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(54) SHIP FOR INSTALLING OFFSHORE WIND TURBINES, AND METHOD FOR INSTALLING 
OFFSHORE WIND TURBINES USING SAME

(57) Provided are a ship for installing offshore wind
turbines and a method for installing offshore wind tur-
bines using the ship, whereby wind turbines can be in-
stalled by simple operations when pre-assembled wind
turbines are transported and installed at sea. In the ship
for installing offshore wind turbines (1), multiple wind tur-
bines (3), each obtained by assembling a tower (5), a
nacelle (7) and rotor blades (9), are loaded side-by-side
in the longitudinal direction of the hull, the ship is towed
or self-navigated to an area of sea where the wind tur-

bines are to be installed, and the wind turbines (3) are
installed on pre-installed foundations. The ship for install-
ing offshore wind turbines (1) is provided with a handling
apparatus (16) that travels in the longitudinal direction of
the hull, and holds and lifts the tower (5) of a wind turbine
(3). When installing a wind turbine (3) on a foundation,
the handling apparatus (16) travels to the foundation po-
sitioned at the rear of the hull while holding and lifting the
tower (5) of the wind turbine (3), and installs the wind
turbine (3) on the foundation.
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Description

{Technical Field}

[0001] The present invention relates to offshore wind-
turbine installation ships and offshore wind-turbine instal-
lation methods using the same.

{Background Art}

[0002] Offshore wind turbines are being actively built
today in Europe, and their numbers are expected to in-
crease in future. Therefore, it is expected that the number
of offshore construction sites will significantly increase.
In addition, with regard to wind-turbine installation sea
areas, there are plans for installing wind turbines in deep
sea areas that are more distant from the shores, and the
wind turbines used are also becoming larger.
[0003] An offshore wind-turbine installation process in-
volves the use of a self-elevating platform equipped with
a jack-up device and a deck crane. Wind-turbine com-
ponents, such as segmented or partly-joined wind turbine
blades, nacelles containing generators and gear boxes,
and towers, and  foundation structures to be built on the
seafloor on which the wind turbines will be installed off-
shore are loaded onto the self-elevating platform. Then,
the self-elevating platform is self-propelled or towed to a
wind-turbine installation sea area. Subsequently, once
the hull is completely lifted above the sea surface by low-
ering a jack-up leg of the jack-up device to the seafloor,
the deck crane on the platform is used to perform the
wind-turbine installation process.
[0004] Most existing wind-turbine installation ships can
carry wind-turbine components and foundation struc-
tures for two to three wind turbines at a time. After being
loaded with the wind-turbine components and the foun-
dation structures at a loading port, the ship travels to an
installation sea area where the loaded number of wind
turbines and foundation structures are installed, and the
ship then returns to the loading port. This process of
transporting and installing wind turbines is repeated.
[0005] There is also a case where one self- elevating
platform serving as a dedicated platform for wind- turbine
installation is stationed in a wind- turbine installation sea
area and another self- elevating platform is used for trans-
porting the components. Specifically, a plurality of wind-
turbine components and foundation structures are load-
ed onto the  component- transporting platform at the load-
ing port, and the component- transporting platform is
stopped next to the stationed wind- turbine- installation-
dedicated platform. After jacking up the component-
transporting platform, the wind- turbine components and
the foundation structures loaded on the component-
transporting platform are hoisted by using the deck crane
on the installation- dedicated platform, thereby perform-
ing the installation process.
[0006] However, with the current construction method
described above, it is expected that an enormous cost is

required for the offshore construction in view of the con-
struction time and the costs required for the platforms.
Therefore, there are big challenges to achieve cost re-
duction and to make improvements.
Problems concerning the construction time include a
longer sailing time from the loading port to wind- turbine
installation sea areas due to the installation sea areas
being farther from shore relative to the current installation
areas, a longer time required for the jack- up device to
elevate and lower the platform due to the water in the
installation sea areas being deeper than that in the cur-
rent installation areas, and a lower time- efficiency
caused by a reduced number of wind turbines that can
be transported at a time with the currently- used equip-
ment due to the increased size of the wind  turbines.
Problems concerning the costs required for the platforms
include an increase in the demand for platforms due to
an increasing number of construction sites, and an in-
crease in the price of platforms, which is caused by an
increase in the size of platforms and an increase in the
capacity of jack- up devices and deck cranes in accord-
ance with the increased size of the wind turbines.
[0007] Patent Literature 1 discloses an offshore wind-
turbine installation method in which a foundation for a
wind turbine is a floating body. In this method, the floating
body is towed to an installation sea area where the float-
ing body is sunk into the sea so as to be set on the sea-
floor. Because the wind turbine in its assembled state is
transported to and installed in the installation sea area
in this manner, this method is advantageous in that there
is no need to perform an assembly process at the instal-
lation site.

{Citation List}

{Patent Literature}

[0008]  {PTL 1} 
Japanese Unexamined Patent Application, Publication
No. 2005- 69025

{Summary of Invention}

{Technical Problem}

[0009] However, Patent Literature 1 involves a difficult
process for installing the wind turbine since the floating
body needs to be sunk into the sea while maintaining the
orientation of the wind turbine by supporting it with a
crane ship. Moreover, since it is necessary to prepare a
crane ship in addition to a tugboat, it is difficult to achieve
cost reduction.
[0010] Furthermore, when performing a so- called in-
tegral wind- turbine installation process in which a pre-
assembled wind turbine is transported to and installed in
an installation sea area by using a ship, it is conceivable
that a crane is used to hoist the entire wind turbine from
above and to convey the wind turbine. However, using
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such a crane involves some risk since the crane hoisting
the wind turbine may swing during strong winds, forcing
the process to be halted, which is a problem in terms of
a longer working period and an increase in costs.
[0011] The present invention has been made in view
of such circumstances and an object thereof is to provide
an offshore wind-turbine installation ship and an offshore
wind-turbine installation method using the same that al-
low for installation  of a wind turbine by a simple process
in a case where a wind turbine in its assembled state is
to be transported to and installed in an installation sea
area.

{Solution to Problem}

[0012] In order to solve the aforementioned problems,
an offshore wind-turbine installation ship and an offshore
wind-turbine installation method using the same accord-
ing to the present invention employ the following solu-
tions.
Specifically, a first aspect of the present invention pro-
vides an offshore wind-turbine installation ship on which
a plurality of wind turbines, each of which is preassem-
bled by combining a tower, a nacelle, and wind turbine
blades, are loaded and arranged in a front-rear direction
of a hull and that is self-propelled or towed to a wind-
turbine installation sea area where the ship installs each
wind turbine onto a preinstalled foundation. The offshore
wind-turbine installation ship includes a handling device
that moves in the front-rear direction of the hull and grips
and lifts the tower of the wind turbine. When installing
the wind turbine onto the foundation, the handling device
grips and lifts the tower of the wind turbine and moves
to a position above the foundation located behind the hull
so as to install the wind turbine onto the foundation.
[0013]   The offshore wind-turbine installation ship ac-
cording to the first aspect of the present invention per-
forms a so-called integral wind-turbine installation proc-
ess in which wind turbines, each of which is preassem-
bled by combining a tower, a nacelle, and wind turbine
blades, in their preassembled state are transported to
and installed in a wind-turbine installation sea area.
Therefore, the need for assembling the wind turbines in
the installation area can be eliminated.
Using a crane that hoists a wind turbine from above, as
in the related art, involves some risk since the wind tur-
bine may swing during strong winds, forcing the process
to be halted. In contrast, in the present invention, the
handling device that moves in the front-rear direction of
the hull and grips and lifts the tower of the wind turbine
is provided. Therefore, the wind turbine can be stably
conveyed by gripping the tower of the wind turbine when
installing the wind turbine onto the foundation. The han-
dling device moves to the position above the foundation
located behind the hull and installs the wind turbine onto
the foundation. Accordingly, with the present invention,
when installing the wind turbine onto the foundation, the
wind turbine is stably gripped and conveyed so that the

