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DESCRIPTION
FIELD

[0001] The present application relates to the field of an offshore wind turbine, and in particular 
to a flare-type tension leg floating wind turbine foundation, an offshore wind turbine including 
the floating wind turbine foundation and a method for installing and constructing the offshore 
wind turbine.

BACKGROUND

[0002] In deep sea areas with a depth greater than 50 meters, developable wind resources 
are more and have higher quality, and the market prospect is broader. To develop the deep 
sea wind farm at these sea areas, the method of fixing various through piles at the sea bed, 
which is generally adopted in the offshore wind farms, has no advantage, the reason is that, as 
the water depth increases, the cost of a stationary platform rises perpendicularly, and the costs 
of construction and maintenance of the stationary offshore wind turbine are higher than those 
ofthe floating offshore wind turbine. Hence, in order to facilitate constructing the offshore wind 
farm in the deep sea areas, an economical and practical floating wind turbine is required to be 
developed. A key subject in developing a floating wind turbine is to develop a floating wind 
turbine foundation having a good movement performance, a compact structure and economic 
practicality.

[0003] The load applied on the floating wind turbine foundation used in the offshore wind 
power field is different from that the load applied on a mobile platform in the conventional 
offshore oil engineering. In addition to the combined effect from wind, waves and currents, the 
floating offshore wind turbine foundation also is subjected to a gyroscopic effect caused by the 
high-rise structure of the wind turbine, overturning moments Mx, My and a torque Mz around 
the vertical axis; the whole wind turbine will generate a violent movement in six degrees of 
freedom including axial movements along X, Y and Z axes and swings around the X, Y and Z 
axes, which causes a great challenge for the pitch control and yaw control system of the wind 
turbine, and may affect the normal operation of the wind turbine, affect the energy output, and 
even endanger the safety of the whole system structure.

[0004] Presently, according to the need for developing the deep sea wind farms, the deep sea 
floating oil platform commonly used in the sea oil industry has been employed in the wind 
power field, and various forms of floating wind turbines are developed, including a single pole 
platform (SPAR) form, a semi-submersible platform form, a tension leg platform (TLP) form 
and other complex forms. So far, about three floating wind turbine projects have been 
constructed worldwide, which are Hywind, Blue H and Windfloat. Hywind project is successfully 
developed by the Statoil Hydro, the Technip and the Siemens jointly and is constructed at the
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North Sea close to Norway in 2009. The basic concept in Hywind project is SPAR, the floating 
structure is an elongated steel pipe with a length of about 117 meters, and the steel pipe has 
one end connected to a foundation and another end connected to a wind turbine flange. Steel 
pipes filled by a ballast tank are transmitted to an installation site and stand on the sea surface, 
and the whole floating body is connected to the sea bed via three mooring anchor cables. In 
2007, the Blue H Company of Holland installs a double-blade wind turbine prototype at the 
costal area of Italy, which uses the tension leg platform design; and the buoyancy of the 
platform is arranged to be greater than its gravity, the tension legs are always in a tensioned 
state to maintain the stability of the platform. At the end of 2011, the Principle Power, the 
Vestas and the EDP cooperate to complete the Windfloat project at the west coast of Portugal, 
the floating foundation is semi-submersible and the main body of the floating foundation is 
consisted by three floating cylinders, and the wind turbine stands on one of the floating 
cylinders; the dynamic ballast water can offset the wind heeling moment automatically, and the 
bottom of the wind turbine is fixed to the sea bed, with a depth greater than 50 meters, via four 
catenary cables.

[0005] In US2010074693 A1, an offshore platform includes a buoyant hull comprising three or 
more interconnected pontoons and a plurality of support columns. The support columns 
support a deck or structure that supports equipment and/or payloads above a water surface. 
The support columns extend upwardly from respective ends of the pontoons to the deck or 
structure supported above the water surface. Anchoring members anchor the platform to the 
seabed;

[0006] In EP2479101 A1, a support 2 has a supporting mast 3 whose upper part is associated 
with a nacelle 4 of an offshore structure 1 and lower part is associated with floats 5 formed 
from metal tubes comprising cylindrical elongated metal tube portions 6-8. The floats comprise 
floating sleeves 10-12 fitted on the corresponding metal tube portions of the floats. The floating 
sleeves are formed of rings arranged on one another, where the rings are formed of 
elementary ring sectors. The floating sleeves are made of plastic material, and are arranged in 
an external envelope;

[0007] In W02009064737 A1, a floating power generation assembly has at least three floating 
units provided with power generation means and floating in a body of water. At least one of the 
three floating units is a tension leg platform. The assembly also comprises first anchors 
secured to a surface beneath the water, and first cables connecting the buoyant body to the 
first anchors. Second anchors are secured to the underwater surface and connected by 
second cables to the floating units. The floating units are arranged substantially at the vertices 
of at least one triangle or quadrilateral;

