DESCRI PTI ON

TI TLE

OSCI LLATI ON M TI GATI ON DEVI CE AND FLOATI NG BODY PROVI DED W TH
SAME

FI ELD
[ 0001]
The present inventionrelates to an oscillation reducing

device to be attachedto afloating structure andto afloating
structure equi pped with the oscillation reducing device.
BACKGROUND
[ 0002]

Floating structures have been extensively used as

floating facilities to be installed on oceans, |akes and
reservoirs, and rivers in recent years. Exanples of such
floatingstructuresincludevarious workingships, drill boats,
oil platfornms, floating piers, floating warehouses, and
fl oati ng parking places. The floating structures, whi ch have
no pol e extendi ng fromthe bottomof water, on one hand, have
an advant age of si npl e constructi ons, and ont he ot her hand have
di sadvantage of susceptible to rolling caused by waves
i npacting the floating structures. Thus, the rolling of the
floating structures should be reduced.

[ 0003]

Rolling of the floating structure is induced by wave
exciting force nonent generated by waves. Si nce common
floating structures do not have sufficient danping to the
rol i ng novenent, they have large rolling anplitudes at a wave
period at and near their own natural periods. A variety of
t echni ques have been proposed for reducing rolling of floating
structures (for exanple, Patent Literatures 1 to 4).

[ 0004]

Patent Literature 1 discloses a floating structure
provided with a plate suspended froma floating structure to
a depth within a distance fromthe bottomof the sea so that
hydrodynami c force acting to the plate increases additiona



mass and vi scous dunping force of the plate and thus reduces
the oscillation of the floating structure.

Patent Literature 2 discloses a floating structure
providedwithatilted pl ate agai nst the propagati ng direction
of waves on the wave-incident side of the floating structure.
Thetiltedplate extends fromthewaterlinenearlytothe bottom
to reduce the oscillation of the floating structure.

[ 0005]

Patent Literature 3 discloses a floating structure
provi ded wit h novabl e vertical plates extendi ng downward from
t he bott omof t he wave-inci dent si de of the floatingstructure
The vertical plates are spaced at intervals so that water can
fl owthrough the spaces. Sloshing of the vertical plates can
reduce the oscillation of the floating structure.

Patent Literature 4 discloses a box floating structure
having agivenratioof thelengthtothew dth and anot her gi ven
ratio of the wwdth to the draft. These ratios are controlled
to |l essen the i npact of the wave force and thus to reduce the
oscillation of the floating structure.

[Citation List]
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[ 0006]
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SUMVARY

TECHNI CAL PROBLEMS

[ 0007]

Unfortunately, the floating structure disclosed in
Patent Literature 1 involves adifficulty inthe installation
of the oscillation reducing device onthe ocean. The floating
structure disclosed in Patent Literature 2 has a bottom side
protruding fromthe waterline of the floating structure. The
protrusi on may hanper berthing of the floating structure at and
near the waterline. The vertical plates of the floating



structure disclosed in Patent Literature 3 nmay work as a
resistive nass to towng of the floating structure. The
floating structures disclosed in Patent Literatures 1 to 3
inevitably require an oscillation reducing device having
i ncreased dinensions. The floating structure disclosed in
Patent Literature 4 has areduced degree of freedomonthe shape.
[ 0008]

An obj ect of the present invention, which has been nade
to sol ve such problens, is to provide an oscillation reducing
devi ce and a fl oating structure equi pped with the oscillation
reduci ng devi ce. The oscill ation reduci ng devi ce has a si nple
structurew thout i ncreasesindinensions, cancertainlyreduce
the oscillation of the floating structure, and can reduce t he
resistancetothetowingof thefloatingstructuretofacilitate
berthing of the floating structure.

SOLUTI ON TO PROBLEMS
[ 0009]

(1) For achieving the object, an oscillation reducing
devi ce of the present invention conprises a plate di sposed at
a bottom corner between a side face and a bottom face of a
floating structure, the pl ate havi ng a base end bei ng separ at ed
fromthe bottomcorner to define a gap, the plate having atip
portion protruding outward fromthe side face of the floating
structure; and a support fixed to the floating structure and
supporting the plate; wherein the upward face of the plate
functions as a guide face to converge water streans generated
by spilling waves and propagating toward the side face and to
gui de the streans to the gap; the downward face of the plate
functions as a resisting face that blocks water streans
gener at ed by an undert owconponent of waves and pr opagat i ng away
fromthe bottomface; and t he support includes an armto which

the plate is fixed and a drive mechani smthat noves the armto
nove t he plate between an operational position bel ow a water
surface and a raised position above the water surface.
[ 0010]

(2) The support should preferably have a retention



mechani sm that holds the plate at one of the operationa
position and the raised position.
[ 0011]

(3) It is preferred that the plate is fixed to a | ower
end of the arm di sposed vertically; and the drive nmechani sm
i ncl udes a rack di sposed on the armal ong an axi al direction,
a drive pinion supported on an upper portion of the floating
structure and engaging with the rack, and a gui de nenber for
shifting the armin the vertical direction, and a notor for
rotating the drive pinion.

[0012]

(4) It is preferred that the armhas a first armsegnent
and a second arm segnent that are strechably fixed, and a
t el escopi ¢ mechani smt hat expands or shrinks between the first
armsegnent and t he second armsegnent; the plate is fixed to
t he | ower end of t he second armsegnent, andt hefirst armsegnent
has a rack; and in the case of shifting the plate to the
operational position, the tel escopic nechanism is operated
until the second ar msegnent i s downwar d expanded fromt he first
armsegnent, and the notor is activated to lower the first arm
segnent .

