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DESCRI PTI ON

WORKI NG SYSTEM FOR FLOATI NG STRUCTURE, FLQATI NG STRUCTURE
WORKI NG SHI P, AND WORKI NG METHOD FOR FLOATI NG STRUCTURE
Technical Field

[ 0001] The present invention relates to working systens
for floating structures, floating structures, working ships
and working nethods for floating structures. More
particularly, the invention pertains to a working system
for a floating structure, a floating structure, a worKking
ship and a working nethod for a floating structure, whereby
wor k such as installation or maintenance of the floating
structure can be perforned in a stable state.

Background Art

[ 0002] In recent years, floating structures of various
floating types such as a spar type have been proposed as

of fshore wi nd power generation floating structures. A w nd
power generation device installed in such floating
structures includes a mast, a nacelle, and bl ades. A spar
type floating structure is constituted, for exanple, by a
columar floating body and a ballast, and the floating body
erected on the sea by the weight of the ballast is noored
by nooring cables (see, e.g., Patent Docunent 1 and Patent
Docunent 2).

[ 0003] For exanpl e, Patent Docunent 1 discloses a spar
type floating structure for wind power generation on the
sea, which includes upper and lower |ids, a hollow | ower

fl oati ng body having cylindrical precast concrete bl ocks
conti nuously arranged between the upper and | ower |ids and
j oi ned together by PC steel, a hollow upper floating body
havi ng an upper lid and precast concrete bl ocks which are
joined to the lower floating body by PC steel and which are

smaller in dianeter than the above precast concrete bl ocks,
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and a ballast tank joined to the | ower surface of the | ower
fl oati ng body by connecting steel pipes.

[ 0004] Fl oating structures such as the one disclosed in
Pat ent Docunent 1 are associated with a problemthat, while
wor k such as installation or maintenance of a floating
structure is perforned, the floating structure rolls due to
waves, wnd or the like, making it difficult to carry out
the work. Conventionally, therefore, the floating
structure is towed by a working ship to an area where the
rolling of the floating structure is small, and work such
as installation or maintenance of the floating structure is
performed there.

[ 0005] For exanple, in the Background Art section of

Pat ent Docunent 2, a nmethod of installing an offshore w nd
power generation device in a spar type floating body is
described in which the spar type floating body is |laid down
and towed to a place of installation, ballast water is
poured into the spar type floating body to erect the

fl oati ng body, nooring cables connected with anchors are
tied to the spar type floating body, and a post, a nacelle
and bl ades are nmounted on the spar type floating body.

[ 0006] Al so, Patent Docunent 2 discloses a catamaran in
whi ch a storage section for storing a cylindrical spar type
floating body in a laid state is formed between two hulls
set apart fromeach other at an appropriate interval and
fastened together by a connecting nenber, an accommobdati on
section for accommodati ng the spar type floating body in an
upright state is fornmed as a cut in the front part of the
connecting nmenber, w nches for winding wires, by which the
spar type floating body is fixed, are arranged on the hulls
on both sides of the accommopbdati on section, and an
automatic position maintaining device is installed in one

hul | .  The patent docunent al so di scloses a nethod of
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installing an offshore wi nd power generation device, in
which a cylindrical spar type floating body in a laid state
is stored in the storage section between the hulls of the
cat amaran, the spar type floating body is towed to a pl ace
of installation by the catamaran, a plurality of anchors
are suspended fromthe catanmaran, the spar type floating
body is rotated about its front end and erected, and after
a post, a nacelle and bl ades are nounted to the spar type
fl oati ng body, the anchors are connected to the spar type
fl oati ng body by nooring cabl es.
Prior Art Documents
Pat ent Docunent s
[ 0007] Pat ent Docunent 1: Japanese Lai d-open Patent
Publ i cati on No. 2009-248792

Pat ent Docunent 2: Japanese Lai d-open Patent
Publ i cati on No. 2009-13829
Summary of the Invention
Probl ens to be Sol ved by the Invention
[ 0008] In the installation nmethod for an offshore w nd
power generation device disclosed in Patent Docunent 2,
however, it is necessary to build a dedicated catanmaran
capabl e of towing, rotating, and erecting spar type
fl oati ng bodi es, posing a problemof increased costs.
Al so, when mai ntenance or the like of the offshore w nd
power generation device or the floating body needs to be
performed, it is difficult to carry out such work with the
floating body kept floating (erected). Thus, the spar type
floati ng body needs to be rotated to lie and then towed to
a calmsea area, giving rise to a problemthat the working
efficiency is poor.
[ 0009] The present invention was created in view of the
above probl ens, and an object thereof is to provide a
wor ki ng systemfor a floating structure, a floating
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structure, a working ship, and a working nethod for a
floating structure, whereby work such as installation or

mai nt enance of the floating structure can be perforned in a
stabl e state.

