trolley detector for detecting the notion paraneters of the trolley
hori zont al 2R RdR equR¥alRag8-sensor for detecting the notion paraneters
of vibration of the suspended |oad, the structural body vibration detector
for detecting the notion paraneters of vibration of the crane structural
body, and the controller for calculating the trolley velocity in accordance
with the detection signals of the trolley detector, the inage sensor and
the structural body vibration detector and outputting the velocity command
to the trolley drive device. It is therefore possible to sinmultaneously
control the prevention of the suspended | oad and the suppressi on of

vi bration of the structural body. For this reason, it is possible to
deliver the suspended load to a desired position in a stable manner, and in
addition, to reduce the bad feeling of the trolley operator due to the '
vi bration of the structural body. Also, it is possible to prevent any
adverse affect to the structural body fatigue strength caused by the
anplification of vibration of the structural body to inprove a safety
aspect of the structural body to contribute to the devel opnent of the
i ndustry.



Various details of the invention may be changed without departing fromits
spirit nor its scope. Furthernore, the foregoing description of the

enbodi ments according to the present invention is provided for the purpose
of illustration only, and not for the 121 purpose of liniting the

i nvention as deNRHRBRWEBYUAIM agpended cl ains and their equival ents. 12
WHAT WE CLAIMIS: 1. A suspended | oad vibration preventing apparatus in
which a troll eyli sA suspended Lpadovibrayion iprdventing appasatys pnowihiichi on

a crane, a suspended | oad suspended by ropes suspended fromthe trolley,
and the traltrslley dskerizenirlly @pyedfby I?e@%i@l‘id@é-“f%é&,"@&i Previdrtided

| oad vi bration preventing apparatus _conprising, a trolley detectar for
det ecti ng ABt3 &7 3P&e a?re?"esrpsewdalia?elsr‘g?ﬂﬂ?‘ggﬂt BPPeR degd, frag the

7St Tuct ur STObERY: VRME AT es, F RGPede fat, PRELRBTY OHE pranBroranend
Vibration ofed or glgest LUEbtala Potllaa 26 B SEIN O bRk HAidNLS

trolley velocity In accor
comprising:

a trolley detector for detecting motion parameters of a
trolley horizontai movement;

an image sensor for detecting motion parameters of vibrat.ion
of the suspended load;

a structural body vibration detector for detecting motion
parameters of vib'ration of a crane structural body; and

a controller for calculating a trolley velocity in accordance
with detection signals from said trolley detector, said image
sensor and said sfructural body wvibration detector and for
outputting a vel_ocity command to the trolley drive device.

2. The suspended load vibration preventing apparé-tus
according to claim 1, wherein said trolley detector for detecting
the motion parameters of the trolley horizontal movement comprises
a trolley positian détector for detecting a position of the tz"olley
and a trolley velocity detector for detecting a velocity of the
trolley.

3. The suspended 1load vibration preventing apparatus
according to claim 1, wherein a vibratory shift of the suspended
load and a vibratory velocity of the suspended load are detected by
said image sensor for detecting the motion parameters of vibration

of the suspended load.

L]



wi.th detection signals fromsaid troll ey detector, said i mnage sensor and
sdid structural body vibration detector and for outputting a velocity
comand to the trolley drive device. 2. The suspended | oad vibration
preventing apparatus according to claim% wherein said trolley detector
for detecting the rthe opuspendeder Joed t Mdbrasiippy boevenhing neDRIXITUS
conprises a trolley position detector for detecting a position of the

trol l ey arRFePEdNd egové’llééf“t W devRerein f spidesdruchyraly hosy tYikratien
trolley. 3, The suspended | oad, vi bration preventing apparatuys according to
Claimy RIS 08 HBPSCEHITL e | RECLEECPRRAPSURRE afid aCbBOrSH

vel ocity of_the suspe | oa re detected sai.d i m sensor_for
detecting §%reucﬁto 1"l%osln ggggmﬁoemg)ﬁ S vi %'r?atﬁcgﬁqétrat%ﬁg s u'%%é%la’edgl o‘éedfocj'tyli?»
4. The sugﬂgﬂggg, d [\ t] I t otdin im1,
wherein sard str L#ij%l}’ g%bgggyél\?‘?bdro g?‘:i ?)?1: %@?%%?‘_3?‘[%?&8&%:? g%gg?%%c?r%% an
par anet er S,dfod s, SEAIe Slruckiral aRA'R'Irae% 8P L skehathen: PR, 2

velocity inferential device and a shift Inferential device for detecti'ng a
velocity of the structural body and a shift of the structural body. 1111111
111111 11111 11111 111111 '
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