[ 0013]

(5) It is preferred that the plate is fixed to a dista
end of the arm t he proxi mal end of the armis pivoted to an
upper portionof thefloatingstructure; andthedrive mechani sm
has an actuator that pivots the arm to unbend the armin the
vertical direction until the plate reaches the operational
position or to bend the armuntil the plate reaches the raised
position on the floating structure.

[ 0014]

(6) It is preferredthat the armhas a rock mechani smhas
afirst armsegnment and a second armsegnent fi xed to each ot her
at ajoint i nabendabl e manner, and arock nechani smf or keepi ng
the stretched state of the first armsegnment and the second
arm segnent, the plate is fixed to the distal end of the
second ar msegnent, and t he actuat or i s di sposed at t he proxi nmal



end of the first armsegnent and in the case of shifting the
plate to the operational position, the actuator is operated
until the distal end of the first armsegnment is vertically
unbent at the joint, and the rock mechani smis activatedto fix
the stretched state of the first armsegnent and t he second arm
segnent .

[ 0015]

(7) The gap bet weent he base end of t he pl at e and t he bot t om
corner shoul d preferably have a small size such that the water
streamfl owi ng al ong t he upward face of the plate, through the
gap, and beneat hthe bottomface forns a hi gh-speed | am nar fl ow
in the vicinity of the bottom corner of the bottomface.

[ 0016]

(8) The plate should preferably have a sl opi ng segnent
t hat extends froma nei ghboring regi on of the bottomcorner to
an obl i quely downward region renote fromthe side face of the
floating structure, at the operational position.

[0017]

(9) The plate shoul d preferably have a droopi ng segnent
t hat extends vertically dowward froma bend at the | ower end
of the sloping segnent at the operational position.

[ 0018]

(10) The pl at e shoul d preferably extend al ong the entire
| ongi tudi nal side of the floating structure.
[ 0019]

(11) Afloating structure of the present invention has
a bottomcorner between a side face and a bottomface; wherein
the bottom corner is equipped with at |east one oscillation
reduci ng devi ce descri bed above.

[ 0020]

(12) The at I|east one oscillation reducing device
conprises two oscillation reduci ng devi ces di sposed on the two
side faces, respectively, of the floating structure.
ADVANTAGEQUS EFFECTS
[ 0021]

According to the oscillation reducing device of the




present invention, the plate has an upward face t hat functi ons
as a gui de face to converge wat er streans generated by spilling
waves and propagating toward the side face of the floating
structure and to guide the streans to the gap the base end of
the plate and the bottomcorner. The water streans, as shown
wi th normal arrows, are concentrated and accel erated to t he gap
and propagat e t hrough t he gap and beneat h t he bott omface. The
wat er streans noves at a hi gh speed al ong the bottomface. A
negati ve pressure i s thereby generated bel owthe bottomface
inthe vicinity of the bottomcorner, and the downward force
i mpi nges on t he bottomface of the bottomcorner of the floating
structure. Although spilling waves act to raise the side face
of the floatingstructure, the negative pressure acts to offset
the effect, resultinginareductioninrollingof thefloating
structure due to spilling waves.

[ 0022]

The downward face of the plate functions as a resisting
face that bl ocks the water streans that are generated by the
undert ow of the waves and propagate fromt he bottomface tothe
out si deregi on; hence, thewater streans urgetheresistingface
so that an upward force inpinges on the bottom face of the
floating structure. The region belowthe bottomface in the
vicinity of the bottomcorner i s pressurized. Theurgingforce
by the water streans offsets the force pressurizing the
resisting face, resulting in a reduction in rolling of the
floating structure due to undertow.

[ 0023]

The drive nmechanismfacilitates the installation of the
pl ate at the operational position and the shift of the plate
fromthe operational position to the raised position on the
wat er surface. Since the fin does not act as a resistive nmass
during towing the floating structure, the floating structure
can be snmoot hly t owed wi t hout an i ncrease i n fuel consunpti on.
Al thoughthefinat theoperational positionprotrudes away from
t he side face, the fin 20 can be noved above t he water surface
before berthing. The floating structure can thereby berth



wi t hout trouble.
BRI EF DESCRI PTI ON OF DRAW NGS
[ 0024]
Figure 1 is a perspective view illustrating an
oscillation reduci ng device attached to a floating structure

according to an enbodi nent of the present invention.

Figures 2A to 2D are cross-sectional views of floating
structures illustrating the principle of operation of the
oscillation reducing device according to enbodi nents of the
present invention; Figure 2A illustrates the rolling of a
floati ng structure not equi ppedw ththe apparatus; and Fi gures
2Bto 2Dillustratethe principleof operation of the appar at us.

Figures 3A to 3C illustrate the configuration of the
osci |l l ation reduci ng device accordingto afirst enbodi nent of
the present invention; Figure 3Ais a cross-sectional view of
the floating structure provided wthafin (plate) at araised
position; Figure 3Bis a cross-sectional viewof the floating
structure with the fin at an operational position; and Figure
3C is an enlarged view illustrating the nechanism of the
novenent of the fin.

Figures 4A to 4C illustrate the configuration of the
oscil l ation reduci ng device according to a second enbodi nent
of the present invention; Figure 4Ais a cross-sectional view
of the floating structure provided with fins (plates) at a
rai sed position; Figures 4B and 4C are cross-sectional views
of thefloatingstructuresw thoneof thefinsat anoperati onal

position; and Figure 4D is an enlarged viewillustrating the
mechani sm of the novenent of the fin.
Figures BAto 5Cillustrates the configuration of the

oscil l ation reduci ng device accordingto athird enbodi nent of
the present invention; Figure 5Ais a cross-sectional view of
the floating structure provided with a fin (plate) at an
operational position; Figure 5Bis a cross-sectional view of
the floating structure with the noving fin on the way to the
rai sed position; and Figure 5Cis a cross-sectional viewof the
floating structure with the fin at the raised position.