[0008] In US2012318186 A1, a floating support for an offshore structure such as a wind
generator in particular, of the type including an element in the form of a support mast 16, the
upper part of winch is associated with the structure and the lower part of winch is associated
with elements 18 in the form of float and with ballast-forming elements 17, is characterized in
that the elements 18 in the form of a float have an overall shape winch widens out from the
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lower part of the element 16 in the form of a mast, allowing two stable positions of the support 
to be defined, one of the positions being a lying-down position and the other a position 
standing up on the elements in the form of a float;

[0009] In US4481899 A, a floating platform structure includes a deck section and a support 
section supporting the deck section. The floating structure is manufactured in the shape of a 
trussed girder having an upper chord and a lower chord which are connected with one another 
by girder members and having a vertical cross section substantially in the shape of a triangle 
having an apex pointing downwardly, the deck section of the platform structure being provided 
by the upper chords of the girder. The buoyancy means of the platform structure are found in 
the upper portions of the girder members and the ballast means in the lower portions of the 
girder members and optionally in the lower girder chord. The support section comprises 
groups of at least three girder members each, said members converging from the deck 
downwardly towards a common point and being fixedly connected with one another in a 
junction point in or adjacent the convergency point. In an advantageous embodiment of the 
invention each group of girder members comprises four members presenting an upside down 
orientated pyramid, and two of the girder members in each pyramid meet two corresponding 
girder members of an adjacent girder member pyramid or group at the deck section.

[0010] However, the floating wind turbine projects described above generally have the 
following disadvantages, the costs of manufacturing, transporting and installing are high, the 
movement performance is not good, the structure is complicated and the service life is not 
long.

SUMMARY

[0011] An object of the present application is to provide a flare-type tension leg floating wind 
turbine foundation which can be installed integrally and be suitable for being towed as a whole, 
and an offshore wind turbine.

[0012] Another object of the present application is to provide a flare-type tension leg floating 
wind turbine foundation having a good movement performance, and an offshore wind turbine.

[0013] Another object of the present application is to provide a flare-type tension leg floating 
wind turbine foundation with a reduced manufacturing and installing cost, and an offshore wind 
turbine.

[0014] Another object of the present application is to provide a method for installing and 
constructing an offshore wind turbine which is convenient, quick and has a low cost.

[0015] In order to achieve the above objects, a flare-type tension leg floating wind turbine
foundation is provided, which includes a top support platform configured to support a tower
frame, a blade and a wind turbine generator set; a bottom support structure connected to a
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plurality of tension legs; at least three hollow upright columns connected between the top 
support platform and the bottom support structure and arranged around a vertical center line 
of the floating wind turbine foundation, each of the at least three upright columns being inclined 
outward from a lower end to an upper end with respect to the vertical center line of the floating 
wind turbine foundation; and a ballast adjusting system provided in the upright columns and/or 
the bottom support structure.

[0016] The bottom support structure may be formed by a polygonal pontoon having a plurality 
of outward protruding portions. The polygonal pontoon has a plurality of outward protruding 
portions, and bottoms of the upright columns are provided on the outward protruding portions 
respectively.

[0017] A hole may be formed in a central portion of the polygonal pontoon.

[0018] An included angle between each of the upright columns and a vertical direction ranges 
from 5 degrees to 15 degrees.

[0019] The bottom support structure may be formed by a truss structure.

[0020] The polygonal pontoon may be a Y-shaped pontoon having a Y-shaped planar shape.

[0021] The ballast adjusting system may be provided at the bottom of each of the upright 
columns.

[0022] An outward protruding fairlead is formed at an end of each of the outward protruding 
portions of the polygonal pontoon, and the tension legs are connected to the polygonal 
pontoon by the respective outward protruding fairlead. The outward protruding fairlead is 
connected to the tension legs via a universal joint.

[0023] The outward protruding fairlead is connected to the tension legs via a universal joint.

[0024] The outward protruding fairlead is located at an outer side of each of the upright 
columns, and at least two tension legs are connected to the outward protruding fairlead at the 
outer side of each of the upright columns.

[0025] An outward protruding horizontal length of the outward protruding fairlead is 0.5 to 1.5 
times of a maximum outer diameter of the upright column.

[0026] The truss structure may have a polygonal planar shape, and fairleads are provided at 
outward protruding edges of the truss structure and are connected to the tension legs via 
universal joints.

[0027] The upright columns may be arranged symmetrically with respect to a center of the
floating wind turbine foundation.
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[0028] At least one of the upright columns may have a rounded rectangle cross section.

[0029] At least one of the upright columns may have a circular or elliptical cross section.

[0030] A ballast medium of the ballast adjusting system may be seawater or a combination of 
seawater and gravel.

[0031] The top support platform may be formed by a polygonal box-type structure, and an 
internal space for installing an auxiliary device may be formed inside the top support platform.

[0032] The top support platform may be formed by a Y-shaped box-type structure.

[0033] The top support platform may be formed by a truss structure.

[0034] The hole may have a polygonal cross section.

[0035] The floating wind turbine foundation may further include a tower frame support base 
provided on the top support platform.