process can be prevented from being interrupted due to
strong winds, thereby shortening the installation process
of the wind turbine.
[0014]   It is preferable that the offshore wind-turbine
installation ship according to the first aspect of the
present invention further include a wind-turbine support
structure that stands upright on a deck and extends in
the front-rear direction of the hull, the wind-turbine sup-
port structure supporting the wind turbines loaded on the
deck. Moreover, the handling device preferably moves
on a rail provided at a predetermined height position of
the wind-turbine support structure.
[0015] Each of the wind turbines loaded on the deck
is supported by the wind-turbine support structure that
stands upright on the deck and extends in the front-rear
direction of the hull. Moreover, the rail on which the han-
dling device moves is provided at the predetermined
height position of the wind-turbine support structure.
Consequently, the handling device grips the tower of the
wind turbine at the predetermined height position thereof,
meaning that the tower can be gripped at a position lo-
cated near the center of gravity of the wind turbine,
whereby the wind turbine can be stably conveyed.
[0016] In the aforementioned offshore wind-turbine in-
stallation ship, the wind-turbine support structure is pref-
erably provided with a rail extension section extending
from the rail to the position above the foundation located
behind the hull, and the rail extension section is prefer-
ably retractable toward the hull.
[0017] The wind-turbine support structure is provided
with the rail extension section extending from the rail to
the position above the foundation located behind the hull.
Consequently, the handling device can be guided to the
position above the foundation by being made to move on
the rail extension section.
Furthermore, since the rail extension section is retracta-
ble toward the hull, the rail extension section can be pre-
vented from hindering the process when positioning the
ship by moving it closer toward the foundation. In addi-
tion, when the ship floats and rocks on the water as a
result of raising a jack-up leg after installing the wind tur-
bine on the foundation, the rail extension section can be
prevented from coming into contact with the wind-turbine
tower.
[0018] Furthermore, it is preferable that the offshore
wind- turbine installation ship according to the first aspect
of the present invention further include a wind- turbine
support structure that stands upright on a deck and ex-
tends in the front- rear direction of the hull, the wind-
turbine support structure supporting the wind turbines
loaded on the deck; and a support device that supports
the tower of the wind turbine  while moving on a structure
rail that is provided at a predetermined height position of
the wind- turbine support structure and extends in the
front- rear direction of the hull. Moreover, the handling
device preferably moves on a deck rail provided on the
deck. When conveying the wind turbine, the handling de-
vice preferably lifts the tower from a lower part thereof,
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and the support device preferably supports the tower at
a predetermined height position thereof.
[0019] Each of the wind turbines loaded on the deck
is supported by the wind-turbine support structure that
stands upright on the deck and extends in the front-rear
direction of the hull. Moreover, the rail is provided at the
predetermined height position of the wind-turbine sup-
port structure, and the support device that supports the
tower of the wind turbine moves on this rail. Moreover,
the handling device moves on the rail provided on the
deck.
When conveying the wind turbine, the handling device
lifts the tower from the lower part thereof, and the support
device supports the tower at the predetermined height
position thereof. Accordingly, the tower is conveyed while
being supported at two positions, i.e., the lower part and
the predetermined height position thereof, whereby the
wind turbine can be stably conveyed.
The support device does not need to have a function for
lifting the wind turbine so long as the support device can
support the tower to prevent it from falling.
[0020] In the aforementioned offshore wind-turbine in-
stallation ship, the wind-turbine support structure is pref-
erably provided with a structure-rail extension section ex-
tending from the structure rail to the position above the
foundation located behind the hull. The deck preferably
includes a deck extension section that extends to the
position above the foundation located behind the hull.
The deck extension section is preferably provided with a
deck-rail extension section extending from the deck rail
toward a stern. The structure-rail extension section, the
deck extension section, and the deck-rail extension sec-
tion are preferably retractable toward the hull.
[0021] The wind-turbine support structure is provided
with the structure-rail extension section extending from
the structure rail to the position above the foundation lo-
cated behind the hull. Consequently, the support device
can be guided to the position above the foundation by
being made to move on the structure-rail extension sec-
tion. In addition, when the ship floats and rocks on the
water as a result of raising a jack-up leg after installing
the wind turbine on the foundation, the deck extension
section and the rail extension section can be  prevented
from coming into contact with the wind-turbine tower and
the foundation.
Furthermore, the deck is provided with the deck exten-
sion section that extends to the position above the foun-
dation located behind the hull, and this deck extension
section is provided with the deck-rail extension section.
Consequently, the handling device can be guided to the
position above the foundation by being made to move on
the deck-rail extension section.
Furthermore, since the structure-rail extension section,
the deck extension section, and the deck-rail extension
section are retractable toward the hull, these extension
sections can be prevented from hindering the process
when positioning the ship by moving it closer toward the
foundation.

[0022] Furthermore, in the offshore wind- turbine in-
stallation ship according to the first aspect of the present
invention, the handling device is preferably movable in a
beam direction extending orthogonally to the front- rear
direction of the hull.
[0023] Because the handling device is movable in the
beam direction, the wind turbine can be accurately set in
position when being installed onto the foundation.
[0024] Furthermore, in the aforementioned offshore
wind- turbine installation ship, the support device prefer-
ably moves by following the position of the handling de-
vice.
[0025] Because the support device moves by following
the position of the handling device, the wind turbine can
be conveyed while maintaining the tower in a substan-
tially vertical orientation.
Furthermore, when the handling device moves in the
beam direction, the support device also moves corre-
spondingly in the beam direction.
[0026] A second aspect of the present invention pro-
vides an offshore wind-turbine installation ship on which
a plurality of wind turbines, each of which is preassem-
bled by combining a tower, a nacelle, and wind turbine
blades, are loaded and arranged in a front-rear direction
of a hull and that is self-propelled or towed to a wind-
turbine installation sea area where the ship installs each
wind turbine onto a preinstalled foundation. The offshore
wind-turbine installation ship includes a rail that is pro-
vided on a deck and extends in the front-rear direction
of the hull; a carriage that moves on the rail in a state
where the wind turbine is placed on the carriage; a rail
extension section that extends to a position  above the
foundation located behind the hull and is connectable to
the rail; beam-direction moving means that makes the
rail extension section movable in a beam direction ex-
tending orthogonally to the front-rear direction of the hull;
and vertical-direction moving means that moves in the
vertical direction so as to move the rail extension section
and the beam-direction moving means toward the foun-
dation in the state where the wind turbine is placed on
the carriage and to install the wind turbine onto the foun-
dation. The rail extension section, the beam-direction
moving means, and the vertical-direction moving means
are retractable toward the hull.
[0027] The offshore wind-turbine installation ship ac-
cording to the second aspect of the present invention
performs a so-called integral wind-turbine installation
process in which wind turbines, each of which is preas-
sembled by combining a tower, a nacelle, and wind tur-
bine blades, in their preassembled state are transported
to and installed in a wind-turbine installation sea area.
Therefore, the need for assembling the wind turbines in
the installation area can be eliminated.
Using a crane that hoists a wind turbine from above, as
in the related art, involves some risk since the wind tur-
bine may swing during strong winds, forcing the process
to be  halted. In contrast, in the present invention, the
carriage that moves on the rail in a state where the wind

5 6 



EP 2 641 825 A1

5

5

10

15

20

25

30

35

40

45

50

55

turbine is placed on the carriage is used to convey the
wind turbine, so that the wind turbine can be stably con-
veyed. In order to convey the wind turbine more stably,
a support device that supports the tower at a predeter-
mined height position thereof so as to prevent it from
falling is preferably provided.
By providing the rail extension section that extends to
the position above the foundation located behind the hull
and is connectable to the rail, the carriage can be guided
to the position above the foundation. Moreover, since the
beam-direction moving means that makes the rail exten-
sion section movable in the beam direction is provided,
the positioning of the wind turbine relative to the founda-
tion can be accurately performed.
When installing the wind turbine onto the foundation, the
vertical-direction moving means moves in the vertical di-
rection so as to move the rail extension section and the
beam-direction moving means toward the foundation in
the state where the wind turbine is placed on the carriage
and to install the wind turbine onto the foundation.
Moreover, because the rail extension section, the beam-
direction moving means, and the vertical-direction mov-
ing means are retractable toward the hull, they can be
prevented from hindering the process when positioning
the ship by moving  it closer toward the foundation.
Furthermore, since the wind turbine can be conveyed
without having to employ a configuration that grips and
lifts the tower of the wind turbine, the tower is prevented
from receiving an excessive force.
[0028] A third aspect of the present invention provides
an offshore wind-turbine installation ship on which a plu-
rality of wind turbines, each of which is preassembled by
combining a tower, a nacelle, and wind turbine blades,
are loaded and arranged in a front-rear direction of a hull
and that is self-propelled or towed to a wind-turbine in-
stallation sea area where the ship installs each wind tur-
bine onto a preinstalled foundation. The offshore wind-
turbine installation ship includes a connection bridge that
connects the foundation located behind the hull and a
deck on the hull; and a pushing device that pushes a
lower part of the wind turbine loaded on the deck toward
the foundation. The wind turbine is pushed outward by
the pushing device so as to be conveyed onto the foun-
dation while sliding on the connection bridge.
[0029] The offshore wind-turbine installation ship ac-
cording to the third aspect of the present invention per-
forms a so-called integral wind-turbine installation proc-
ess in which wind turbines, each of which is preassem-
bled by combining a tower, a nacelle, and wind turbine
blades, in their preassembled state are transported to
and installed in a wind-turbine installation sea area.
Therefore, the need for assembling the wind turbines in
the installation area can be eliminated.
Using a crane that hoists a wind turbine from above, as
in the related art, involves some risk since the wind tur-
bine may swing during strong winds, forcing the process
to be halted. In contrast, in the present invention, the
foundation and the deck are connected by the connection