Figure 6 is a cross-sectional viewillustrating a shape
of the fin (plate) according to enbodi nents of the present
i nvention.

Figure 7 is a cross-sectional view illustrating a
variation of a noving nechani sm according to the first and
second enbodi nents.

DESCRI PTI ON OF EMBODI MENTS

[ 0025]

Enbodi nents of the present invention will now be
described in detail with reference to the acconpanying
dr awi ngs.

In the following description, vertically upward is
referred to as above upward; vertically dowward is referred
to as bel owor downward; the directiontoward the center inthe
wi dth direction of the side face of the floating structure is
referredtoas inside, inner, or i nward; the oppositedirection
away from the center is referred to as outside, outer, or
out war d.

[ 0026]

The foll owi ng enbodi nents are nerely for illustrative
pur poses, and thus shoul d not be construed to excl ude vari ous
nodi fications or variations and application of techni ques not
described in the enbodinents. The follow ng individual
configurations may be varied within the scope of the gist of
the invention, may be selected as need arises, and may be
conbi ned appropriately.

[ 0027]

[ Overview of oscillation reducing device]

Wth reference to Figure 1 and Figure 2 (Figures 2A to
2D), the oscillation reduci ng devi ce accordi ng to enbodi nents
wi Il now be overvi ewed.

Figure 1 is a perspective view a floating structure
equi pped with the oscillation reducing device according to
enbodi nents of the present invention. As shown in Figure 1,
the floating structure 1 has a box shape (substanti ally cuboi d)
havi ng a t op or upper face 2, a bottomor | ower face 3, two side



faces 4,4, and front and back faces 5,5. The side faces 4,4
are each provided with an oscillation reducing device 10inthe
drawing. Alternatively, one of the side faces 4,4 nmay be
provided wth the oscillation reducing device 10.
Al ternatively, either or both the front and back faces 5,5 may
be provided with one or two additional rolling apparatuses 10,
i n conbi nati onwi th one or nore rol | i ng appar at uses on t he si de
face(s) 4.

[ 0028]

As shown Figure 1 and Figures 2Ato 2D, the oscillation
reduci ng device 10 is provided with afin (plate) 20. The fin
20 is fixed with supports (not depicted in Figure 1) connected
tothefloatingstructurel. The fin 20 has a base end(an upper
end) 21 that is disposed at a bottomcorner 6 between a side
face 4 and a bottomface 3 of the floating structure 1 and is
separated fromthe bottomcorner 6 to define agap 7. The tip
portion protrudes outward fromthe side face of the floating
structure 1.

[ 0029]

In enbodi nents, the fin 20 has a sloping segnent 22
ext endi ng froma nei ghboring regi on of the bottomcorner 6 to
an obliquely downward region renote fromthe side face 4 and
a droopi ng segnent 23 extending vertically froma bend at the
tip end of the sl oping segnent 22 at an operati onal position.
[ 0030]

The fin 20 has an upward face 22a (in detail, an upper
out war d f ace of t he sl opi ng segnent 22) that functi ons as a gui de
face t o converge water streans generated by spilling waves and
propagati ng toward t he side face 4 and to guide the streans to
the gap 7.

[ 0031]

The gap 7 shoul d preferably have a small size such that
the water streamflow ng al ong the upward face 22a of the fin
20, through the gap 7, and beneath the bottomface 3 forns a
hi gh-speed laminar flowin the vicinity of the bottomcorner
6 of the bottom face 3.



[ 0032]

The fin 20 has a downward face 22b (in detail, a | ower
i nward face of the sl oping segnent 22) and an i nward face 23b
of the droopi ng segnent 23. The faces 22b and 23b functi on as
resisting faces that block water streans generated by the
under t owconponent of waves and propagati ng away fromt he bott om
face 3.

[ 0033]

In Figure 2A, for exanpl e, when spilling waves attack the
side face 4 fromthe left, the cl ockwi se wave exciting force
nonent ML, shown with a white arrowin Figure 2A, is applied
tothefloatingstructurel. |[Iftheoscillationreducingdevice
10 is not provided, the floating structure 1 would roll or
vibrate laterally.

[ 0034]

In contrast, at the floating structure 1 equi pped with
the oscill ati onreduci ng devi ce 10 as shown Fi gure 2B, t he gui de
face 22a of the fin 20 concentrates the wat er streans gener at ed
by spi |l li ngwaves and propagati ngtowardthe si deface 4toguide
the water streans toward the gap 7 between the base end 21 of
the fin 20 and t he bottomcorner 6, as shown in Figure 2D. The
wat er streans, as shown with normal arrows, are concentrated
and accelerated to the gap 7 and propagate through the gap 7
and beneath the bottomface 3; hence, the water streans noves
inthe formof a high-speed | anm nar fl owal ong t he bottomface
3. Anegative pressure is thereby generated bel owthe bottom
face 3inthevicinity of the bottomcorner 6, and t he downwar d
force F1 i npi nges on the bottomface of the bottomcorner 6 of
the floating structure 1. The force F1 offsets the wave
exciting force nonent ML, resulting in areductioninrolling
of the floating structure 1 due to spilling waves.