[0036] The tower frame support base may include a support tube installed on the top support 
platform; and a plurality of support rods arranged to surround the support tube, and each of 
the support rods has one end connected to an upper portion of the support tube and another 
end connected to the top support platform, to obliquely support the support tube.

[0037] A space for installing an auxiliary device may be formed inside the support tube.

[0038] The bottom of the tower frame may be installed at the top of the support tube via a 
flange.

[0039] A tower frame support base may be installed at a center of the top support platform to 
support the bottom of the tower frame.

[0040] The tension legs may be formed by at least one of a steel cable, a polyester fiber cable, 
a steel pipe, a polyurethane cable and an anchor chain.

[0041] According to another aspect of the present application, an offshore wind turbine is 
further provided, which includes the flare-type tension leg floating wind turbine foundation 
described above and a tower frame, a blade and a wind turbine generator set installed on the 
floating wind turbine foundation.

[0042] The bottom of the tower frame may be connected to the flare-type tension leg floating
wind turbine foundation via a flange.
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[0043] Outward protruding fairleads are formed at outer edges of the bottom support structure 
to be connected to the tension legs. The outward protruding fairleads may be connected to the 
tension legs via universal joints.

[0044] According to another aspect of the present application, a method for installing and 
constructing an offshore wind turbine is further provided, which includes the following steps: 
assembling, at a dock of a port, the flare-type tension leg floating wind turbine foundation, a 
tower frame, a blade and a wind turbine generator set, to form a whole floating offshore wind 
turbine; wet-towing the whole floating offshore wind turbine to an offshore installation site by a 
towboat; and anchoring the tension legs to the sea bed.

[0045] During the process of assembling and fixing the whole floating offshore wind turbine, 
the ballast adjusting system may be used to maintain the whole floating offshore wind turbine 
in a stable state.

[0046] During the process of assembling, the tension legs may be connected to the flare-type 
tension leg floating wind turbine foundation.

[0047] The tension legs may be connected after the whole floating offshore wind turbine is 
wet-towed to an offshore installation site by a towboat.

[0048] In the present application, since the floating wind turbine foundation includes outward- 
inclined upright columns, the static stability and the seakeeping are good in towage, thereby 
overcoming the shortage that the conventional tension leg platform can not be wet-towed and 
installed as a whole, avoiding using an expensive large offshore installation vessel, and 
reducing the cost of installation and construction. Since the upright columns are inclined 
outward, the size of the upright columns may be decreased appropriately while still generating 
the same buoyancy as that of the conventional vertical upright columns, thereby reducing the 
steel amount and reducing the structural cost of the floating wind turbine foundation. In 
addition, since the outward-inclined upright columns are used, additional mass and additional 
damping ofthe whole floating wind turbine system for swaying/surging are efficiently increased, 
thereby overcoming the shortage that a horizontal movement range of the conventional 
tension leg platform is too large, and ensuring that the wind turbine is not affected by the wake 
flow to increase the generating capacity. In addition, additional mass and additional damping 
for yawing are increased efficiently, thereby reducing a movement range for yawing, ensuring 
that the wind turbine faces the wind, and improving the generating capacity.

[0049] In the present application, since the outward protruding fairleads are used, the 
arrangement sizes of the upright columns and the bottom pontoon may be reduced, thereby 
saving steel material, reducing the number of tension legs, and further reducing the cost. In 
addition, the outward protruding fairleads increase the moment arm and increase the restoring 
moment in rolling/pitching, thus the whole foundation has a better movement performance, and 
the swing angle is decreased by at least 25% as compared with the existing similar 
technologies.
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[0050] In the present application, the upright columns and the bottom pontoon of the floating 
wind turbine foundation each have a rectangular cross section, thus have a simple 
manufacturing process, can be manufactured conveniently and is easy to implement. The 
floating wind turbine foundation may be constructed on the dock or the slipway without 
complicated aloft work; the whole floating wind turbine can be assembled by a land hoist at the 
dock of the shore, then is towed (wet-towed) to an installation site as a whole, and is positioned 
by mooring.

[0051] The flare-type tension leg floating wind turbine foundation according to the present 
application has a good movement performance, and has a lower cost than the conventional 
floating wind turbine foundation, is suitable for the sea area with a water depth greater than 30 
meters, particularly suitable for the sea area with a medium water depth ranging from 30 
meters to 60 meters. The flare-type tension leg floating wind turbine foundation has 
competitive performance and cost as compared with the conventional jacket foundation, and 
can carry a wind turbine above a 5MW level, and can ensure the structure strength and the 
fatigue life of the whole wind turbine, ensure the wind turbine to operate normally to generate 
electricity, and have particular advantages, for example, having a good mobility, being 
convenient to transport and maintain, having a good recyclability, and having a little influence 
to the environment in assembling and disassembling. In addition, due to the appearance 
characteristic of the flare-type tension leg floating wind turbine foundation and a large tension 
force of the tension legs according to the present application, the movement period of 
rolling/pitching and heaving of the whole foundation is less than 3 seconds, which avoids a 
period range of 3 to 20s of the energy concentration of waves, avoids a fundamental frequency 
of the tower frame, and also avoids the 1P, 3P frequency range of the wind turbine, thereby 
efficiently reducing the resonance response of the whole floating wind turbine system, reducing 
the limit load level and the fatigue load level of the whole wind turbine, and ensuring the safe 
and reliable operation of the wind turbine.