bridge, and the wind turbine is conveyed by sliding on
the connection bridge by the pushing device that pushes
the lower part of the wind turbine toward the foundation,
whereby the wind turbine can be stably conveyed. In or-
der to convey the wind turbine more stably, a support
device that supports the tower at a predetermined height
position thereof so as to prevent it from falling is prefer-
ably provided.
The connection bridge is preferably retractable toward
the hull. Thus, the connection bridge can be prevented
from hindering the process when positioning the ship by
moving it closer toward the foundation. In addition, when
the ship floats and rocks on the water as a result of raising
a jack-up leg after installing the wind turbine on the foun-
dation, a deck extension section and a rail extension sec-
tion can be prevented from coming into contact with the
wind-turbine tower and the foundation.
[0030] In the offshore wind-turbine installation ship ac-
cording to the third aspect of the present invention, a
lower end of the tower of the wind turbine is preferably
provided with an engagement section having a shape
that is engageable with a recess formed in the foundation.
[0031] The lower end of the tower of the wind turbine
is provided with the engagement section having a shape
that is engageable with the recess formed in the founda-
tion. Consequently, when connecting the wind turbine to
the foundation by sliding the wind turbine thereto by using
the pushing device, the engagement section at the lower
end of the tower is brought into engagement with the
recess formed in the foundation so that the wind turbine
and the foundation can be connected to each other,
thereby simplifying the process.
[0032] A fourth aspect of the present invention pro-
vides an offshore wind-turbine installation ship on which
a plurality of wind turbines, each of which is preassem-
bled by combining a tower, a nacelle, and wind turbine
blades, are loaded and arranged in a front-rear direction
of a hull and that is self-propelled or towed to a wind-
turbine installation sea area where the ship installs each
wind turbine onto a preinstalled foundation. The offshore
wind-turbine installation ship  includes a gantry crane that
moves in the front-rear direction of the hull and hoists the
wind turbine. When installing the wind turbine onto the
foundation, the gantry crane supports the wind turbine in
a state where a horizontally-extending girder and the tow-
er of the wind turbine extend crosswise to each other and
moves to a position above the foundation located behind
the hull while hoisting the wind turbine from a lower end
thereof so as to install the wind turbine onto the founda-
tion.
[0033] The offshore wind-turbine installation ship ac-
cording to the fourth aspect of the present invention per-
forms a so-called integral wind-turbine installation proc-
ess in which wind turbines, each of which is preassem-
bled by combining a tower, a nacelle, and wind turbine
blades, in their preassembled state are transported to
and installed in a wind-turbine installation sea area.
Therefore, the need for assembling the wind turbines in
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the installation area can be eliminated.
Using a crane that hoists a wind turbine from above, as
in the related art, involves some risk since the wind tur-
bine may swing during strong winds, forcing the process
to be halted. In contrast, in the present invention, the
gantry crane that hoists the wind turbine from the lower
end thereof is used. In addition, the gantry crane supports
the tower in  a state where the horizontally-extending
girder and the tower extend crosswise to each other so
that the wind turbine is lifted while the tower is supported
at two positions, i.e., the lower end and a predetermined
height position thereof, whereby the wind turbine can be
stably conveyed. Accordingly, with the present invention,
when installing the wind turbine onto the foundation, the
wind turbine can be stably supported and conveyed so
that the process can be prevented from being interrupted
due to strong winds, thereby shortening the installation
process of the wind turbine.
[0034] It is preferable that the offshore wind-turbine in-
stallation ship according to the fourth aspect of the
present invention further include a deck extension sec-
tion that extends to the position above the foundation
located behind the hull. Moreover, it is preferable that the
gantry crane move on the deck extension section and be
guided to the position above the foundation, and the deck
extension section is preferably retractable toward the
hull.
[0035] The deck extension section that extends to the
position above the foundation located behind the hull is
provided such that the gantry crane is guided to the po-
sition above the foundation by being made to move on
this deck extension section. Because the deck extension
section is retractable  toward the hull, the deck extension
section can be prevented from hindering the process
when positioning the ship by moving it closer toward the
foundation. In addition, when the ship floats and rocks
on the water as a result of raising a jack-up leg after
installing the wind turbine on the foundation, the deck
extension section can be prevented from coming into
contact with the wind-turbine tower and the foundation.
[0036] A fifth aspect of the present invention provides
an offshore wind-turbine installation method using an off-
shore wind-turbine installation ship on which a plurality
of wind turbines, each of which is preassembled by com-
bining a tower, a nacelle, and wind turbine blades, are
loaded and arranged in a front-rear direction of a hull and
that is self-propelled or towed to a wind-turbine installa-
tion sea area where the ship installs each wind turbine
onto a preinstalled foundation. The offshore wind-turbine
installation ship includes a handling device that moves
in the front-rear direction of the hull and grips and lifts
the tower of the wind turbine. When installing the wind
turbine onto the foundation, the handling device grips
and lifts the tower of the wind turbine and moves to a
position above the foundation located behind the hull so
as to install the wind turbine onto the foundation.
[0037] The offshore wind-turbine installation method
according  to the fifth aspect of the present invention in-

volves performing a so-called integral wind-turbine in-
stallation process in which wind turbines, each of which
is preassembled by combining a tower, a nacelle, and
wind turbine blades, in their preassembled state are
transported to and installed in a wind-turbine installation
sea area. Therefore, the need for assembling the wind
turbines in the installation area can be eliminated.
Using a crane that hoists a wind turbine from above, as
in the related art, involves some risk since the wind tur-
bine may swing during strong winds, forcing the process
to be halted. In contrast, in the present invention, the
handling device that moves in the front-rear direction of
the hull and grips and lifts the tower of the wind turbine
is provided. Therefore, the wind turbine can be stably
conveyed by gripping the tower of the wind turbine when
installing the wind turbine onto the foundation. The han-
dling device moves to the position above the foundation
located behind the hull and installs the wind turbine onto
the foundation. Accordingly, with the present invention,
when installing the wind turbine onto the foundation, the
wind turbine is stably gripped and conveyed so that the
process can be prevented from being interrupted due to
strong winds, thereby shortening the installation process
of the wind turbine.
[0038]   A sixth aspect of the present invention provides
an offshore wind-turbine installation method using an off-
shore wind-turbine installation ship on which a plurality
of wind turbines, each of which is preassembled by com-
bining a tower, a nacelle, and wind turbine blades, are
loaded and arranged in a front-rear direction of a hull and
that is self-propelled or towed to a wind-turbine installa-
tion sea area where the ship installs each wind turbine
onto a preinstalled foundation. The offshore wind-turbine
installation ship includes a rail that is provided on a deck
and extends in the front-rear direction of the hull; a car-
riage that moves on the rail in a state where the wind
turbine is placed on the carriage; a rail extension section
that extends to a position above the foundation located
behind the hull and is connectable to the rail; beam-di-
rection moving means that makes the rail extension sec-
tion movable in a beam direction extending orthogonally
to the front-rear direction of the hull; and vertical-direction
moving means that moves in the vertical direction so as
to move the rail extension section and the beam-direction
moving means toward the foundation in the state where
the wind turbine is placed on the carriage and to install
the wind turbine onto the foundation. The rail extension
section, the beam-direction moving means, and the ver-
tical-direction moving means are retractable toward the
hull.
[0039] The offshore wind-turbine installation method
according to the sixth aspect of the present invention
involves performing a so-called integral wind-turbine in-
stallation process in which wind turbines, each of which
is preassembled by combining a tower, a nacelle, and
wind turbine blades, in their preassembled state are
transported to and installed in a wind-turbine installation
sea area. Therefore, the need for assembling the wind
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turbines in the installation area can be eliminated.
Using a crane that hoists a wind turbine from above, as
in the related art, involves some risk since the wind tur-
bine may swing during strong winds, forcing the process
to be halted. In contrast, in the present invention, the
carriage that moves on the rail in a state where the wind
turbine is placed on the carriage is used to convey the
wind turbine, so that the wind turbine can be stably con-
veyed. In order to convey the wind turbine more stably,
a support device that supports the tower at a predeter-
mined height position thereof so as to prevent it from
falling is preferably provided.
By providing the rail extension section that extends to
the position above the foundation located behind the hull
and is connectable to the rail, the carriage can be guided
to the position above the foundation. Moreover, since the
beam-direction moving means that makes the rail exten-
sion section  movable in the beam direction is provided,
the positioning of the wind turbine relative to the founda-
tion can be accurately performed.
When installing the wind turbine onto the foundation, the
vertical-direction moving means moves in the vertical di-
rection so as to move the rail extension section and the
beam-direction moving means toward the foundation in
the state where the wind turbine is placed on the carriage
and to install the wind turbine onto the foundation.
Moreover, because the rail extension section, the beam-
direction moving means, and the vertical-direction mov-
ing means are retractable toward the hull, they can be
prevented from hindering the process when positioning
the ship by moving it closer toward the foundation. In
addition, when the ship floats and rocks on the water as
a result of raising a jack-up leg after installing the wind
turbine on the foundation, the rail extension section can
be prevented from coming into contact with the wind tur-
bine and the foundation.
Furthermore, since the wind turbine can be conveyed
without having to employ a configuration that grips and
lifts the tower of the wind turbine, the tower is prevented
from receiving an excessive force.
[0040] A seventh aspect of the present invention pro-
vides an offshore wind-turbine installation method using
an offshore  wind-turbine installation ship on which a plu-
rality of wind turbines, each of which is preassembled by
combining a tower, a nacelle, and wind turbine blades,
are loaded and arranged in a front-rear direction of a hull
and that is self-propelled or towed to a wind-turbine in-
stallation sea area where the ship installs each wind tur-
bine onto a preinstalled foundation. The offshore wind-
turbine installation ship includes a connection bridge that
connects the foundation located behind the hull and a
deck on the hull; and a pushing device that pushes a
lower part of the wind turbine loaded on the deck toward
the foundation. The wind turbine is pushed outward by
the pushing device so as to be conveyed onto the foun-
dation while sliding on the connection bridge.
[0041] The offshore wind-turbine installation method
according to the seventh aspect of the present invention