Means for Sol ving the Problens

[ 0010] The present invention provides a working system
conprising: a floating type floating structure; and a
wor ki ng ship configured to performat |east installation or
mai nt enance of the floating structure, wherein the floating
structure includes a columm section whose peri pheral
surface is located at a waterline when the floating
structure is floating, a ballast section arranged bel ow t he
colum section, and a flange section arranged at an

I nternmedi ate portion of the colum section, the working
ship includes a gripping section capable of engaging with
the flange section, the floating structure or the working
ship includes a raising/lowering device configured to raise
and | ower the floating structure or the working ship, and
with the gripping section of the working ship engaged with
the flange section of the floating structure in a floating
state, the floating structure or the working ship is raised
or lowered to secure the floating structure to the working
shi p.

[ 0011] The raising/lowering device is, for exanple, a
bal | ast adj usting device provided in the ballast section of
the floating structure, or a ballast adjusting device
provided in the working ship, or a jack capable of raising
and |l owering the gripping section together with the working
shi p.

[ 0012] The col um section may be sl enderer than the
bal | ast section. Also, the ballast section may have a
bal | ast tank to and from which water can be supplied and

di scharged, and water may be supplied to and di scharged
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fromthe ballast tank in accordance with | owering and

rai sing by the raising/lowering device. Further, the
wor ki ng ship may include a controller configured to contro
the supply and di scharge of water to and fromthe ball ast
tank, and a nonitor configured to nonitor posture of the
floating structure.

[ 0013] The gripping section may have a pronged unit with
a recess corresponding in shape to a circunferential half
of the peripheral surface of the columm section and may be
arranged at a bow of the working ship. Al so, the gripping
section may have an el astic nenber arranged at a portion

t hereof where the gripping section cones into contact with
the floating structure, or a supporting nenber configured
to restrict horizontal novenent of the flange section.

[ 0014] The flange section may be configured so as to be
attachabl e and detachable. The floating structure is, for
exanple, a spar type floating body. Al so, the floating
structure nay have a wi nd power generation device, w nd
condi ti ons observation equi pnent, a solar power generation
devi ce, lighting equipnent, or radi o communi cation

equi pnent arranged above the columm section.

[ 0015] Al so, the present invention provides a floating
type floating structure conprising: a colum section whose
peri pheral surface is |ocated at a waterline when the
floating structure is floating; a ballast section arranged
bel ow t he col um section; and a flange section arranged at
an internediate portion of the columm section, wherein the
fl ange section constitutes an engagenent section for
securing the floating structure in a floating state to a
wor ki ng shi p.

[ 0016] The columm section nay be sl enderer than the
bal | ast section. Also, the ballast section may have a

ball ast tank to and from which water can be supplied and
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di scharged. Further, the flange section may be confi gured
so as to be attachabl e and detachable. The floating
structure is, for exanple, a spar type floating body.

Al so, the floating structure nay have a w nd power
generation device, wind conditions observation equi pnent, a
sol ar power generation device, lighting equipnent, or radio
comruni cati on equi pnent arranged above the col um section.

[ 0017] Further, the present invention provides a working
ship for performng at |east installation or naintenance of
a floating type floating structure, conprising: a gripping
section capable of engaging with the floating structure;
and a raising/lowering device capabl e of adjusting height

of the gripping section froma water surface, wherein the
gripping section is raised relative to the water surface by
the raising/lowering device to secure the floating
structure in a floating state to the gripping section.

[ 0018] The raising/lowering device is, for exanple, a
bal | ast adj usting device or jack capable of raising and

| owering the gripping section together with the working
shi p.

[ 0019] The floating structure nay have a ballast tank to
and from whi ch water can be supplied and di scharged, and
the working ship may include a controller configured to
control the supply and di scharge of water to and fromthe
bal | ast tank and a nonitor configured to nonitor posture of
the floating structure.

[ 0020] The floating structure may include a colum
section whose peripheral surface is |located at a waterline
when the floating structure is floating, and the gripping
section may have a pronged unit with a recess correspondi ng
in shape to a circunferential half of the periphera

surface of the colum section and nay be arranged at a bow
of the working ship.
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[ 0021] The gripping section may have an el astic nenber
arranged at a portion thereof where the gripping section
comes into contact with the floating structure, or a
supporting nenber configured to restrict horizontal
novenent of the floating structure.