[0052] In the present application, since the technology of combining the outward-inclined 
upright columns and the outward protruding fairleads is used, the rolling/pitching movement 
range of the whole floating wind turbine system is reduced obviously, thereby decreasing an 
included angle between the wind flow and the blades, and increasing the generating capacity 
of the wind turbine below a rated wind speed.

[0053] In the present application, since the technology of combining the outward-inclined 
upright columns and the outward protruding fairleads is used, the outward-inclined upright 
columns may provide a great rolling/pitching auxiliary recovery force similar to the semi
submersible foundation, thereby reducing a risk that the tension legs become slack, reducing 
the tension force of the tension legs, reducing a risk of fatigue damage of the fairleads, and 
overcoming the disaster which may be caused in the case that the tension legs of the 
conventional tension leg platform become slack and the shortage that the fairleads are apt to 
be fatigue and damaged due to a high stress.
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[0054] In the present application, the flare-type tension leg floating foundation avoids using the 
conventional jacket nodes, thereby reducing the fatigue damage and ensuring the fatigue life 
of the whole structure.

[0055] In the present application, the tension legs connected to the flare-type tension leg 
floating foundation are made by a polyurethane cable or a steel cable, thereby reducing the 
mooring cost and construction difficulty.

[0056] In the present application, the flare-type tension leg floating wind turbine foundation is 
further equipped with a pressure-adjustable ballast water system, i.e., a ballast adjusting 
system, thus, the stability requirement in various working conditions, for example assembling 
close to shore, towage and an on-site working condition, can be met, and it also allows to 
perform an offshore construction conveniently in various working conditions.

[0057] The flare-type tension leg floating wind turbine foundation according to the present 
application has characteristics of having a simple structure, being convenient to manufacture, 
having a low cost and being easy to implement. As an important marine equipment for 
developing the deep sea wind farm, the flare-type tension leg floating wind turbine foundation 
in the present application can support a large capacity wind turbine set having a capacity 
above 5MW to operate safely.

[0058] With the flare-type tension leg floating wind turbine foundation according to the present 
application, the corresponding offshore wind turbine has an obvious advantage of being easy 
to install and construct. When the whole unit is assembled at the dock of the port on the bank, 
the ballast water in the three upright columns and the bottom pontoon is adjusted, to allow the 
draft of the floating wind turbine foundation to meet the assembling requirement of the whole 
floating structure, and in this case the draft is shallow (not exceeding 8 meters); the ballast 
water is adjusted to a certain draft after the assembling is finished, the whole unit is wet-towed 
to an installation site, a valve in communication with the interior of the bottom pontoon may be 
switched on to pour into ballast water, then the tension legs are connected, and the ballast 
water is discharged by the ballast adjusting system until the tension legs become tense by the 
designed draft. Thus, the whole operation is simple and convenient, and the cost is low.

BRIEF DESCRIPTION OF THE DRAWINGS

[0059] The above and other objects and features of the present application will become 
apparent according to the following description in conjunction with the drawings. In which,

Figure 1 is a perspective view showing an offshore wind turbine including a flare-type tension 
leg floating wind turbine foundation according to a first embodiment of the present application;

Figure 2 is a perspective view showing the flare-type tension leg floating wind turbine
foundation according to the first embodiment of the present application;
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Figure 3 is a perspective view showing a tower frame support base of the flare-type tension leg 
floating wind turbine foundation according to the first embodiment of the present application;

Figure 4 is a perspective view showing upright columns and a bottom pontoon of the flare-type 
tension leg floating wind turbine foundation according to the first embodiment of the present 
application;

Figure 5 is a perspective view showing an offshore wind turbine including a flare-type tension 
leg floating wind turbine foundation according to a second embodiment of the present 
application; and

Figure 6 is a perspective view showing the offshore wind turbine including the flare-type 
tension leg floating wind turbine foundation according to the second embodiment of the 
present application, in which a wind turbine generator set and blades are omitted.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0060] Hereinafter, embodiments of the present application are described in detail in 
conjunction with the drawings.

[0061] As shown in Figure 1, the offshore wind turbine 100 mainly includes the flare-type 
tension leg floating wind turbine foundation 4, a tower frame 3, blades 1 and a wind turbine 
generator set 2. The floating wind turbine foundation 4 is anchored to the sea bed (not shown) 
via tension legs 5. The blades 1 and the wind turbine generator set 1 are installed at the top of 
the tower frame 3, and the bottom of the tower frame 3 is connected to the floating wind 
turbine foundation 4, thus the wind turbine generator set 2 and the blades 1 can be supported 
by the floating wind turbine foundation 4 to operate normally, thereby generating electricity.

[0062] Hereinafter, the structural features of the flare-type tension leg floating wind turbine 
foundation 4 according to the first embodiment of the present application is described in detail 
in conjunction with Figure 2 to Figure 4.