involves performing a so-called integral wind-turbine in-
stallation process in which wind turbines, each of which
is preassembled by combining a tower, a nacelle, and
wind turbine blades, in their preassembled state are
transported to and installed in a wind-turbine installation
sea area. Therefore, the need for assembling the wind
turbines in the installation area can be eliminated.
Using a crane that hoists a wind turbine from above, as
in the related art, involves some risk since the wind tur-
bine  may swing during strong winds, forcing the process
to be halted. In contrast, in the present invention, the
foundation and the deck are connected by the connection
bridge, and the wind turbine is conveyed by being slid on
the connection bridge by the pushing device that pushes
the lower part of the wind turbine toward the foundation,
whereby the wind turbine can be stably conveyed. In or-
der to convey the wind turbine more stably, a support
device that supports the tower at a predetermined height
position thereof so as to prevent it from falling is prefer-
ably provided.
The connection bridge is preferably retractable toward
the hull. Thus, the connection bridge can be prevented
from hindering the process when positioning the ship by
moving it closer toward the foundation.
[0042] An eighth aspect of the present invention pro-
vides an offshore wind-turbine installation method using
an offshore wind-turbine installation ship on which a plu-
rality of wind turbines, each of which is preassembled by
combining a tower, a nacelle, and wind turbine blades,
are loaded and arranged in a front-rear direction of a hull
and that is self-propelled or towed to a wind-turbine in-
stallation sea area where the ship installs each wind tur-
bine onto a preinstalled foundation. The offshore wind-
turbine installation ship includes a gantry crane that
moves in the front-rear direction of the hull and  hoists
the wind turbine. When installing the wind turbine onto
the foundation, the gantry crane supports the wind tur-
bine in a state where a horizontally-extending girder and
the tower of the wind turbine extend crosswise to each
other and moves to a position above the foundation lo-
cated behind the hull while hoisting the wind turbine from
a lower end thereof so as to install the wind turbine onto
the foundation.
[0043] The offshore wind-turbine installation method
according to the eighth aspect of the present invention
involves performing a so-called integral wind-turbine in-
stallation process in which wind turbines, each of which
is preassembled by combining a tower, a nacelle, and
wind turbine blades, in their preassembled state are
transported to and installed in a wind-turbine installation
sea area. Therefore, the need for assembling the wind
turbines in the installation area can be eliminated.
Using a crane that hoists a wind turbine from above, as
in the related art, involves some risk since the wind tur-
bine may swing during strong winds, forcing the process
to be halted. In contrast, in the present invention, the
gantry crane that hoists the wind turbine from the lower
end thereof is used. In addition, the gantry crane supports
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the tower in a state where the horizontally-extending gird-
er and the tower extend crosswise to each other so that
the wind turbine is  lifted while the tower is supported at
two positions, i.e., the lower end and a predetermined
height position thereof, whereby the wind turbine can be
stably conveyed. Accordingly, with the present invention,
when installing the wind turbine onto the foundation, the
wind turbine can be stably supported and conveyed so
that the process can be prevented from being interrupted
due to strong winds, thereby shortening the installation
process of the wind turbine.

{Advantageous Effects of Invention}

[0044] According to the present invention, since a wind
turbine can be stably conveyed when installing the wind
turbine onto a foundation, the process can be prevented
from being interrupted due to strong winds, thereby short-
ening the installation process of the wind turbine.

{Brief Description of Drawings}

[0045]

{Fig. 1} Fig. 1 is a perspective view illustrating an
offshore wind-turbine installation ship according to
a first embodiment of the present invention, showing
a state where a wind turbine is being hoisted at an
onshore dock.
{Fig. 2} Fig. 2 is a perspective view illustrating a state
where the wind turbine shown in Fig. 1 is loaded onto
the deck of the offshore wind-turbine installation
ship.
{Fig. 3A} Fig. 3A is a perspective view illustrating a
handling device in Fig. 1.
{Fig. 3B} Fig. 3B is a perspective view illustrating the
handling device in Fig. 1 from an angle different from
that in Fig. 3A.
{Fig. 4} Fig. 4 is a front view illustrating a state where
a tower is gripped by the handling device in Figs. 3A
and 3B.
{Fig. 5} Fig. 5 is a side view illustrating a wind-turbine
installation process performed by using the offshore
wind-turbine installation ship in Fig. 1.
{Fig. 6} Fig. 6 is a side view illustrating a state where
rail extension sections are folded away after the wind
turbine is installed.
{Fig. 7} Fig. 7 is a side view of a relevant portion of
an offshore wind-turbine installation ship according
to a second embodiment of the present invention,
showing a wind-turbine installation process.
{Fig. 8} Fig. 8 is a side view illustrating a state where
rail extension sections and a deck extension section
are folded away after the wind turbine is installed.
{Fig. 9A} Fig. 9A is a perspective view illustrating a
handling device in Fig. 7.
{Fig. 9B} Fig. 9B is a side view illustrating a relevant
portion of the handling device in Fig. 7.

{Fig. 10} Fig. 10 is a perspective view illustrating an
offshore wind-turbine installation ship according to
a third  embodiment of the present invention.
{Fig. 11} Fig. 11 is a plan view illustrating rail exten-
sion sections and a beam-direction moving member
provided on a deck extension section.
{Fig. 12A} Fig. 12A is a rear view illustrating a state
where a tower is being lowered toward a foundation,
showing a pre-lowered state thereof.
{Fig. 12B} Fig. 12B is a rear view illustrating a state
where the tower is being lowered toward the foun-
dation, showing a lowered state thereof.
{Fig. 13} Fig. 13 is a perspective view illustrating a
relevant portion of the stern of an offshore wind-tur-
bine installation ship according to a fourth embodi-
ment of the present invention.
{Fig. 14} Fig. 14 is a perspective view illustrating the
relationship between a connection block of a foun-
dation and an engagement section of a tower.
{Fig. 15} Fig. 15 is a perspective view illustrating a
relevant portion of an offshore wind-turbine installa-
tion ship according to a fifth embodiment of the
present invention.
{Fig. 16} Fig. 16 is a perspective view illustrating a
derrick section of a transverse girder of a gantry
crane in Fig. 15.
{Fig. 17} Fig. 17 is a plan view illustrating a process
for allowing a tower of a wind turbine to pass through
the  transverse girder of the gantry crane in Fig. 15.

{Description of Embodiments}

[0046] Embodiments of the present invention will be
described below with reference to the drawings.