[ 0035]

Wthreferenceto Figure 2C, the resisting faces 22b, 23b
of the fin 20 bl ocks the water streans that are generated by
t he undertow of the waves and propagate fromthe bottomface
3 to the outside region; hence, the water streans urge the

10



resi sting faces 22b, 23b, as shown wi th normal arrows, so that
t he regi on bel owt he bottomface 3inthevicinity of the bottom
corner 6 (see Figure 2D) is pressurized. An upward force F2
i npi nges on the bottom face 3 of the floating structure 1.
Al though the undertow generates a counterclockw se wave
exciting force nonent M inthe floating structure 1, the force
F2 offsets the wave exciting force nonment M2, resulting in a
reduction in rolling of the floating structure 1 due to
undert ow.

[ 0036]

Indetail, as showninFigure2D, theoscillationreducing
devi ce 10 concentrates t he wat er streans WF1 caused by spilling
waves and propagating toward the side face 4 at the gui de face
22a of the fin 20, and gui des the streans WF1 t hrough t he gap
7 to a region beneath the bottomface 3 and bl ocks the water
streans WF2 t hr ough t he gap 7 fromt he r egi on beneat h t he bott om
face 3duetotheundertowof waves at theresi stingface 22b, 23b
of the fin 20.

[ 0037]

As descri bed above, theforce Flandtheforce F2 generat ed
by spilling waves and undertow, respectively, of the water
streans of fset the wave exciting force nonents ML and M2 of t he
to reduce rolling of the floating structure 1.

The enbodi ment s descri bed bel oware characteri zedinthat
the floating structure 1 is equipped with an oscillation
reduci ng devi ce having a fin 20 for reducing rolling and t hat
the fin 20 i s novabl e between t he operational position bel ow
the water surface and the raised position above the water
surf ace.

[ 0038]

[ First enbodi nment]

The oscill ation reduci ng devi ce 10A accordingto afirst
enbodi nent of the present inventionw || nowbe descri ed. As
shown i n Fi gures 3Aand 3B, asingleoscillationreducingdevice
10A i s di sposed on one side face 4 of the floating structure
1 and has afin 20 and supports 30Athat arefixedtothefloating

11



structure 1 and support the fin 20. It should be noted that
t he one side face 4 of the nooring floatingstructure 1receives
waves propagating from outer sea and is provided with the
oscillation reducing devi ce 10A.

[ 0039]

As descri bed above, the fin 20 has a sl opi ng segnent 22
t hat extends froma nei ghboring regi on of the bottomcorner 6
to an obliquely downward regi on renote fromthe side face 4 of
the floating structure 1 and a droopi ng segnent 23 t hat ext ends
vertically froma bend at the tip end of the sloping segnent
22 at an operational position.

[ 0040]

The upward face 22a of the sl opi ng segnent 22 of the fin
20 functions as a guide face that concentrates water streans
gener ated by spi |l li ngwaves and propagati ngtowardt he si deface
4 froma renote region of the side face 4 and directs toward
the gap 7 (see Figure 1) while the downward face 22b of the
sl opi ng segnent 22 and the inward face 23b of the drooping
segnent 23 of the fin 20 function as resisting faces that bl ock
wat er streans generat ed by t he undert ow conponent of waves and
propagati ng away fromthe bottom face 3.

[ 0041]

The fin 20 extends al ong t he | ongi tudi nal side (al ongthe
bott omcorner 6) and has al ength over the substantially entire
| ongi tudi nal side of the floating structure 1. The fin 20 1is
supported with supports 30A at several positions in the
| ongi tudi nal direction, for exanple, at threepoints, i.e., two
end portions and an i nternedi at e portion, or at several points,
i.e., two end portions and two or nore i nternedi ate portions.
Inthis enbodinent, thefin20is conposed of a singl e conponent
alongtheentireor substantially entirelengthof thefloating
structure 1. Alternatively, the fin 20 may be conposed of
several separate conponents al ong the | ongitudinal directions
and each conponent may be supported with one or nore supports
30A.

[ 0042]
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Each support 30A has an arm31A to which the fin 20 is
fixed and a drive nmechani sm 32A to nove the arm 31A and t hus
to nove the fin 20 bet ween the operational position bel owthe
wat er surface and t he rai sed position above the water surface.
In this enbodi nent, the arm31A is a single conmponent having
a |l ength substantially the sane as the height of the floating
structure 1, is vertically disposed, has a | ower end to which
the fin 20 is fixed, and is vertically noved with the drive
mechani sm 32A.

[ 0043]

Wth reference to Figure 3C, the drive nechani sm 32A
i ncludes racks (linear trains of gears) 33 along the axis of
the arm 31A, a drive pinion 34 supported at an upper portion
of the floating structure 1 (upper portion of the side face 4
in this enbodinent) and engaging with the racks 33, guide
pi ni ons or nenbers 35, and a notor 36 for rotating the drive
pinion 34. The drive pinion 34 and the guide pinions 35 are
supported wi t h brackets 37 at t he upper portion of the sideface
4. The notor 36 may be an el ectric notor or hydraulic notor.
[ 0044]

In this enbodiment, the two racks 33 are disposed in
paral | el and back to back outside and i nside the arm31A. The
drive pinion 34 and one of the guide pinion 35 are vertically
di sposed and engage with one (i nner one inthis enbodi nent) of
the racks 33, whereas the other two guide pinions 35,35 are
vertically di sposed so as to face the drive pinion 34 and t he
i nner gui de pi nion 35, respectively, and engage with t he ot her
(outer one in this enbodinment) rack 33.