[0063] As shown in Figure 2 to Figure 4, the flare-type tension leg floating wind turbine 
foundation 4 according to the first embodiment of the present application mainly includes a top 
support platform 9, three upright columns 6 and a bottom support structure 7. The three 
upright columns 6 are connected between the top support platform 9 and the bottom support 
structure 7. The bottom support structure 7 is connected to multiple tension legs 5.

[0064] The bottom support structure 7 may be embodied as a pontoon, and hence the bottom
support structure 7 in this embodiment may also be referred to as a bottom pontoon. As shown
in Figure 4, the bottom pontoon 7 has a Y-shaped plane, and hence the pontoon is also
referred to as a Y-shaped pontoon. However, the present application is not limited to this, i.e.,
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the shape ofthe bottom pontoon 7 and the number ofthe upright columns 6 may be changed. 
For example, four, five or more upright columns may be provided, and accordingly, the bottom 
pontoon 7 may be embodied as a triangular pontoon body, a quadrilateral pontoon body, a 
pentagonal pontoon body or a polygonal pontoon body with more than five edges. In addition, 
the shape of the bottom pontoon 7 is not limited to the polygon, and may also be circular, 
elliptical and other shapes. However, it is preferable that a hole is formed at the central of the 
bottom pontoon 7, and it is preferable that the hole has a polygonal cross section, in this way, 
the weight of the bottom pontoon 7 is reduced, materials are saved and the bottom pontoon 7 
is convenient to manufacture. The shape ofthe hole is not limited to polygon, and may also be 
circular, elliptical and other shapes. The polygonal bottom pontoon 7 is generally located at a 
deep position below the water surface, which reduces the wave force greatly. Since the bottom 
pontoon has the polygonal cross section, additional damping and additional mass ofthe whole 
floating wind turbine foundation for heaving, rolling, pitching and yawing are increased 
efficiently, thereby realizing an object of reducing the movement range of the whole offshore 
wind turbine. In case of assembling close to the shore, the bottom pontoon 7 may provide a 
buoyancy to support the whole floating wind turbine, thus the foundation has a shallow draft to 
meet the requirement of shallow shaft at a port. Below the designed draft for the wind turbine 
installation site, the bottom pontoon may be filled with ballast water, thereby reducing the 
center of gravity of the whole foundation and improving the stability and seakeeping.

[0065] The bottom pontoon 7 may be formed with multiple outward protruding portions, and 
the bottoms of each upright column 6 may be arranged on the respective outward protruding 
portion of the bottom pontoon 7. In this embodiment, it may be considered that the Y-shaped 
bottom pontoon 7 is formed by forming three outward protruding portions on the outer side of 
the hexagonal pontoon. Preferably, for the Y-shaped bottom pontoon 7, the outward protruding 
portions may be integrally formed with the hexagonal pontoon. An outward protruding fairlead 
8 may be formed at an end of each of the outward protruding portions, to be connected to the 
tension leg 5. The number of the outward protruding portions may be changed, for example, 
the number of the outward protruding portions may be same as the number of the upright 
columns 6. Preferably, the outward protruding fairlead 8 is formed at the outer side of the 
respective upright column 6 and is connected to the tension leg 5 via a universal joint (not 
shown). The tension leg 5 may be formed by a steel cable and a polyester fiber cable, thereby 
reducing the mooring cost and construction difficulty. However, the present application is not 
limited to this, and the tension leg 5 may also be formed by a steel pipe, polyurethane, or an 
anchor chain, or a combination of the steel pipe, polyurethane, and the anchor chain. 
Preferably, two tension legs 5 may be provided at the outer side of each upright column 6 to 
connect the outward protruding fairlead 8. Alternatively, more than two tension legs 5 may also 
be provided to connect the outward protruding fairlead 8.

[0066] The outward protruding fairlead 8 is connected to the tension legs 5 via the universal
joint, hence the tension legs 5 is rotatable in any axial direction and does not generate bending
moment, in this way, an arm of force is increased and a roll/pitch restoring moment is
increased, which allows the whole floating wind turbine foundation to have a better movement
performance; and the arrangement sizes of the upright columns and the pontoon may be



DK/EP 3115600 T3

reduced appropriately, to save steel material and reduce the number of tension legs, thereby 
further reducing the cost.