{First Embodiment}

[0047] A first embodiment of the present invention will
be described below.
Fig. 1 illustrates an offshore wind-turbine installation ship
1 (simply referred to as "ship 1" hereinafter) according to
this embodiment and shows a state where a wind turbine
3 is being loaded onto the ship 1 at a dock. The ship 1
is of a so-called integral wind-turbine installation type that
transports preassembled wind turbines, in their preas-
sembled state, to a wind-turbine installation sea area and
installs them in the sea area.
[0048] As shown in Fig. 1, each wind turbine 3 is pre-
assembled onshore by combining a tower 5, a nacelle 7,
and wind turbine blades 9, and the wind turbine 3 is load-
ed onto the ship 1. When loading each wind turbine 3
onto the ship 1 from the shore, the wind turbine 3 is hoist-
ed by an onshore mobile crane 10, such as a jib crane.
Fig. 1 illustrates a state where one of the wind turbines
3 is hoisted by the onshore crane 10, and Fig. 2 illustrates
a state where the hoisted  wind turbine 3 is lowered onto
a deck of the ship 1.
The multiple loaded wind turbines 3 are arranged in the
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front-rear direction of the hull. In this embodiment, four
wind turbines can be loaded.
[0049] The ship 1 is a jack-up ship that includes a jack-
up device (not shown) and can secure a scaffold offshore
by lowering a jack-up leg 2 (see Figs. 5 and 6) to the
seafloor.
The ship 1 includes wind-turbine support structures 12
that stand upright on the deck and extend in the front-
rear direction of the hull. The wind-turbine support struc-
tures 12 have a Rahmen structure (a frame structure) or
a trussed structure and are provided at the left and right
sides of the deck. Moreover, the wind-turbine support
structures 12 are provided so as to sandwich the wind
turbines 3 loaded on the deck from the left and right sides.
[0050] Rails 14 extending in the front-rear direction are
provided along the upper edges of the wind-turbine sup-
port structures 12. A handling device 16 is configured to
move on these rails 14.
Rail extension sections 15 extending rearward from the
rails 14 are provided at the rear side (i.e., the right side
in Fig. 1) of the wind-turbine support structures 12. The
rail extension sections 15 are foldable. Figs. 1 and 2  il-
lustrate the rail extension sections 15 in their protruded
state. Fig. 6 illustrates the rail extension sections 15 in
their folded state. Preferably, the rail extension sections
15 are protruded when installing each wind turbine 3 onto
a foundation 30 (see Figs. 5 and 6) and are folded away
at other times, such as when the ship is under sailing or
when a wind turbine 3 is being loaded. Therefore, al-
though Figs. 1 and 2 illustrate the rail extension sections
15 in their protruded state, this is for illustrative purposes
only.
[0051] As shown in Figs. 3A, 3B, and 4, the handling
device 16 is disposed on the rails 14 at the upper edges
of the left and right wind-turbine support structures 12
and moves in a front-rear direction A of the hull. The
handling device 16 includes a pair of left and right first
carriages 18 that move on the rails 14 and a pair of left
and right second carriages 20 that are disposed on the
first carriages 18 and move in a beam direction B extend-
ing orthogonally to the rails 14. Hydraulic cylinders 22
stand upright on the second carriages 20. These hydrau-
lic cylinders 22 make clamp supporters 26, which support
clamps 28, reciprocate in a vertical direction C. Guide
pipes 26a that extend in the vertical direction are fixed
to the clamp supporters 26. The clamp supporters 26 are
moved vertically by being guided by slide guides 24 that
extend through the guide pipes 26a.
Each of the clamps 28 has a semicylindrical inner pe-
ripheral surface. As shown in Fig. 4, by moving the left
and right clamps 28 toward each other, the clamps 28
engage from below with a protrusion 27 secured to the
tower 5 of a wind turbine 3 while sandwiching and grip-
ping the outer peripheral surface of the tower 5 from op-
posite sides. The protrusion 27 secured to the tower 5 is
cylindrical and has a recess 27a at the underside thereof.
The upper edges of the clamps 28 fit into the recess 27a
so that the tower 5 can be lifted. Because the tower 5 is

lifted by engaging the clamps 28 with the protrusion 27
instead of gripping the tower 5 with the frictional force of
the clamps 28 alone, an excessive clamping force is not
necessary, and the synchronization of the front-rear
movement and the left-right movement between the left
and right sides of the handling device 16 can be main-
tained.
While being maintained in this gripped state, the tower 5
is moved upward by the hydraulic cylinders 22 so that
the entire wind turbine 3 can be lifted. Furthermore, by
moving the second carriages 20 in synchronization with
each other in one direction, the wind turbine 3 can be
moved in the beam direction B.
[0052] After multiple wind turbines 3 are loaded at the
dock, as shown in Figs. 1 and 2, the wind turbines 3 are
secured to  corresponding positions of the wind-turbine
support structures 12 (this state is not illustrated). Then,
the ship 1 travels to a wind-turbine installation sea area.
In this case, the ship 1 may be self-propelled or may be
towed by another tugboat.
[0053] When the wind-turbine installation sea area is
reached, a wind-turbine installation process is per-
formed.
First, a positioning process is performed for the ship 1
so that a preinstalled foundation 30 is positioned behind
the hull. In this case, the position and the orientation of
the hull are preferably controlled by a DPS (dynamic po-
sitioning system). After the position of the ship 1 is de-
termined, the jack-up device of the ship 1 is activated
and the lower end of the jack-up leg 2 is lowered to the
seafloor so that the entire ship 1 is lifted, thereby securing
the scaffold.
[0054] Fig. 5 illustrates a state where the foundation
30 is positioned behind the hull, and the scaffold of the
ship 1 is secured by the jack-up device.
Because the wind turbines are secured to the wind-tur-
bine support structures 12 when the ship 1 is under sail-
ing, the secured state is released when a wind turbine is
be installed. Furthermore, the rail extension sections 15
are protruded rearward, as shown in Fig. 5.
Then, the handling device 16 grips the tower 5 of the
wind turbine 3 from a predetermined height position,
which is located above a midsection of the tower 5, so
as to lift the entire wind turbine 3 and move the wind
turbine 3 along the rails 14 and the rail extension sections
15, thereby conveying the wind turbine 3 toward the rear
of the hull. Because the rail extension sections 15 pro-
trude to a position above the foundation 30, the handling
device 16 is guided to the position above the foundation
30. After the wind turbine 3 is guided to the position above
the foundation 30, the second carriages 20 (see Figs.
3A, 3B, and 4) of the handling device 16 move in the
beam direction B so as to accurately position the wind
turbine. Subsequently, the wind turbine 3 is lowered to
the foundation 30, and the wind turbine 3 is connected
to the foundation 30.
[0055] When the wind turbine 3 has been installed on
the foundation 30, the left and right clamps 28 of the
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handling device 16 move away from each other so as to
release the gripped state of the tower 5. The handling
device 16 is then retracted toward the hull by being
moved on the rail extension sections 15 and the rails 14.
After the handling device 16 has been retracted to the
hull, the rail extension sections 15 are folded away, the
jack-up leg 2 is raised, and the ship 1 is moved to another
foundation 30 where the next installation  process is to
be performed. The above-described installation process
is performed for the number of loaded wind turbines 3.
After all of the wind turbines 3 are installed, the ship re-
turns to the home port. At the home port, multiple preas-
sembled wind turbines are loaded onto the ship again,
and the ship travels to the next wind-turbine installation
sea area.
[0056] Accordingly, this embodiment exhibits the fol-
lowing advantages.
The ship 1 performs a so- called integral wind- turbine
installation process in which wind turbines 3, each of
which is preassembled by combining a tower 5, a nacelle
7, and wind turbine blades 9, in their preassembled state
are transported to and installed in a wind- turbine instal-
lation sea area. Therefore, the need for assembling the
wind turbines in the installation area can be eliminated.
Because the handling device 16 that moves in the front-
rear direction of the hull and grips and lifts the tower 5 of
a wind turbine 3 is provided, the wind turbine can be
stably conveyed by gripping the tower 5 thereof when
installing the wind turbine 3 onto the foundation 30. The
handling device 16 moves to the position above the foun-
dation 30 located behind the hull and installs the wind
turbine 3 onto the foundation 30. Accordingly, when in-
stalling the wind turbine 3 onto the  foundation 30, the
wind turbine 3 is stably gripped and conveyed so that the
process can be prevented from being interrupted due to
strong winds, thereby shortening the installation process
of the wind turbine 3.
Furthermore, the rails 14 on which the handling device
16 moves are provided along the upper edges of the
wind- turbine support structures 12. Consequently, the
handling device 16 grips the tower 5 at the predetermined
height position (specifically, a position located above the
midsection) thereof, meaning that the tower 5 can be
gripped at a position located near the center of gravity of
the wind turbine 3, whereby the wind turbine 3 can be
stably conveyed. The height position of the rails 14 is not
limited to the upper edges of the wind- turbine support
structures 12 and may alternatively be located at an in-
termediate height position of the wind- turbine support
structures 12 so long as the position is appropriate for
gripping the tower 5.
Furthermore, the rail extension sections 15 that extend
to the position above the foundation 30 are provided, and
these rail extension sections 15 are retractable toward
the hull. Therefore, when positioning the ship 1 by moving
it closer toward the foundation 30, the rail extension sec-
tions 15 are prevented from hindering the process. In
addition, when the ship 1 floats and rocks on the water

as a result of raising the jack- up leg 2 after installing the
wind turbine 3  on the foundation 30, the rail extension
sections 15 can be prevented from coming into contact
with the wind turbine 3.