[ 0022] The present invention also provides a worKking
nmet hod for performng work including at |least installation
or mai ntenance of a floating type floating structure on
wat er, conprising: an engagi hg process of engaging a
working ship with part of the floating structure; a
securing process of securing the floating structure to the
wor ki ng ship by raising or lowering the floating structure
or the working ship; and a working process of carrying out
the work with respect to the floating structure.

[ 0023] The working nethod may further conprise: a

rel easi ng process of releasing |inkage between the floating
structure and the working ship by raising or |owering the
floating structure or the working ship; and a retreat
process of rel easing engagenent between the floating
structure and the working ship by detaching the working
ship fromthe floating structure.

Advant ageous Effects of the Invention

[ 0024] Wth the working system floating structure,
wor ki ng ship and wor ki ng met hod according to the present

I nvention, the gripping section of the working ship is
engaged with the floating structure in a floating state,
and the floating structure or the working ship is raised or
| onered so that the weight of the floating structure may be
borne by the gripping section. Thus, relative displacenent
between the floating structure and the working ship can be
made |l ess likely to occur, and the floating structure can
be secured to the working ship. Even while the floating

structure is in a floating state, work such as installation
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or mai ntenance of the floating structure can be easily
performed in a stable state at the floating | ocation

wi t hout the need to nove the floating structure.

Brief Description of the Draw ngs

[ 0025] FIG 1A is a side viewillustrating an overal
configuration of a working systemfor a floating structure
according to a first enbodi nent of the present invention.

FIG 1B is a plan view illustrating the overal
configuration of the working systemaccording to the first
enbodi nent of the present invention.

FIG 2A is an enlarged view of a gripping section of a
wor ki ng ship showmn in FIGS. 1A and 1B

FIG 2B illustrates the gripping section of the
wor ki ng ship shown in FIGS. 1A and 1B, as viewed froma
direction indicated by arrow B in FIG 2A

FIG 2Cis a schematic sectional view of the working
ship shown in FIGS. 1A and 1B

FIG 3 is a schematic diagramillustrating control of
t he working systemof FIG 1.

FIG 4A illustrates a working nethod for a floating
structure, using the working systemshown in FIGS. 1A and
1B, and illustrates a state before work.

FIG 4B illustrates the working nmethod using the
wor ki ng system shown in FIGS. 1A and 1B and illustrates an
engagi ng process.

FIG 4C illustrates the working nmethod using the
wor ki ng system shown in FIGS. 1A and 1B and illustrates a
securing process.

FIG S5A illustrates the working nmethod using the
wor ki ng system shown in FIGS. 1A and 1B and illustrates a
wor ki ng process.

FIG 5B illustrates the working nmethod using the
wor ki ng system shown in FIGS. 1A and 1B and illustrates a



rel easi ng process and a retreat process.

FIG 6A illustrates a working systemfor a floating
structure according to a second enbodi nent of the present
invention, and illustrates a state before a flange section
I's attached.

FIG 6B illustrates the working systemaccording to
t he second enbodi nent of the present invention and
illustrates the attachnent of the flange section.

FIG 6C illustrates the working systemaccording to
t he second enbodi nent of the present invention and
illustrates a state after the flange section is attached.

FIG 7A illustrates a working systemfor a floating
structure according to a third enbodi nent of the present
I nventi on.

FIG 7B illustrates a working systemfor a floating
structure according to a fourth enbodi nent of the present
I nventi on.

Mode for Carrying out the Invention

[ 0026] A working systemfor a floating structure
according to a first enbodi nent of the present invention
wi |l be described belowwith reference to FIGS. 1A to 3,
wherein FIGS. 1A and 1B are a side view and a plan view,
respectively, illustrating an overall configuration of the
wor ki ng system according to the first enbodi nent of the
present invention, FIGS. 2A to 2C are an enlarged view of a
gri pping section, a view of the gripping section froma
direction indicated by arrow B in FIG 2A, and a schenatic
sectional view, respectively, of a working ship shown in
FIGS. 1A and 1B, and FIG 3 is a schematic diagram
illustrating control of the working system shown in FIGS.
1A and 1B.

[ 0027] As illustrated in FIGS. 1A to 3, the working
system 1 according to the first enbodi nent of the present
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i nvention includes a floating type floating structure 2 and
a working ship 3 for performng at |least the installation
or mai ntenance of the floating structure 2. The floating
structure 2 includes a columm section 4 of which the

peri pheral surface is |located at the waterline when the
floating structure 2 is floating, a ballast section 5
arranged bel ow the colum section 4, and a flange section 6
arranged at an internedi ate portion of the colum section
4. The working ship 3 includes a gripping section 7
capabl e of engaging with the flange section 6, and a

rai sing/lowering device 8 for raising and | owering the
floating structure 2. Wth the gripping section 7 of the
wor ki ng ship 3 engaged with the flange section 6 of the
floating structure 2 in a floating state, the floating
structure 2 and the working ship 3 are raised or lowered to
secure the floating structure 2 to the working ship 3.