[0067] The top support platform 9 on the top of the outward-inclined type upright columns 6 
can support upright columns 10 to guarantee the structural strength of the floating wind turbine 
foundation. In addition, devices such as guardrails and a windlass may be provided on the top 
support platform 9, to make it easy for the operation and maintenance staffs on the site to 
maintain the wind turbine by means of the top support platform 9 after the maintenance vessel 
is stopped by one side of the square upright column 6, and in this way, the top support platform 
9 functions as a main working platform of the offshore wind turbine 100. The bottom of the top 
support platform 9 is supported by the upright columns 6 and connected to the upright columns 
6, and the top of the top support platform 9 supports the tower frame 3, the wind turbine 
generator set 2 and the blades 1. In this embodiment, the top support platform 9 is a triangular 
platform, which matches with the shape of the Y-shaped bottom pontoon 7. The three upright 
columns 6 may be arranged symmetrically with respect to a center of the floating wind turbine 
foundation 4. However, the present application is not limited to this, and the shape of the top 
support platform 9 may be changed according to the number of the upright columns 6 and/or 
the shape of the bottom support structure 7. For example, the shape of the top support 
platform 9 may be rectangular, circular and other shapes. The top support platform 9 may be 
formed by a truss structure, a box-type structure or a steel plate with an appropriate thickness, 
as long as the top support platform 9 can support the tower frame 3, the wind turbine 
generator set 2 and the blades 1.

[0068] In this embodiment, the upright columns 6 are connected between the top support 
platform 9 and the bottom support structure 7, and are arranged around a vertical center line 
of the floating wind turbine foundation 4. Each of the upright columns 6 is inclined outwards 
from its lower end to its upper end with respect to the vertical center line of the floating wind 
turbine foundation 4. Each of the upright columns 6 is hollow, hence similar to the bottom 
pontoon 7, a ballast adjusting system may be provided in the upright column 6. Preferably, the 
ballast adjusting system is provided at the bottom of the upright column 6 to lower a center of 
gravity of the ballast adjusting system, thereby improving the stability of the floating wind 
turbine foundation 4 and the whole offshore wind turbine 100. In this case, no ballast adjusting 
system is provided in the bottom pontoon 7 and the ballast adjusting system is provided only at 
the bottom of the upright column 6.

[0069] A ballast medium for the ballast adjusting system may be freshwater, seawater or a 
combination of seawater and gravel. In case of the ballast medium consisting of seawater or a 
combination of seawater and gravel, the raw materials may be obtained locally, thus it is 
convenient to perfuse and the cost is low.

[0070] As shown in Figure 2 to Figure 4, the floating wind turbine foundation 4 mainly includes
three outward-inclined square upright columns 6 with rounded corners (i.e., each upright
column 6 has a rounded rectangle cross section), the bottoms of the three upright columns 6
are connected to the hexagonal bottom pontoon 7 with three outward protruding portions (also
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referred to as the Y-shaped pontoon) and the tops of the three upright columns 6 are 
connected to the triangular top support platform 9. Preferably, each of the upright column 6 is 
inclined outward by 5 degrees to 15 degrees with respect to the vertical center line of the 
floating wind turbine foundation 4. However, the present application is not limited to this, and 
the inclination angle of the upright column 6 with respect to the vertical center line of the 
floating wind turbine foundation 4 may be changed. The outward-inclined square upright 
columns 6 are mainly used to increase the stability and the seakeeping of the floating 
foundation in a freely-floating state. In addition, the greater a rolling/pitching angle is, the larger 
an area of a water plane is, the longer a distance between the centroid of the area and the 
rotation axis is, and the greater the area moment is, and hence a greater restoring force can 
be provided.

[0071] The manufacture of the upright columns 6 having an approximately square or 
rectangular cross section may facilitate simplifying the manufacturing process, and the corners 
of the upright columns 6 being formed as circular arcs can alleviate the impact to the upright 
columns 6 from the seawater, thereby extending the service life of the upright columns 6. 
Hence, the upright columns 6 may also have a circular or elliptical cross section. The outward 
protruding horizontal length of the outward protruding fairlead 8 arranged at the end of the 
outward protruding portion of the bottom pontoon 7 may be 0.5 to 1.5 times of the maximum 
outer diameter of the upright column 6. Preferably, the outward protruding horizontal length of 
the outward protruding fairlead 8 may be 1 to 1.5 times of the maximum edge length of the 
rectangular cross section of the upright column 6 or the diameter of the circular cross section 
of the upright column 6. However, the present application is not limited to this, and the outward 
protruding horizontal length of the outward protruding fairlead 8 may be changed as required.

[0072] Hereinafter a connection structure between the tower frame 3 and the top support 
platform 9 is described in conjunction with Figure 2 and Figure 3. Generally, the bottom of the 
tower frame 3 is connected to the flare-type tension leg floating wind turbine foundation 4 via a 
flange, and more specifically, the tower frame 3 may be installed on the top support platform 9 
via the flange. Preferably, as shown in Figure 1 to Figure 3, a tower frame support base may 
be arranged on the top support platform 9 to support the tower frame 3.

[0073] The tower frame support base include a support tube 10, the support tube 10 is 
installed at the center of the top support platform 9; and multiple support rods 11 are arranged 
to surround the support tube 10. Each of the support rods 11 has one end connected to an 
upper portion of the support tube 10 and another end connected to the top support platform 9, 
to obliquely support the support tube 11. The diameter of the support tube 10 is great, for 
example the diameter may be up to 6.5m or greater, hence a space for installing auxiliary 
devices may be formed inside the support tube 10, and various types of auxiliary devices, such 
as an electrical cabinet, can be installed in the space, thereby utilizing the internal space of the 
support tube 10 efficiently. In this embodiment, the number of the support rods 11 is three, but 
the present application is not limited to this, and the number of the support rods 11 may be four 
or more.
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[0074] The support tube 10 is connected to the tower frame 3 via a flange at the top and a 
flange at the tower bottom, to support the wind turbine generator set 2 and the tower frame 3 
and other devices. However, the present application is not limited to this, and the tower frame 
3 may also be directly installed on the top support platform 9.