[ 0045]

When the notor 36 is activatedtorotate the drive pinion
34, the rack 33 vertically noves to vertically shift the arm
31A. At the sane tine, the guide pinion35rotates in response
to the novenment of the rack 33, and shifts the arm31Ain the
vertical directionwithretention of the figure of the arm31A
The notor 36 has a brake torestrict its rotation and t he brake
functions as a retention mechanismto keep vertical position
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of the arm 31A and the fin 20.
[ 0046]

The oscillation reducing device 10A according to the
first enbodi nent of the present i nventi on has t he confi guration

descri bed above. Inuseof theoscillationreducingdevice10A,
as shown in Figure 3B, the drive nechanism32Ais activated to
vertically shift the arm 31A until the fin 20 reaches a

predet er m ned operati onal positionbel owthewater surface, and
then the brake of the notor 36 is driven to fix the arm 31A
Such a configuration facilitates the installation of the
osci |l l ation reduci ng devi ce 10A at the operational positionto
attenuate the rolling of the floating structure 1 with the
oscillation reduci ng device 10A, as descri bed above.

[0047]

During towi ng and berthing of the floating structure 1,
as shown in Figure 3A, the drive nechanism32Ais activated to
upwar d nove t he ar m31Auntil thefin20reaches arai sedposition
above t he wat er surface, and then the notor 36 is drivento fix
t he arm 31A

Since the fin 20 does not act as a resistive nass during
towing the floating structure 1, the floating structure 1 can
be snmoothly towed wi thout an increase in fuel consunption.

[ 0048]

Al thoughthe fin 20 at the operati onal position protrudes
away fromthe side face 4, the fin 20 can be noved above the
wat er surface before berthing. The floating structure can
t hereby berth without trouble. 1t should be appreciated that
the rai sed position of the fin 20 is set at a hei ght above t he
| evel of the pier in view of berthing.

[ 0049]

Inthis enbodi nent, the floating structure 1is equi pped
with a single oscillationreducing device 10A on one side face
4; hence, the installation cost of the oscillation reducing
devi ce 10Acan be reduced. It shouldbe notedthat the floating
structure 1 may be provided with two oscillation reducing
devi ces 10A on two side faces 4 and any one of the side faces
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4 may be directed to an offing.
[ 0050]

In this enbodi nent, one of four pinions (two pairs of
pi nions) 34,35 acts asthedrivingpinion. Alternatively, the
two or nore pinions may act as driving pinions. Wth the guide
pinion 35, aroller may be di sposed on a face not provided with
the rack 33 of the arm31A so that the arm31A can be vertically
noved. The retention nechanism keeping the fin 20 at the
oper ati onal and rai sed positions nay be repl aced wi t h any ot her
mechani cal stopper.

[ 0051]

[ Second enbodi nent ]

Arolling apparatus 10B accordi ng to a second enbodi nent
of the present i nventionw || nowbe descri bed. Theoscillation
reduci ng devi ce 10B has substantially the sane configuration
as that in the first enbodi ment, except that a support 30B of
t hi s enbodi nent has a configuration partially different from
that in the first enbodinent. Simlar conponents to those in
the first enbodi nent are denoted with sinmilar reference signs
tothoseinthefirst enbodi nent wi t hout redundant descri pti on,
and the fol |l owi ng descriptionw || be focused onthe difference
fromthe first enbodi nment.

[ 0052]

Wth reference to Figures 4A to 4C, two rolling
apparatuses 10B according to the second enbodi nent of the
present i nvention are provided with respective fins 20. These
fins20arefixedtotherespective side faces 4 of the fl oating
structure 1. Each apparatus is provided with a support 30B
bonded to the floating structure 1.

Each fin 20 has a sl oping segnment 22 extending froma
nei ghboring region of the bottom corner 6 to an obliquely
downward region renote fromthe side face 4 and a drooping
segnent 23 extending vertically froma bent at the tip end of
t he sl opi ng segnent 22 at an operational position.

[ 0053]
Each support 30B has an arm31B to which the fin 20 is
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fixed and a drive nmechani sm32B to nove the arm 31B and t hus
to nove the fin 20 bet ween the operational position bel owthe
wat er surface and t he rai sed position above the water surface.
The arm 31B and the drive mechanism32B differ fromthose in
the first enbodi nent.

[ 0054]

The arm 31B of this enbodi nent has a first arm segnent
3la and a second armsegnent 31b that are strechably fi xed, and
a tel escopi c nechani sm38 that expands or shrinks between t he
first armsegnent 31la and t he second ar msegnent 31b. The first
armsegnent 3la and t he second ar msegnent 31b after expansion
has al engt h substanti ally the sanme as t he hei ght of thefl oati ng
structure, like the arm31A in the first enbodi nent.

[ 0055]

The first armsegnment 31a has an i nner hol | owportionthat
can receive the second armsegnent 31b. The inner periphery
of the | ower end of the hollowportion of the first armsegnment
3la i s tapered whereas the outer periphery of the upper end of
the second arm segnent 31b is flared. Wen the second arm
segnent 31b noves relative to the first armsegnent 3la in an
expandi ng manner, the taper and the flare as a retention
mechani smare fit to each other to fix the second armsegnent
31b at an expanded state.

[ 0056]

Wth reference to Figure 4D, the drive nechani sm 32B
i ncludes racks (linear trains of gears) 33a al ong t he axi s of
a first arm3la; racks (linear trains of gears) 33b al ong t he
axi s of a second arm31b; a drive pinion 34a and a gui de pi ni on
(gui de menber) 35 supported at an upper portion of the floating
structure 1 (upper portion of the side face 4) and engagingw th
the racks 33a; a notor 36a for rotating the drive pinion 34a;
adrive pinion 34b and a gui de pi ni on 35 engagi ng with t he racks
33b; and a notor 36b for rotating the drive pinion 34b.