[ 0028] The floating structure 2, which is a floating
type floating structure, has the colum section 4, the
bal | ast section 5 and the flange section 6, and the fl ange
section 6 constitutes an engagenent section for securing
the floating structure 2 in a floating state to the working
ship 3. The floating structure 2 is, for exanple, a spar
type floating body. A wind power generation device 9, for
exanpl e, is arranged above the colum section 4.

Generally, the floating structure 2 is erected in and above
the water by the weight of the ballast section 5 and the
buoyancy force of the columm section 4, and is noored by
nooring cables 10. The floating structure 2 is not limted
to a spar type floating body and may be sone other floating
type floating structure, such as a sem subnersibl e type,
barge type, or tension |leg type.

[ 0029] The colum section 4 generally has a hol | ow

cylindrical shape because the colum section 4 is used to
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I npart buoyancy to the floating structure 2 and is exposed
to water. Also, the colum section 4 is slenderer than the
bal | ast section 5. By making the colum section 4

sl enderer than the ballast section 5, it is possible to
mtigate the influence of external force exerted by waves
and tidal current, inprove dynam c characteristics, and
reduce nooring force.

[ 0030] The ballast section 5 serves to adjust the
buoyancy force of the floating structure 2. Specifically,
the ballast section 5 has a ballast tank 51 to and from
whi ch water is supplied and di scharged in accordance with

| owering and raising by the raising/lowering device 8.
Water is supplied to and discharged fromthe ballast tank
51 by using, for exanple, a punp 52 or the |ike, as
illustrated in FIG 3. By adjusting the anount of water
supplied to or discharged fromthe ballast tank 51, it is
possible to adjust the weight applied to the floating
structure 2. Also, the ballast section 5 has a fixed
bal |l ast 53 which is |ocated at the bottom when the floating
structure 2 is in an upright position and which serves to
apply a fixed weight to the floating structure 2. The
draft and posture of the floating structure 2 are
controlled by the ballast section 5.

[ 0031] The flange section 6 is arranged at an

I nternmedi ate portion of the colum section 4 and
constitutes an engagenent section that permts the floating
structure 2 in a floating state to be supported by the

wor ki ng ship 3. The flange section 6 has a dianeter | arger
than that of the colum section 4 and is configured such
that the gripping section 7 of the working ship 3 can be
brought into contact wwth the | ower surface of the flange
section 6. Also, the flange section 6 is formed so as to
be | ocated above the waterline when the floating structure
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2 is floating, for exanple. By locating the flange section
6 higher than the waterline, it is possible to nake the
flange section 6 less likely to subnerge in water when the
floating structure 2 is floating, and to inprove visibility
and working efficiency when the gripping section 7 is
engaged with the flange section 6. The width, or dianeter,
and thickness of the flange section 6 are set appropriately
i n accordance with conditions such as the wei ght of the
floating structure 2, contents of work, size of the working
ship 3, and strength of the gripping section 7. Also, the
fl ange may not necessary be circular in shape and nay have
a rectangul ar shape.

[ 0032] The wi nd power generation device 9 includes, for
exanpl e, a supporting post 91, a nacelle 92, and bl ades 93.
The supporting post 91 is set up on the flange section 6
and supports the nacelle 92 and the bl ades 93. The nacelle
92 has an electricity generator, not shown, contained
therein and generates electric power as the blades 93 are
rotated. The blades 93 are rotated by the force of w nd.
The wi nd power generation device 9 may be arranged at a
portion of the colum section 4 |ocated above the fl ange
section 6 or may be set up on a platformformed at the top
of the floating structure 2. The w nd power generation
device 9 is nerely an exanple of superstructure installed
at the top of the floating structure 2, and wi nd conditions
observati on equi pnment such as an anenpbscope and an
anenoneter, a solar power generation device, |ighting

equi pnment, radi o conmuni cati on equi pnment or the |ike may be
Instal |l ed instead.