[0075] The designed draft of the whole floating wind turbine foundation having the above 
structure may be 10m to 12m, and the ballast water adjusting system provided at the bottom of 
each upright column 6 and/or provided inside the bottom pontoon 7 can adjust the draft for 
towage and the draft for an on-site working condition, hence the whole floating wind turbine 
foundation 4 has an obvious structure cost, a low installation, transportation and maintenance 
cost, a good movement performance, and the movement range is less than 2 degrees in case 
of an extreme sea condition which occurs once in one hundred years.

[0076] In the above embodiment, all the components are connected together by welding. The 
connection between the cylindrical upright column 10 at the middle and the top support 
platform 9 needs to be intensified reasonably based on analysis of the operation working 
condition of the wind turbine 100 and the structural strength of the wind turbine 100 in the 
extreme sea condition. The interiors of the outward-inclined square upright columns 6 and the 
bottom pontoon 7 are required to be intensified reasonably to bear loads from a hydrostatic 
pressure and a wave pressure. The structural sizes of the upright columns 6 and the bottom 
pontoon 7 are required to meet the requirements of floatability, stability and intensity, and avoid 
an energy concentration frequency band of waves, a fundamental frequency of the tower 
frame, 1P and 3P frequency ranges of the wind turbine and the vortex-induced vibration of the 
tension legs 5, and the optimal sizes of the upright columns 6 and the bottom pontoon 7 may 
be obtained by optimizing the hydrodynamic performance of the foundation using a 
hydrodynamic software or a model experiment.

[0077] The flare-type tension leg floating wind turbine foundation according to the first 
embodiment of the present application has a full-steel structure. For wind turbine generator 
sets 2 of different capacities, in construction, the flare-type tension leg floating wind turbine 
foundation may be assembled at a dock of a port close to the shore, and then the whole wind 
turbine foundation is wet-towed to the installation site and then positioned by mooring. The 
offshore wind turbine generator set 100 according to the embodiment of the present 
application has no routine maintenance requirement.

[0078] Hereinafter a flare-type tension leg floating wind turbine foundation 12 and an offshore 
wind turbine generator set 200 having the floating wind turbine foundation 12 according to a 
second embodiment of the present application are described in conjunction with Figure 5 and 
Figure 6.

[0079] Since the offshore wind turbine 200 is similar to the offshore wind turbine 100 having
the flare-type tension leg floating foundation 4 according to the first embodiment of the present
application, hence the same components are indicated by the same reference numbers and
are not described in detail herein.
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[0080] As shown in Figure 5 to Figure 6, the flare-type tension leg floating foundation 12 
according to the second embodiment of the present application includes a top support platform 
14, three upright columns 15 and a bottom support structure 16.

[0081] The second embodiment mainly differs from the first embodiment in the structure of the 
top support platform 14, the shape of the upright columns 15 and the structure of the bottom 
support structure 16.

[0082] In the second embodiment, the top of the top support platform 14 is formed by a Y- 
shaped box-type structure, the bottom support structure 16 is formed by a truss structure, and 
a fairlead is provided at each outward protruding edge of the truss and is connected to two 
tension legs 5. Preferably, each of the upright columns 15 has a circular cross section. 
However, the present application is not limited to this, and the number and the shape of the 
upright columns 15, the shape of the top support platform 14 and the shape of the bottom 
support structure 16 may be changed. Similar to the first embodiment, the tension legs 5 may 
be connected to the fairleads on the bottom support structure 16 via universal joints. The 
bottom of the flare-type tension leg floating foundation 12 is connected by the truss structure, 
which saves the steel amount, and improves the economical efficiency of the foundation. The 
top support platform 14 has the box-type structure, which reduces the influence caused by a 
fatigue load in operation of the wind turbine, and the electrical cabinet and the ballast adjusting 
device may be arranged in the internal space of the top support platform 14, thereby improving 
space utilization.

[0083] Although it is not shown in the Figures, a tower frame support base may be installed at 
the center of the top support platform 9 to support the bottom of the tower frame 3. The tower 
frame support base may employ the structure of the tower frame support base of the first 
embodiment or other structures. In addition, in this embodiment, the tower frame support base 
may be omitted, and in this case, the base of the tower frame 3 may be directly installed on the 
top support platform 14.

[0084] Although two embodiments are mainly described hereinabove, the present application 
is not limited to this. More embodiments can be obtained by combining the components in the 
two embodiments by those skilled in the art according to the teaching of the present 
application, and such embodiments are also deemed to be consistent with the concept of the 
present application.