[ 0057]

In addition to these guide pinions 35, a pair of facing

gui de pi nions 35 may further be disposed. Wile the notor 36a
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is deactivated to fix the first armsegnent 31la, the notor 36b
is activated to shift the second arm segnent 31b. The
t el escopi ¢ mechani sm38 i ncl udes rack and pi ni on mechani sns and
respective notors 36a, 36b.

[ 0058]

The drive pinions 34a, 34b and t he gui de pinions 35 are
fixedtothe upper portion of the sideface 4 with brackets (not
shown in the drawing). The drive pinion 34b and the opposi ng
gui de pinion 35 that engage with the racks 33b, respectively,
of the second armsegnment 31b are detachably supported to the
second arm segnent 31b with a detachi ng nmechani sm(not shown
inthe drawi ng) as shown with transverse arrows i n Fi gure 4D.
These drive pinion 34b and guide pinion 35 are appropriately
detached fromthe second arm segnent 31b
[ 0059]

When t he not ors 36a, 36b are activated, the drive pinions
34a, 34b rotate, the racks 33a,33b vertically shift, and thus
the arm31Brisesor falls. For exanple, the notor 36ais fixed
with a brake while the notor 36b is activated to | ower the arm
31Bfromthe rai sed position, as showninFigure4D. The second
armsegnment 31b is noved relative tothe first armsegnent 3la
i n an expansi on manner and then the taper and the flare are fit
to keep the second arm segnent 31b at the expanded state.

[ 0060]

In the next stage, the drive pinion 34b and the guide
pi nion 35 engaging with the racks 33b are detached fromthe
second armsegnent 31b and the notor 36a is then activated to
| ower the first armsegnent 3la. The first armsegnent 31a and
the second arm segnment 31b, which are nmutually fixed in the
expanded state, are lowered until the fin 20 drops to a
predet er m ned operational position, and then the notor 36ais
braked to fix the arm 31B
[ 0061]

Inastage of rai singthearm31Bfromthel owered position,
t he drive pinion 34b and t he gui de pi ni on 35 engagi ng with the
racks 33b i s detached fromt he second ar msegnent 31b, and t hen
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the notor 36ais activated to raise the first armsegnent 3la.

The first armsegnment 31a and t he second ar msegnent 31b, which
are nmutual ly fixed in the expanded state, are raised until the
tops of the racks 33b of the second armsegnent 31brise to the
position engageable with the drive pinion 34b and the guide
pi nion35. After thedrive pinion34b and gui de pi ni on 35 engage
with the racks 33b, the notor 36a is fixed with the brake and
the notor 36b is operated to rai se the second armsegnent 31b.

The fit state between the taper and the flare is rel eased by
t he t orque of t he not or 36b and t he second ar msegnent 31b shifts
relative to the first armsegnent 31a in a shrinking manner.

When the fin 20 reaches the raised position above the water

surface, the brake of the notor 36b is activatedto fix the arm
31B.

[ 0062]

The oscillation reducing device 10B according to the
second enbodinent of the present invention has the
configuration descri bed above. As shown in Fi gures 4B and 4C,
the fin 20 of required one of the side faces 4 can be readily
settled at an operational position below the water surface,
resulting inareductioninrolling of the floating structure
by the effect of the fin 20 of the oscillation reduci ng device
10B, like the first enbodi nment.

[ 0063]

In the case that the floating structure 1 is towed or
berthed, as shown in Figure 4A, the drive mechanism 32B is
operatedtoshift thearm31Binthevertically upwarddirection
until the fin 20 reaches the raised position above the water
surface, and then the brake of the notors 36a, 36b i s activated
tofixthearm31lB. Suchanoperationfacilitates snoothtow ng
of the floating structure 1 without an increase in fuel
consunption and t berthing of the floating structure 1 without
troubl e.

[ 0064]

Inthis enmbodi ment, two oscillation reducing devi ces 10B

are di sposed on the respective side faces 4,4 of the floating
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structure 1. Alternatively, a single oscillation reducing
devi ce 10B may be di sposed on one of the side faces 4 of the
floating structure 1.

[ 0065]

[ Third enbodi nment ]

Arolling apparatus 10C according to a third enbodi nent
of the present i nventionw || nowbe descri bed. Theoscillation
reduci ng devi ce 10C has substantially the sane configuration
as that in the first enbodi ment, except that a support 130 of
t hi s enbodi nent has a configurationdifferent fromthat in the
first enbodinment. Simlar conponents to those in the first
enbodi nent are denoted with simlar reference signs to those
inthe first enmbodi ment wi t hout redundant descri ption, and the
foll ow ng description will be focused on the difference from
the first enbodi nment.

[ 0066]

Wth reference to Figures 5A to 5C, a single rolling
apparatus 10C according to the third enbodi nent of the present
invention is provided with a fin 20. The fin 20 is fixed to
one of thesidefaces4of thefloatingstructurel. The appar at us
is providedw th a support 130 bonded to the fl oating structure
1

The fin 20 has a sloping segnent 22 extending from a
nei ghboring region of the bottom corner 6 to an obliquely
downward region renote fromthe side face 4 and a drooping
segnent 23 extending vertically froma bent at the tip end of
t he sl oping segnent 22 at an operational position.