[ 0033] The working ship 3, which is a marine vessel used
for perform ng work such as installation or maintenance of
the floating type floating structure 2, includes the

gri pping section 7 and the raising/lowering device 8. The
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gripping section 7 is raised relative to the surface of

wat er by the raising/lowering device 8, to secure the
floating structure 2 in a floating state to the gripping
section 7. That is, the working ship 3 is so configured as
to be able to support the floating structure 2 in a
floating state. The working ship 3 includes, besides the
gri pping section 7 capable of engaging with the fl ange
section 6, a crane 31 installed on board the working ship
3, and a storage space 32 for materials used for work such
as installation or maintenance of the floating structure 2.
In the figures, a driving nechanismof the working ship 3
such as a main engine, is omtted.

[ 0034] The gripping section 7 is used to hold and
support the flange section 6 of the floating structure 2.
As illustrated in FIGS. 1A, 1B and 2A, for exanple, the

gri pping section 7 has a pronged unit 71 with a recess
corresponding in shape to a circunferential half of the
peri pheral surface of the colum section 4 and is arranged
at the bow of the working ship 3. Also, as illustrated in
FIG 2A, the gripping section 7 may include an el astic
menber 72 arranged at a portion thereof where the gripping
section 7 cones into contact wwth the floating structure 2,
and supporting nmenbers 73 for restricting horizontal
novenent of the flange section 6. The elastic nmenber 72
serves as an antislip, shock-absorbing nenber when fitted
on the junction between the colum section 4 and the flange
section 6. Alternatively, the elastic nenber 72 nay be
arranged over the entire upper surface of the pronged unit
71. As illustrated in FIG 2B, each supporting nenber 73
projects fromthe pronged unit 71, has a flat surface which
conmes into contact with the peripheral surface of the
colum section 4, and serves as an antislip nenber for the

flange section 6. A reinforcing nenber 74 nmay be arranged
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at the back of each supporting nenber 73 as needed.

[ 0035] The configuration of the gripping section 7
(pronged unit 71) is not limted to the illustrated one.
The gripping section 7 may be configured so as to be
rotatabl e or extendable and contractible wth respect to
the working ship 3, or may be configured such that the
pronged unit 71 can be opened and cl osed. The shape of the
gripping section 7 is also not Iimted to the illustrated
one. The gripping section 7 may have any shape insofar as
its structure and strength enable the gripping section 7 to
engage with and support the floating structure 2.

[ 0036] The raising/lowering device 8 is capabl e of

rai sing and lowering the working ship 3 with which the
floating structure 2 i s engaged, and al so can rai se and

| oner the floating structure 2 at the sane tine. As
illustrated in FIG 2C, the raising/lowering device 8 is a
bal | ast adj usting device 33 arranged in the working ship 3,
for exanple. The ballast adjusting device 33 includes a
bal | ast tank 34 arranged inside the working ship 3, and a
punp 35 for supplying and di scharging water to and fromthe
bal | ast tank 34. The ballast adjusting device 33 adjusts
the anmount of water in the ballast tank 34 by using the
punp 35, to adjust the draft of the working ship 3 and
thereby raise or |ower the gripping section 7 together with
the working ship 3. Consequently, the floating structure 2
engaged by the gripping section 7 is also raised or |owered
at the sane tine.

[ 0037] The working ship 3 may be equi pped, as
illustrated in FIG 3, with a controller 36 for controlling
t he supply/di scharge of water to/fromthe ballast tank 51
of the floating structure 2, and a nonitor 37 for
nmonitoring the posture of the floating structure 2. The

controller 36 also controls the supply/discharge of water
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to/fromthe ballast tank 34 of the working ship 3.
Specifically, the controller 36 controls the punps 52 and
35 through wireless or wire comruni cation, to supply or

di scharge water to or fromthe respective ballast tanks 51
and 34. The floating structure 2 includes a sensor 11 for
detecting the posture (inclination) of the floating
structure 2. The nonitor 37 receives data indicative of
the posture of the floating structure 2 fromthe sensor 11
through wirel ess or wire comuni cati on, and presents the
information to the operator. Feedback control may be
executed in such a manner that the nonitor 37 sends the
data indicative of the posture of the floating structure 2
to the controller 36, which then controls the
suppl y/ di scharge of water to/fromthe ballast tanks 34 and
51 in accordance with the received data.

[ 0038] A wor ki ng nmet hod using the aforenenti oned wor ki ng
system1l will be now described with reference to FIGS. 4A
to 4C, 5A and 5B. FIGS. 4A to 4Cillustrate the working
met hod using the working systemillustrated in FIG 1
wherein FIG 4A illustrates a state before work, FIG 4B
illustrates an engagi ng process, and FIG 4C illustrates a
securing process. FIGS. 5A and 5B also illustrate the
wor ki ng net hod using the working systemillustrated in FIG
1, wherein FIG 5A illustrates a working process, and Fl G
5B illustrates a rel easing process and a retreat process.