{Second Embodiment}

[0057] Next, a second embodiment of the present in-
vention will be described with reference to Figs. 7 to 9B.
This embodiment differs from the first embodiment in the
method for supporting and conveying a wind turbine 3.
Since other points are the same as those in the first em-
bodiment, the following description will be directed to the
differences therefrom. Therefore, this embodiment is
similar to the first embodiment in that a so- called integral
wind- turbine installation process, in which preassembled
wind turbines in their preassembled state are transported
to and installed in a wind- turbine installation sea area,
is performed.
[0058] In this embodiment, a handling device 29 is dis-
posed on the deck and moves in the front-rear direction
of the hull along a deck rail provided on the deck. As
shown in Figs. 9A and 9B, the handling device 29 lifts
the tower 5 of a wind turbine 3 from a lower part thereof.
Specifically, the handling device 29 uses clamps 36 to
engage with a protrusion 35, which is provided below the
tower 5, and the lower end of the tower 5 from below so
as to lift the tower 5. The handling device 29 is similar to
the handling device 16  according to the first embodiment
in that it is movable in the front-rear direction A, the beam
direction B, and the vertical direction C of the hull.
[0059] A support device 31 that grips and supports the
tower 5 of the wind turbine 3 is provided on the rails 14
of the wind-turbine support structures 12. Similar to the
handling device 16 in the first embodiment, the support
device 31 uses left and right clamps to grip and support
the tower 5 from opposite sides. However, since the wind
turbine 3 is lifted by the handling device 29 provided on
the deck, the support device 31 does not have a function
for lifting the wind turbine 3.
[0060] As shown in Figs. 8, 9A, and 9B, a deck exten-
sion section 37 that extends to the position above the
foundation 30 located behind the hull is provided. The
deck extension section 37 is provided with deck-rail ex-
tension sections 38 (see Figs. 9A and 9B) extending from
deck rails 33. The handling device 29 is capable of mov-
ing on the deck extension section 37. As shown in Fig.
8, the deck extension section 37 is retractable toward the
hull.
[0061] This embodiment exhibits the following advan-
tages.
When conveying a wind turbine 3, the handling device
29 lifts the tower 5 from a lower part thereof, and the
support  device 31 supports the tower 5 at a predeter-
mined height position thereof, so that the tower is con-
veyed while being supported at two positions, i.e., the
lower part and the predetermined height position (spe-
cifically, a position located above the midsection), of the
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tower 5, whereby the wind turbine 3 can be stably con-
veyed.
Furthermore, the deck extension section 37 and the
deck-rail extension sections extending to the position
above the foundation 30 are provided in a manner allow-
ing them to be retracted toward the hull. Therefore, when
positioning the ship 1 by moving it closer toward the foun-
dation 30, these extension sections are prevented from
hindering the process. In addition, when the ship 1 floats
and rocks on the water as a result of raising the jack-up
leg 2 after installing the wind turbine 3 on the foundation
30, the deck extension section 37 and the rail extension
sections 15 can be prevented from coming into contact
with the wind turbine 3 and the foundation 30.
Furthermore, when the handling device 29 grips and lifts
the tower of the wind turbine, the handling device 29 en-
gages with the protrusion 35 of the tower and the lower
end of the tower 5 so as to lift the tower 5. Therefore, like
the handling device 16 according to the first embodiment,
an excessive clamping force is not necessary, thereby
preventing the tower from receiving an excessive force.

{Third Embodiment}

[0062] Next, a third embodiment of the present inven-
tion will be described with reference to Figs. 10 to 12B.
This embodiment differs from the second embodiment in
that a carriage 42 is used in place of the handling device
29. Since other points are the same as those in the sec-
ond embodiment, the following description will be direct-
ed to the differences therefrom. Therefore, this embodi-
ment is similar to the first and second embodiments in
that a so- called integral wind- turbine installation proc-
ess, in which preassembled wind turbines in their preas-
sembled state are transported to and installed in a wind-
turbine installation sea area, is performed.
[0063] Fig. 10 illustrates a state where a wind turbine
3 is installed on a foundation 30. Similar to the second
embodiment, the ship 1 includes the rail extension sec-
tions 15 and the support device 31, as shown in Fig. 10.
In this embodiment, the carriage 42 (see Figs. 12A and
12B) that moves on the deck in the front-rear direction
of the hull while the wind turbine 3 is placed thereon con-
veys the wind turbine 3. Specifically, the lower end of the
tower 5 of the wind turbine 3 is placed on the carriage
42. The deck extension section 37 is provided with rail
extension sections  44 that are connectable to the deck
rails 33 provided on the deck. The carriage 42 is movable
on the rail extension sections 44 to a position above the
foundation 30.
The rail extension sections 44 are disposed on a beam-
direction moving member (beam-direction moving
means) 46 that moves in the beam direction. The beam-
direction moving member 46 is constituted of a pair of
beam members that extend in the beam direction (i.e.,
left-right direction in Figs. 11, 12A, and 12B), and each
beam member is provided with wheels 48. The wheels
48 roll on the deck extension section 37 so as to move

the beam-direction moving member 46 and the rail ex-
tension sections 44 in the beam direction.
Furthermore, as shown in Figs. 12A and 12B, the rail
extension sections 44 and the beam-direction moving
member 46 are movable in the vertical direction by ver-
tical-direction moving means (not shown), such as a hy-
draulic jack. As shown in Fig. 12B, an upper surface 50
of the foundation 30 is provided with a recess 49 such
that the rail extension sections 44 and the beam-direction
moving member 46 can fit into a lower area of the upper
surface 50. Consequently, by lowering the rail extension
sections 44 and the beam-direction moving member 46
into the recess 49 by using the vertical-direction moving
means, the lower end of the tower 5 of the wind turbine
3 can be placed on the upper surface 50 of the foundation
30.
[0064] The following description relates to a procedure
for installing the wind turbine 3 onto the foundation 30 by
using the carriage 42.
When loading the wind turbine 3 onto the ship 1 at the
home port, the wind turbine 3 is set on the carriage 42.
When installing the wind turbine 3 onto the foundation
30, the carriage 42 on which the wind turbine 3 is placed
is moved on the deck rails 33 (see Fig. 11) toward the
rear of the hull. Then, the carriage 42 is moved until it
reaches the rail extension sections 44 connected to the
deck rails 33. When the carriage 42 reaches the position
above the foundation 30, the carriage 42 is stopped and
is positionally adjusted in the beam direction by operating
the beam-direction moving member 46. After the wind
turbine 3 is set in position, the rail extension sections 44,
the beam-direction moving member 46, the carriage 42,
and the wind turbine 3 are lowered by the vertical-direc-
tion moving means. Then, in a state where the rail ex-
tension sections 44 and the beam-direction moving mem-
ber 46 are fitted within the recess 49 of the foundation
30, as shown in Fig. 12B, the lower end of the tower 5 of
the wind turbine 3 is placed and set on the upper surface
50 of the foundation 30.
[0065] This embodiment exhibits the following advan-
tages. Because the carriage 42 that moves on the deck
rails 33 and the rail extension sections 44 while a wind
turbine 3 is placed on the carriage 42 conveys the wind
turbine 3, the wind turbine 3 can be stably conveyed.
Moreover, because the upper position of the tower 5 is
supported by the support device 31, the wind turbine 3
can be conveyed more stably.
Furthermore, since a wind turbine can be conveyed with-
out having to employ a configuration that grips and lifts
the tower 5 of the wind turbine 3 (see the first embodi-
ment), the tower is prevented from receiving an exces-
sive force.