[ 0067]

The arm 131 has a proximal end and a distal end. The
proxi mal end is pivoted to an upper portion of the floating
structure 1 and the distal end is fixed to fin 20. A drive
mechani sm132 i s al so equi pped to pi vot the arm131. The drive
mechani sm132 has an actuator 136 that pivots to unbend the arm
131 in the vertical direction until the fin 20 reaches the
operational position or to bend the arm131 until the fin 20
reaches the raised position on the floating structure 1.
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[ 0068]

The arml131linthisenbodi nent i ncludesafirst ar msegnment
131a and a second ar msegnent 131b fi xed t o each ot her at aj oi nt
131c i n a bendabl e manner. Wthreferenceto Figure 5A arock
mechani sm (not shown in the drawing) is disposed to keep the
stretched state of the first armsegnment 131a and t he second
armsegnent 131b. Thefin20isfixedtothe distal end (renote
fromthe joint 131c) of the second armsegnent 131b, and the
actuator 136 is disposed at a proxinmal end 131d of the first
arm segnment 13la. The actuator 136 may be a hydraulic or
el ectric actuator.

[ 0069]

Wth reference to Figure 5A, to shift the fin 20 to the
operational position, the actuator 136 is operated until the
di stal end of the first armsegnent 13la is vertically unbent
at the joint 131c, and the rock nmechani smis activated to fix
the stretched state of thefirst armsegnent 131a and t he second
arm segnent 131b. The actuator 136 is then inactivated.

[ 0070]

Toreturnthe fin 20 fromthe operational positiontothe
rai sed position, rock mechani smis rel eased, sothat the first
armsegnent 131la and t he second armsegnent 131b ar e bendabl e.
Wth reference to Figure 5B, the actuator 136 i s operated as
follows: The distal end (at the joint 131c) of the first arm
segnent 13la is raised, the first armsegnent 131la is further
turned above the floating structure 1 and fi xed onthe top face
2 of the floating structure 1, and the actuator 136 is
deact i vat ed.

[0071]

The oscillation reducing device 10C according to the
t hi rd enbodi nent of the present i nventi on has t he confi guration
descri bed above. As shown in Figure 5A, the fin 20 can be
readily settled at an operational position below the water
surface, resulting in a reductionin rolling of the floating
structure 1 by the effect of the fin 20 of the oscillation
reduci ng device 10C, like the first enbodi nent.
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[ 0072]

In the case that the floating structure 1 is towed or
berthed, as shown in Figure 5C, the drive mechanism 132 is
operated to shift the arm 131 with the actuator 136 in the
vertically upward directionuntil thefin 20 reaches theraised
position above the water surface, and then the actuator 136 is
deactivated. Such an operation facilitates snooth tow ng of
thefloatingstructurelw thout anincreaseinfuel consunption
and to berthing of the floating structure 1 wi thout trouble.
[ 0073]

Inthis enbodi ment, a singleoscillationreducing device
10C is disposed on one of the side face 4 of the floating
structure 1. Alternatively, two single oscillation reducing
devi ces 10C may be di sposed on the respective side faces 4,4
of the floating structure 1.

[ 0074]

[ Shape and geonetry of fin]

The shape and geonetry of the finw Il nowbe descri bed.

Figure 6 is atransverse cross-sectional viewof the fin
20 in use according to the enbodi nents.

As descri bed above, the fin 20 has a sl opi ng segnent 22
t hat extends froma nei ghboring regi on of the bottomcorner 6
to an obliquely downward regi on renote fromthe side face 4 of
the floating structure 1 and a droopi ng segnent 23 extendi ng
vertically froma bend at the | ower end of the sl opi ng segnent
22 at an operational position.

[ 0075]

I't has been confirnedthat the cross-sectional structure
having the sloping segnent 22 and the drooping segnment 23
exhibits the highest reduction in oscillation through
simulation tests. In addition, optinumval ues of dinensions
and ot her par anet ers of i ndi vi dual conponents were i nvesti gated
by simulation tests.

[ 0076]

Define “d” as the depth fromthe water surface of the

bottomface 3 of the floating structure 1; “s” as the vertica
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position of the base end 21 of the fin 20 to the floating
structure 1, where the value is positive if the positionlies
bel ow the bottomface 3 of the floating structure 1; “x0” as
t he horizontal position of the base end 21 of the fin 20to the
floating structure 1, where the value is positive if the
position lies at an inner position renote fromthe side face
4 of thefloating structure 1; “b” as the | ength of the sl opi ng
segment 22; “6” as the inclination angle of the sloping segment
22 fromthe vertical line; and “h” as the | engt h of the droopi ng
segnent 23.

Simul ationtests were carried out whilethese paraneters
were being nodified in a variety of ranges. The follow ng
paraneters are effective for a reduction in oscillation.
[0077]

[ Tabl e 1]

[ 0078]

The shapes and geonetri es shown in Tabl e 1 are preferred.

Since the fin 20 is vertically noved in the first and
second enbodi nent s, the paraneter "x0" shoul d be | ess t han zero
to avoid interference of the fin 20 with the side face 4. In
order to achieve a maxinum state in the first and second
enbodi nents, a nechanismis provided which shifts the fin 20
or the supports 30A 30B toward the center of the floating
structure and to an operational position, as shown by two-dot
chain lines in Figure 7, in addition to a nechanism that
vertically shifts the fin 20.
[ 0079]

[ Further information]

The enbodi nents descri bed above may be appropriately
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nodi fied or conmbi ned with each other within the scope of the
present invention.

For exanple, the fin 20 has specific cross-sectional
shapes and geonetries in these enbodi nents; however, the fin
20 may have any ot her cross-sectional shape and geonetry.