[ 0039] As illustrated in FIGS. 4A to 4C, 5A and 5B, the
wor ki ng net hod according to the present invention is a

met hod for performng work including at |east the
installation or mai ntenance of the floating type floating
structure 2 on the water and includes the engagi ng process
for engaging the working ship 3 with part of the floating
structure 2, the securing process for securing the floating

structure 2 to the working ship 3 by raising the floating
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structure 2 and the working ship 3, and the worki ng process
for carrying out the work, such as installation or

mai nt enance, with respect to the floating structure 2.

Also, as illustrated in FIGS. 5A and 5B, the working nethod
may further include the releasing process for releasing the
| i nkage between the floating structure 2 and the working
ship 3 by lowering the floating structure 2 and the working
ship 3, and the retreat process for releasing the
engagenent between the floating structure 2 and the working
ship 3 by detaching the working ship 3 fromthe floating
structure 2. In the follow ng, the work of installing the
wi nd power generation device 9 at the top of the floating
structure 2 wll be expl ai ned.

[ 0040] Before the work, the floating structure 2 w thout
the wi nd power generation device 9 is floating, as shown in
FIG 4A. The floating structure 2, which is of a floating
type, is laid dowmn and towed to a place of installation by
the working ship 3 or other tow vessel, and at the place of
installation, the floating structure 2 is set upright

t hrough adjustnment of the ballast and is noored. Also, the
wor ki ng ship 3 carries thereon the supporting post 91, the
nacel l e 92 and the bl ades 93 which are used to construct
the wi nd power generation device 9.

[ 0041] As illustrated in FIG 4B, the engagi ng process
IS a process whereby the working ship 3 is engaged with the
floating structure 2. Specifically, the working ship 3 is
noved close to the floating structure 2, and the gri pping
section 7 of the working ship 3 is engaged with the col um
section 4 of the floating structure 2.

[ 0042] The securing process is a process for securing
the floating structure 2 to the working ship 3 by raising
the working ship 3, as illustrated in FIG 4C

Specifically, water is discharged fromthe ballast tank 34
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(see FIG 2C) of the working ship 3, to decrease the draft
of the working ship 3 and thereby lift the flange section 6
by the gripping section 7. The weight of the floating
structure 2 is borne by the gripping section 7 to secure
the floating structure 2 and the working ship 3 to each
other so that relative displacenent of the two may be
unlikely to occur. At this time, the ballast tank 51 of
the floating structure 2 and the ballast tank 34 of the
wor ki ng ship 3 nay be controlled using the controller 36
and the nmonitor 37, shown in FIG 3, so that the floating
structure 2 may not be displaced or rotated.

[ 0043] As illustrated in FIG 5A, the working process is
a process for installing the wind power generation device 9
at the top of the floating structure 2. Specifically,

using the crane 31 or the like, the supporting post 91, the
nacell e 92 and the bl ades 93 are successively installed on
the flange section 6 of the floating structure 2 secured to
the working ship 3. Since, at this tinme, the floating
structure 2 is supported by and secured to the working ship
3, it is possible to restrain relative displacenent between
the floating structure 2 and the working ship 3 fromtaking
pl ace at the floating location of the floating structure 2.
Al so, in cases where the facilities of the working ship 3
such as the crane 31 are used, the conponent parts can be
easily positioned and thus can be installed in a stable
state. Further, the transfer of workers and the conveyance
of conponent parts and the |ike fromthe working ship 3 to
the floating structure 2 can be safely and snoothly carried
out .

[ 0044] The rel easing process is a process for rel easing
the |inkage between the gripping section 7 of the working
ship 3 and the flange section 6 of the floating structure

2, as illustrated in FIG 5B. Specifically, water is
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supplied to the ballast tank 34 (see FIG 2C) of the
working ship 3 to increase the draft of the working ship 3
and thereby rel ease the gripping section 7 fromthe wei ght
of the floating structure 2 so that the floating structure
2 may resune a floating state. At this tine, the ball ast
tank 51 of the floating structure 2 and the ballast tank 34
of the working ship 3 nay be controlled by the controller
36 and the nonitor 37, shown in FIG 3, so that the
floating structure 2 may not fall.

[ 0045] As illustrated in FIG 5B, the retreat process is
a process in which the working ship 3 retreats fromthe
floating structure 2. Specifically, the columm section 4
of the floating structure 4 is detached fromthe gri pping
section 7 of the working ship 3 by noving the working ship
3 away fromthe floating structure 2.