{Fourth Embodiment}

[0066] Next, a fourth embodiment of the present inven-
tion will be described with reference to Figs. 13 and 14.
This embodiment differs from the second and third em-
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bodiments in that a pushing device 53 is used when con-
veying a wind turbine 3 toward a foundation 30. Since
other points are the same as those in the second and
third embodiments, the following description will be di-
rected to the differences therefrom. Therefore, this em-
bodiment is similar to the first to third embodiments in
that a so- called integral wind- turbine installation proc-
ess, in which preassembled wind turbines in their preas-
sembled state are transported to and installed in a wind-
turbine installation sea area, is performed.
[0067]   As shown in Fig. 13, the pushing device 53 is
disposed at the stern of the ship 1. The pushing device
53 includes wheels 55 and is movable. The pushing de-
vice 53 is used when conveying a wind turbine 3 con-
veyed to the stern of the ship 1 toward a foundation 30.
Therefore, at the stern of the ship 1, the handling device
16 or 29 and the carriage 42 described in the above em-
bodiments can be used to convey the wind turbine 3.
The pushing device 53 includes hydraulic cylinders 58
that push the lower end of the tower 5 of the wind turbine
3. When pushing the wind turbine 3 outward, the wind
turbine 3 receives a reaction force from a cable 56 fixed
to the main body of the ship 1.
A connection bridge 57 is provided between the founda-
tion 30 and the ship 1. The connection bridge 57 is sur-
face-treated so that the wind turbine 3 can readily slide
thereon. The connection bridge 57 is configured to pro-
trude outward during the installation process of the wind
turbine 3 and is retractable toward the hull when the ship
1 is under sailing.
A connection block 59 is fixed to the upper end of the
foundation 30. The connection block 59 is provided with
a connection recess 60. As shown in Fig. 14, the con-
nection recess 60 has a shape that corresponds to an
engagement section 62 provided at the lower end of the
tower 5 of the wind turbine 3. Moreover, a flange 64 that
covers the rim of  the connection recess 60 from above
is provided so that the engagement section 62 of the
tower 5 can be fitted and temporarily secured to the con-
nection recess 60, whereby the tower can be fixed to the
foundation 30 without having to adjust the position of a
bolt hole (not shown).
[0068] The following description relates to how the
wind turbine 3 is installed onto the foundation 30 by using
the pushing device 53.
The lower end of the tower 5 of the wind turbine 3 is
pushed by the hydraulic cylinders 58 of the pushing de-
vice 53. Thus, the wind turbine 3 is pushed toward the
foundation 30. Although not shown, an upper position of
the tower 5 of the wind turbine 3 is supported by the
support device 31 described in the second embodiment.
When the wind turbine 3 is pushed outward by the push-
ing device 53, the wind turbine 3 slides on the connection
bridge 57 so as to approach the connection block 59 of
the foundation 30 connected to the connection bridge,
and the engagement section 62 of the tower 5 becomes
fitted into the connection recess 60 formed in the con-
nection block 59.

Accordingly, with this embodiment, the wind turbine 3
becomes temporarily secured to the foundation 30 simul-
taneously with the pushing process, whereby the instal-
lation process is simplified.
Moreover, the foundation 30 and the deck are connected
to each other by the connection bridge 57, and the wind
turbine 3 is conveyed by being slid on the connection
bridge 57 by the pushing device 53 that pushes the lower
part of the wind turbine 3 toward the foundation 30,
whereby the wind turbine 3 can be stably conveyed.

{Fifth Embodiment}

[0069] Next, a fifth embodiment of the present inven-
tion will be described with reference to Figs. 15 to 17.
This embodiment differs from the above embodiments in
that a wind turbine 3 is conveyed by using a gantry crane
70. Since other points are the same as those in the above
embodiments, the following description will be directed
to the differences therefrom. Therefore, this embodiment
is similar to the above embodiments in that a so- called
integral wind- turbine installation process, in which pre-
assembled wind turbines in their preassembled state are
transported to and installed in a wind- turbine installation
sea area, is performed.
[0070] The gantry crane 70 is movable in the front-rear
direction of the hull along rails 72 provided on the deck
of the ship 1. Although not shown, a deck extension sec-
tion is provided as in the second embodiment so that the
gantry crane  70 is movable to a position above a foun-
dation. The gantry crane 70 fetches a wind turbine 3 load-
ed on the ship 1, hoists the wind turbine 3, and then in-
stalls the wind turbine 3 onto a foundation.
[0071] The gantry crane 70 includes a moving device
(not shown), left and right upright legs 76, and a trans-
verse girder 74 that connects the upper ends of the two
legs 76. A control room 80 is provided above the trans-
verse girder 74. The control room 80 is movable along
the transverse girder 74.
[0072] A midsection of the transverse girder 74 is pro-
vided with a derrick section 78 that is capable of moving
in a derricking motion. The derrick section 78 is rotatable
about one end thereof acting as a fulcrum. When a wind
turbine 3 is not to be conveyed, the derrick section 78 is
set in a horizontal position so as to be linearly connected
to the transverse girder 74. When a wind turbine 3 is to
be conveyed, the derrick section 78 is set in a vertical
position. Fig. 15 illustrates the derrick section 78 in the
vertical position. In this position, the wind turbine 3 can
pass through the transverse girder 74.
Fig. 16 also illustrates the derrick section 16 in the vertical
position. As shown in Fig. 16, the derrick section 78 is
made to move in a derricking motion by a hydraulic  cyl-
inder 81. Reference numeral 82 in Fig. 16 denotes a rail
for moving the control room 80. Extendable rods 84 are
provided below the derrick section 78.
[0073] As shown in Fig. 17, there are two extendable
rods 84 arranged parallel to each other in the moving
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direction of the gantry crane 70 and are capable of ex-
tending from one segment of the transverse girder 74 to
the other opposing segment of the transverse girder 74
by means of oil pressure from hydraulic cylinders 86. The
extendable rods 84 are normally in an extended state to
connect the two segments of the transverse girder 74 but
are contracted when allowing the tower 5 of the wind
turbine 3 to pass through the transverse girder 74. Spe-
cifically, as shown in Fig. 17, when the tower 5 is at po-
sition a, the two extendable rods 84a and 84b extend so
as to connect to the opposing segments of the transverse
girder 74. When the gantry crane 70 moves to fetch the
wind turbine 3, the right extendable rod 84a is contracted
so that the tower 5 can be moved to position b. When
the gantry crane 70 moves further so that the tower 5 is
moved to position c, the right extendable rod 84 extends
so as to connect to the opposing segment of the trans-
verse girder 74. When the tower 5 is at position c, the
tower 5 extends crosswise to the transverse girder 74
such that the tower 5 is supported in a sandwiched state
between the extendable rods 84a and 84b. Consequent-
ly, the tower 5 is prevented from falling. This state in
which the tower 5 and the transverse girder 74 extend
crosswise to each other is schematically illustrated in Fig.
15.
[0074] As shown in Fig. 15, the weight of the wind tur-
bine 3 is received by hoist cables 88 hanging downward
from the transverse girder 74. The lower ends of the hoist
cables 88 are connected to the lower end of the tower 5
and hoist the wind turbine 3 from a lower part thereof.
The hoist cables 88 can be wound and unwound by wind-
ing drums (not shown) provided in the transverse girder
74 so that the hoisted wind turbine 3 can be moved in
the vertical direction. The lower end of the wind turbine
3 is also secured to three cables 90 so that swinging of
the lower end of the wind turbine 3 is suppressed.
[0075] As shown in Fig. 17, after installing the wind
turbine 3 onto the foundation, the left extendable rod 84b
is contracted so that the tower 5 can be moved to position
d. Then, when the gantry crane 70 moves further so that
the tower 5 is moved to position e, the left extendable
rod 84b extends so as to connect to the opposing seg-
ment of the transverse girder 74. Accordingly, after in-
stalling the wind turbine, the gantry crane 70 moves away
from the wind turbine 3 so as to return toward the hull.
[0076] This embodiment exhibits the following advan-
tages.
The gantry crane 70 that hoists the wind turbine 3 from
the lower end thereof is used, and the tower 5 is support-
ed in a state where the tower 5 and the horizontally-ex-
tending transverse girder 74 of the gantry crane 70 ex-
tend crosswise to each other. Therefore, the wind turbine
is lifted while the tower 5 is supported at two positions,
i.e., the lower end and a predetermined height position
thereof, whereby the wind turbine can be stably con-
veyed. Accordingly, when installing the wind turbine 3
onto the foundation, the wind turbine 3 can be stably sup-
ported and conveyed so that the process can be prevent-

ed from being interrupted due to strong winds, thereby
shortening the installation process of the wind turbine.

{Reference Signs List}

[0077]

1 ship (offshore wind-turbine installation ship)
3 wind turbine
5 tower
12 wind-turbine support structure
14 rail
15 rail extension section
16, 29 handling device
30 foundation
31 support device
37 deck extension section
42 carriage
53 pushing device
57 connection bridge
70 gantry crane

Claims

1. An offshore wind-turbine installation ship on which
a plurality of wind turbines, each of which is preas-
sembled by combining a tower, a nacelle, and wind
turbine blades, are loaded and arranged in a front-
rear direction of a hull and that is self-propelled or
towed to a wind-turbine installation sea area where
the ship installs each wind turbine onto a preinstalled
foundation, the ship comprising:

a handling device that moves in the front-rear
direction of the hull and grips and lifts the tower
of the wind turbine,
wherein, when installing the wind turbine onto
the foundation, the handling device grips and
lifts the tower of the wind turbine and moves to
a position above the foundation located behind
the hull so as to install the wind turbine onto the
foundation.