[ 0080]

At | east the base end of the finis disposed at a bottom
corner and i s separated fromthe bottomcorner to define a gap
and the tip portion protrudes outward fromthe si de face of the
floating structure. The upward face of the fin functions as
a gui de face t hat converges wat er streans generated by spilling
waves and propagating toward the side face and guides the
streans to the gap. The downward face of the fin functions as
a resisting face that bl ocks water streans generated by the
under t owconponent of waves and propagati ng away fromt he bott om
face.

REFERENCE SI GNS LI ST

[ 0081]

1 floating structure

2 top face (upper face)

3 bottom face (| ower face)
4 side face

5 front or back face

10, 10A, 10B, 10Coscillation reduci ng device

20 fin (plate)

21 base end of fin 20

22 sl opi ng segnent

22a upward face (guide face) of sloping segnent 22

22b  downward face (resisting face) of sloping segnent 22

23 dr oopi ng segnent
23b inward face (resisting face) of drooping segnent 23
30A, 30B, 130 support

31A, 31B arm

3la, 13la first arm segnent

31b, 131B second arm segnent
32A, 32B, 132 drive nmechani sm
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33, 3a, 33brack

34, 34a, 34b drive pinion

35 gui de pinion (guide nenber)
36, 36a, 36b not or

37 br acket

38 t el escopi ¢ nmechani sm

136 act uat or
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CLAI M5
1. An oscillation reducing device conprising:

a pl ate di sposed at a bottomcorner between a side face
and a bottomface of a floating structure, the plate having a
base end bei ng separated fromt he bottomcorner to defi ne a gap,
the plate having atip portion protrudi ng outward fromthe si de
face of the floating structure; and

a support fixedto the floating structure and supporting
the plate; wherein

an upward face of the plate functions as a guide face to

converge water streanms generated by spilling waves and
propagati ng toward the side face and to guide the streans to
t he gap;

a downward f ace of the plate functions as aresistingface
that bl ocks water streans generated by an undertow conponent
of waves and propagating away fromthe bottom face; and

t he support includes an armto which the plate is fixed
and adri ve mechani smt hat noves t he armt o novet he pl at e bet ween
an operational position below a water surface and a raised
position above the water surface.

2. The oscill ation reduci ng device of claiml1, whereinthe
support has a retention mechani smthat hol ds the plate at one
of the operational position and the raised position.

3. The oscill ati on reduci ng device of A aiml or 2, wherein

the plate is fixed to a lower end of the arm di sposed
vertically; and

the drive nmechani smincl udes a rack di sposed on the arm
al ong an axi al direction, adrive pinion supported on an upper
portion of the floating structure and engagi ng wi th the rack,
and a gui de menber for shiftingthearminthevertical direction,
and a notor for rotating the drive pinion.

4. The oscillation reducing device of Claim3, wherein
the armhas a first armsegnment and a second ar msegnent
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that are strechably fixed, and a tel escopi c nechani sm t hat
expands or shrinks between the first armsegnent and t he second
arm segmnent ;

the plate is fixed to the |lower end of the second arm
segnent, and the first arm segnent has a rack; and

in the case of shifting the plate to the operati onal
position, thetel escopi c nechani smis operateduntil the second
armsegnment i s dowmward expanded fromthe first armsegnent,
and the notor is activated to lower the first arm segnent.

5. The oscill ati on reduci ng device of Caiml or 2, wherein

the plate is fixed to a distal end of the arm

a proxi mal end of the armis pivoted to an upper portion
of the floating structure; and

t he drive mechani smhas an actuator that pivotsthe arm
to unbend the armin the vertical direction until the plate
reaches the operational position or to bend the armuntil the
pl ate reaches the rai sed position on the floating structure.

6. The oscillation reducing device of Claimb5, wherein

the armhas a rock nechani smhas a first armsegnment and
a second armsegnent fi xedto each other at ajoint inabendabl e
manner, and a rock nmechani smfor keeping the stretched state
of the first arm segnent and the second arm segnent,

theplateisfixedtoadistal endof t he second ar msegnent,

and t he actuator i s di sposed at a proxi mal end of the first arm
segnent; and

in the case of shifting the plate to the operati onal
position, the actuator is operated until the distal end of the
first armsegnment is vertically unbent at the joint, and the
rock mechanismis activated to fix the stretched state of the
first armsegnent and the second arm segnent.

7. The oscill ation reduci ng device of any one of Clains 1
to 6, wherein

t he gap bet ween t he upper end of the plate and t he bottom
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corner has asnall size suchthat the water streamfl ow ng al ong
the upward face of the plate, through the gap, and beneath t he
bottomface forns a hi gh-speed | am nar flowinthe vicinity of
the bottom corner of the bottom face.

8. The oscill ation reduci ng device of any one of Clains 1
to 7, wherein

the plate has a sloping segnent that extends from a
nei ghbori ng regi on of t he bottomcorner t o an obl i quel y downward
region renote fromthe side face of the floating structure, at
t he operational position.

9. The oscill ation reduci ng device of any one of C aim 8,
wher ei n

t he pl at e has a droopi ng segnent t hat extends vertically
downward froma bend at the | ower end of the sl oping segnent
at the operational position.

10. The oscill ation reduci ng device of any one of Clains 1
to 9, wherein

the pl ate extends al ong the entire | ongitudi nal side of
the floating structure.

11. Afloatingstructure havi ng abottomcorner between asi de
face and a bottom face; wherein

The bottom corner is equipped with at |east one
oscillation reduci ng device of any one of Clains 1 to 10.

12. The floating structure of Claim1ll, wherein

the at | east one oscillation reducing device conprises
two oscil | ationreduci ng devi ces di sposed onthetwo sidefaces,
respectively, of the floating structure.
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