[ 0046] In the case of performng, for exanple, the

mai nt enance of the w nd power generation device 9 installed
as illustrated in FIG 5B, processes simlar to the
engagi ng and securing processes shown in FIGS. 4B and 4C,
respectively, may be carried out to secure the floating
structure 2 equipped with the wi nd power generation device
9 to the working ship 3, and after the relative

di spl acenent between the floating structure 2 and the
working ship 3 is restricted, desired work such as

mai nt enance nay be perforned.

[ 0047] Wth the aforenmenti oned working system and net hod
for a floating structure according to the first enbodi nent,
the gripping section 7 of the working ship 3 is engaged
with the floating structure 2 in a floating state, and the
floating structure 2 and the working ship 3 are raised so
that the weight of the floating structure 2 may be borne by
the gripping section 7. Thus, relative displacenent
between the floating structure 2 and the working ship 3 can
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be made less likely to occur, and the floating structure 2
can be secured to the working ship 3. Even while the
floating structure 2 is in a floating state, work such as
installation or mai ntenance of the floating structure 2 can
be easily perforned in a stable state at the floating

| ocation without the need to nove the floating structure 2.
[ 0048] Working systens 1 for a floating structure
according to other enbodi nents of the present invention
wi Il be now described. FIGS. 6A to 6Cillustrate the
wor ki ng system according to a second enbodi nent of the
present invention, wherein FIG G6A illustrates a state
before a flange section is attached, FIG 6B illustrates
the attachnment of the flange section, and FIG 6C
illustrates a state after the flange section is attached.
FIGS. 7A and 7B illustrate the working systens according to
the ot her enbodi nents of the present invention, wherein
FIG 7A illustrates a third enbodinent, and FIG 7B
illustrates a fourth enbodinent. |In these figures, |ike
reference nunerals refer to like elenents of the first
enbodi nent, and description of identical elenents is

om tted.

[ 0049] In the second enbodinent illustrated in FIGS. 6A
to 6C, a flange section 6 is attached to an existing
floating structure 2. That is, the flange section 6 may be
of an attachabl e/ detachable type, and the floating
structure 2 not provided with the flange section 6, as
shown in FIG 6A, may be nounted with the flange section 6,
as shown in FIG 6B, so that the floating structure 2 can
be secured to the working ship 3. The flange section 6 is
made up of, for exanple, two flange hal ves 6a and 6b, as
shown in FIG 6C, and the flange hal ves 6a and 6b are

conbi ned together to be connected to the colum section 4.
[ 0050] In the third enbodinment illustrated in FIG 7A,
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the raising/lowering device 8 is replaced by jacks 14
capabl e of raising and |lowering the gripping section 7
together with the working ship 3. Specifically, the jacks
14 are set up on the seafloor and configured to raise and
| ower the working ship 3 by notors, not shown, so that the
draft of the working ship 3 can be adj usted.
[ 0051] In the fourth enbodinent illustrated in FIG 7B
the ballast of the floating structure 2 is adjusted,
i nstead of raising and |lowering the working ship 3, to
secure the floating structure 2 to the working ship 3.
Specifically, in the engaging process, water is supplied to
the ballast tank 51 of the floating structure 2 with the
gri pping section 7 of the working ship 3 engaged with the
floating structure 2, to increase the weight of the
floating structure 2 and thereby |lower (increase the draft
of) the floating structure 2. As a result, the flange
section 6 is pressed against the gripping section 7,
whereby the floating structure 2 is secured to the working
ship 3. At this tine, the ballast tank 51 of the floating
structure 2 and the ballast tank 34 of the working ship 3
may be controlled by the controller 36 and the nonitor 37,
shown in FIG 3, so that the floating structure 2 may not
fall.
[ 0052] The present invention is not limted to the
f oregoi ng enbodi nents, and various nodifications can of
course be made thereto w thout departing fromthe scope and
spirit of the invention.
Expl anati on of Reference Signs
[ 0053] 1: working systemfor floating structure

2: floating structure

3: working ship

4: colum section

5: ballast section
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fl ange section
gri ppi ng section
rai sing/l owering device
wi nd power generation device
j ack
bal | ast adj usting device
bal | ast tank
controller
noni t or
pronged unit
el astic nmenber

supporting nmenber
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CLAI M5

1. A working system conpri sing:

a floating type floating structure; and

a working ship configured to perform at | east
installation or mai ntenance of the floating structure,
wher ei n:

the floating structure includes a colum section whose
peri pheral surface is |ocated at a waterline when the
floating structure is floating, a ballast section arranged
bel ow t he col um section, and a flange section arranged at
an internediate portion of the colum section,

the working ship includes a gripping section capable
of engaging with the flange section at the colum section,

the floating structure or the working ship includes a
rai sing/lowering device configured to raise and | ower the
floating structure or the working ship,

the gripping section has a pronged unit with a recess
corresponding in shape to a circunferential half of the
peri pheral surface of the colum section, and

with the gripping section of the working ship engaged
with the colum under the flange section of the floating
structure in a floating state, the floating structure or
the working ship is raised or |owered such that wei ght of
the floating structure is borne by the gripping section via
| oner surface of the flange section, to secure the floating
structure to the working ship.