2. The offshore wind-turbine installation ship according
to Claim 1, further comprising a wind-turbine support
structure that stands upright on a deck and extends
in the front-rear direction of the hull, the wind-turbine
support structure supporting the wind turbines load-
ed on the deck,
wherein the handling device moves on a rail provided
at a predetermined height position of the wind-tur-
bine support structure.

3. The offshore wind-turbine installation ship according
to Claim 2, wherein the wind-turbine support struc-
ture is provided with a rail extension section extend-
ing from the rail to the position above the foundation
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located behind the hull, and
wherein the rail extension section is retractable to-
ward the hull.

4. The offshore wind-turbine installation ship according
to Claim 1, further comprising:

a wind-turbine support structure that stands up-
right on a deck and extends in the front-rear di-
rection of the hull, the wind-turbine support
structure supporting the wind turbines loaded on
the deck; and
a support device that supports the tower of the
wind turbine while moving on a structure rail that
is provided at a predetermined height position
of the wind-turbine support structure and ex-
tends in the front-rear direction of the hull,
wherein the handling device moves on a deck
rail provided on the deck, and
wherein, when conveying the wind turbine, the
handling device lifts the tower from a lower part
thereof, and the support device supports the
tower at a predetermined height position there-
of.

5. The offshore wind-turbine installation ship according
to Claim 4, wherein the wind-turbine support struc-
ture is provided with a structure-rail extension sec-
tion extending from the structure rail to the position
above the foundation located behind the hull,
wherein the deck includes a deck extension section
that extends to the position above the foundation lo-
cated behind the hull,
wherein the deck extension section is provided with
a deck-rail extension section extending from the
deck rail toward a stern, and
wherein the structure-rail extension section, the deck
extension section, and the deck-rail extension sec-
tion are retractable toward the hull.

6. The offshore wind-turbine installation ship according
to any one of Claims 1 to 5, wherein the handling
device is movable in a beam direction extending or-
thogonally to the front-rear direction of the hull.

7. The offshore wind-turbine installation ship according
to any one of Claims 4 to 6, wherein the support
device moves by following the position of the han-
dling device.

8.  An offshore wind-turbine installation ship on which
a plurality of wind turbines, each of which is preas-
sembled by combining a tower, a nacelle, and wind
turbine blades, are loaded and arranged in a front-
rear direction of a hull and that is self-propelled or
towed to a wind-turbine installation sea area where
the ship installs each wind turbine onto a preinstalled
foundation, the ship comprising:

a rail that is provided on a deck and extends in
the front-rear direction of the hull;
a carriage that moves on the rail in a state where
the wind turbine is placed on the carriage;
a rail extension section that extends to a position
above the foundation located behind the hull and
is connectable to the rail;
beam-direction moving means that makes the
rail extension section movable in a beam direc-
tion extending orthogonally to the front-rear di-
rection of the hull; and
vertical-direction moving means that moves in
the vertical direction so as to move the rail ex-
tension section and the beam-direction moving
means toward the foundation in the state where
the wind turbine is placed on the carriage and
to install the wind turbine onto the foundation,
wherein the rail extension section, the beam-
direction moving means, and the vertical-direc-
tion moving means are retractable toward the
hull.

9. An offshore wind-turbine installation ship on which
a plurality of wind turbines, each of which is preas-
sembled by combining a tower, a nacelle, and wind
turbine blades, are loaded and arranged in a front-
rear direction of a hull and that is self-propelled or
towed to a wind-turbine installation sea area where
the ship installs each wind turbine onto a preinstalled
foundation, the ship comprising:

a connection bridge that connects the founda-
tion located behind the hull and a deck on the
hull; and
a pushing device that pushes a lower part of the
wind turbine loaded on the deck toward the foun-
dation,
wherein the wind turbine is pushed outward by
the pushing device so as to be conveyed onto
the foundation while sliding on the connection
bridge.

10. The offshore wind-turbine installation ship according
to Claim 9, wherein a lower end of the tower of the
wind turbine is provided with an engagement section
having a shape that is engageable with a recess
formed in the foundation.

11. An offshore wind-turbine installation ship on which
a plurality of wind turbines, each of which is preas-
sembled by combining a tower, a nacelle, and wind
turbine blades, are loaded and arranged in a front-
rear direction of a hull and  that is self-propelled or
towed to a wind-turbine installation sea area where
the ship installs each wind turbine onto a preinstalled
foundation, the ship comprising:

a gantry crane that moves in the front-rear di-
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rection of the hull and hoists the wind turbine,
wherein, when installing the wind turbine onto
the foundation, the gantry crane supports the
wind turbine in a state where a horizontally-ex-
tending girder and the tower of the wind turbine
extend crosswise to each other and moves to a
position above the foundation located behind
the hull while hoisting the wind turbine from a
lower end thereof so as to install the wind turbine
onto the foundation.

12. The offshore wind-turbine installation ship according
to Claim 11, further comprising a deck extension sec-
tion that extends to the position above the foundation
located behind the hull,
wherein the gantry crane moves on the deck exten-
sion section and is guided to the position above the
foundation, and
wherein the deck extension section is retractable to-
ward the hull.

13. An offshore wind-turbine installation method using
an offshore wind-turbine installation ship on which a
plurality  of wind turbines, each of which is preas-
sembled by combining a tower, a nacelle, and wind
turbine blades, are loaded and arranged in a front-
rear direction of a hull and that is self-propelled or
towed to a wind-turbine installation sea area where
the ship installs each wind turbine onto a preinstalled
foundation,
wherein the offshore wind-turbine installation ship
includes a handling device that moves in the front-
rear direction of the hull and grips and lifts the tower
of the wind turbine, and
wherein, when installing the wind turbine onto the
foundation, the handling device grips and lifts the
tower of the wind turbine and moves to a position
above the foundation located behind the hull so as
to install the wind turbine onto the foundation.

14. An offshore wind-turbine installation method using
an offshore wind-turbine installation ship on which a
plurality of wind turbines, each of which is preassem-
bled by combining a tower, a nacelle, and wind tur-
bine blades, are loaded and arranged in a front-rear
direction of a hull and that is self-propelled or towed
to a wind-turbine installation sea area where the ship
installs each wind turbine onto a preinstalled foun-
dation,
wherein the offshore wind-turbine installation ship
includes:

a rail that is provided on a deck and extends in
the front-rear direction of the hull;
a carriage that moves on the rail in a state where
the wind turbine is placed on the carriage;
a rail extension section that extends to a position
above the foundation located behind the hull and

is connectable to the rail;
beam-direction moving means that makes the
rail extension section movable in a beam direc-
tion extending orthogonally to the front-rear di-
rection of the hull; and
vertical-direction moving means that moves in
the vertical direction so as to move the rail ex-
tension section and the beam-direction moving
means toward the foundation in the state where
the wind turbine is placed on the carriage and
to install the wind turbine onto the foundation,
and
wherein the rail extension section, the beam-
direction moving means, and the vertical-direc-
tion moving means are retractable toward the
hull.

15. An offshore wind-turbine installation method using
an offshore wind-turbine installation ship on which a
plurality of wind turbines, each of which is preassem-
bled by combining a tower, a nacelle, and wind tur-
bine blades, are loaded and arranged in a front-rear
direction of a hull and that is self-propelled  or towed
to a wind-turbine installation sea area where the ship
installs each wind turbine onto a preinstalled foun-
dation,
wherein the offshore wind-turbine installation ship
includes:

a connection bridge that connects the founda-
tion located behind the hull and a deck on the
hull; and
a pushing device that pushes a lower part of the
wind turbine loaded on the deck toward the foun-
dation, and
wherein the wind turbine is pushed outward by
the pushing device so as to be conveyed onto
the foundation while sliding on the connection
bridge.

16. An offshore wind-turbine installation method using
an offshore wind-turbine installation ship on which a
plurality of wind turbines, each of which is preassem-
bled by combining a tower, a nacelle, and wind tur-
bine blades, are loaded and arranged in a front-rear
direction of a hull and that is self-propelled or towed
to a wind-turbine installation sea area where the ship
installs each wind turbine onto a preinstalled foun-
dation,
wherein the offshore wind-turbine installation ship
includes a gantry crane that moves in the front-rear
direction of the hull and hoists the wind turbine, and
wherein, when installing the wind turbine onto the
foundation, the gantry crane supports the wind tur-
bine in a state where a horizontally-extending girder
and the tower of the wind turbine extend crosswise
to each other and moves to a position above the
foundation located behind the hull while hoisting the
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wind turbine from a lower end thereof so as to install
the wind turbine onto the foundation.
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