2. The working systemaccording to claim1, wherein
the raising/lowering device is a ballast adjusting device
provided in the ballast section of the floating structure,
or a ballast adjusting device provided in the working ship,
or a jack capable of raising and | owering the gripping

section together with the working ship.
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3. The working system according to claiml1, wherein
the columm section is slenderer than the ballast section.

4. The working systemaccording to claim1, wherein
t he ballast section has a ballast tank to and from whi ch
wat er can be supplied and di scharged, and water is supplied
to and discharged fromthe ballast tank in accordance with
| owering and raising by the raising/lowering device.

5. The working system according to claim4, wherein
the working ship includes a controller configured to
control the supply and discharge of water to and fromthe
bal | ast tank, and a nonitor configured to nonitor posture
of the floating structure.

6. The working system according to claiml1l, wherein
the gripping section has an elastic nenber arranged at a
portion thereof where the gripping section cones into
contact with the floating structure, or a supporting nenber
configured to restrict horizontal novenent of the fl ange
secti on.

7. The working systemaccording to claim1, wherein
the flange section is configured so as to be attachable and
det achabl e.

8. The working system according to claiml1, wherein
the floating structure is a spar type floating body.

9. The working systemaccording to claim1, wherein
the floating structure has a wi nd power generation device,
wi nd conditions observation equi pnent, a solar power
generation device, lighting equipnment, or radio
comruni cati on equi pnent arranged above the col um secti on.

10. A working ship for performng at | east
installation or mai ntenance of a floating type floating
structure, the floating structure including a colum
section whose peripheral surface is |located at a waterline
when the floating structure is floating, and a fl ange
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section arranged at an internediate portion of the colum
section, the working ship conprising:

a gripping section capable of engaging with the
floating structure at the col umm section; and

a raising/lowering device capable of adjusting height
of the gripping section froma water surface,

wherein the gripping section has a pronged unit with a
recess corresponding in shape to a circunferential half of
t he peripheral surface of the columm section, and

with the gripping section of the working ship engaged
with the colum under the flange section of the floating
structure in a floating state, the gripping section is
raised relative to the water surface by the
rai sing/lowering device, such that weight of the floating
structure is borne by the gripping section via | ower
surface of the flange section, to secure the floating
structure in a floating state to the gripping section.

11. The working ship according to claim 10, wherein
the raising/lowering device is a ballast adjusting device
or jack capable of raising and | owering the gripping
section together with the working ship.

12. The working ship according to claim 10, wherein:

the floating structure has a ballast tank to and from
whi ch wat er can be supplied and di scharged, and

the working ship includes a controller configured to
control the supply and discharge of water to and fromthe
bal | ast tank, and a nonitor configured to nonitor posture
of the floating structure.

13. The working ship according to claim10, wherein
the gripping section has an elastic nmenber arranged at a
portion thereof where the gripping section cones into
contact with the floating structure, or a supporting nenber

configured to restrict horizontal novenent of the floating
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structure.

14. A working nethod for performng work including at
| east installation or naintenance of a floating type
floating structure on water, the floating structure
i ncl udi ng a colum section whose peripheral surface is
| ocated at a waterline when the floating structure is
floating, and a flange section arranged at an internediate
portion of the columm section, the working nethod
conpri si ng:

an engagi ng process of engaging the gripping section
of a working ship with the colum under the flange section
of the floating structure in a floating state;

a securing process of securing the floating structure
to the working ship by raising or lowering the floating
structure or the working ship such that wei ght of the
floating structure is borne by the gripping section via
| oner surface of the flange section; and

a working process of carrying out the work with
respect to the floating structure.

15. The working nethod according to claim 14, further
conpri si ng:

a releasing process of releasing |inkage between the
floating structure and the working ship by raising or
| owering the floating structure or the working ship; and

a retreat process of rel easing engagenent between the
floating structure and the working ship by detaching the
wor ki ng ship fromthe floating structure.