[0085] A method for installing and constructing the offshore wind turbine according to the 
embodiments of the present application is described hereinafter, and the method mainly 
includes the following steps:

1. (1) assembling, at a dock of a port, the flare-type tension leg floating wind turbine 
foundation, the tower frame, the blades and the wind turbine generator set to form a 
whole floating offshore wind turbine;

2. (2) wet-towing, via a towboat, the whole floating offshore wind turbine to an offshore
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installation site; and
3. (3) anchoring the tension legs to the sea bed.

[0086] During the process of assembling and fixing the whole floating offshore wind turbine, a 
ballast adjusting system may be used to maintain the whole floating offshore wind turbine in a 
stable state.

[0087] In addition, during the assembling process, the tension legs may be connected to the 
flare-type tension leg floating wind turbine foundation. The tension legs may also be connected 
after the whole floating offshore wind turbine is wet-towed to an offshore installation site by a 
towboat.

[0088] The following conclusions can be obtained based on the above description.

[0089] Firstly, the tension leg floating wind turbine foundation according to the present 
application employs the outward-inclined upright columns, thereby overcoming the stability 
problem in freely-towage of the general tension leg platform, realizing the wet-towage and 
installation of the whole floating wind turbine, and avoiding using an expensive large offshore 
transport vessel and installation vessel.

[0090] Secondly, the tension leg floating wind turbine foundation according to the present 
application employs outward protruding fairleads, thereby providing a greater restoring 
moment, reducing the movement range of the foundation, enabling the wind turbine to operate 
normally to generate electricity, and improving the generating capacity. In addition, compared 
with the conventional tension leg platform, the weight of the whole structure of the flare-type 
tension leg floating wind turbine foundation according to the present application is reduced by 
30% by using the combination of the outward-inclined upright columns and the outward 
protruding fairleads.

[0091] Thirdly, in the present application, the tension legs may be made by the steel cable and 
polyester fiber cable with a high price performance ratio, thereby reducing the product cost of 
the offshore wind turbine and reducing the mooring cost and construction difficulty.

[0092] Fourthly, the flare-type tension leg floating wind turbine foundation according to the 
present application has a comprehensive indicator of the movement performance, the 
economy efficiency, and the installation, transportation and maintenance cost better than that 
of the jacket foundation at the sea area with a medium depth of water. For example, for a 6MW 
wind turbine, the steel amount for the tension leg foundation is reduced by 15% as compared 
with the jacket foundation.

[0093] Fifthly, the flare-type tension leg floating wind turbine foundation and the offshore wind
turbine according to the present application can be manufactured conveniently, may be
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constructed on a general dock or a slipway and assembled integrally at the port of the shore. 
The wind turbine foundation and the wind turbine do not require the port to have a great depth 
of water, and may be wet-towed as a whole, and a large floating crane vessel in a conventional 
offshore lifting is omitted, thereby facilitating installing the offshore wind turbine and saving the 
transport and installation cost greatly.

[0094] Sixthly, for the floating wind turbine using the flare-type tension leg floating wind turbine 
foundation, in case of replacing a large-size component or a coming typhoon, the mooring 
rope may be untied, and the whole wind turbine can be towed back to the port by a common 
towboat to replace the component or shelter from the typhoon, the mobility and flexibility are 
good, thereby saving expensive costs for the large floating crane vessel and transport vessel, 
and avoiding the damage to the wind turbine set caused by the typhoon.

[0095] The present application is not limited to the above embodiments, and various variations 
and modifications can be made to the embodiments without departing from the scope of the 
present application.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not 
form part of the European patent document. Even though great care has been taken in 
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all 
liability in this regard.

Patent documents cited in the description

• US2010074693A1 [00051
• EP2479101A1 [00061
• W02009064737A1 [0007]
• US2012318186A1 [00081
• US4481899A [0009]



DK/EP 3115600 T3

5

10

15

20

25

i

Patentkrav

1. Flydende strækstags-vindmøllefundament af typen med svaj, der omfatter:

en øverste støtteplatform (9, 14), der er konfigureret til at understøtte en 

tårnramme (3), en vinge (1) og et vindmøllegenerators æt (2), 

en nederste støttestruktur (7, 16), der er forbundet med en flerhed af 

strækstag (5),

mindst tre hule opretstående søjler (6, 15), der er forbundet mellem den 

øverste støtteplatform (9, 14) og den nederste støttestruktur (7, 16) og anbragt 

omkring en lodret centerlinje af det flydende vindmøllefundament (4, 12), 

kendetegnet ved, at hver af de mindst tre opretstående søjler (6, 15) er 

skråtstillet udad fra en nedre ende til en øvre ende i forhold til det flydende 

vindmøllefundaments (4, 12) lodrette centerlinje,

og ved, at det omfatter

et ballastreguleringssystem, der er tilvejebragt i de opretstående søjler (6, 15) 

og/eller den nederste støttestruktur (7, 16).

2. Flydende strækstags-vindmøllefundament af typen med svaj ifølge krav 1, hvor 

den nederste støttestruktur (7) er dannet af en polygonal ponton (7), den polygonale 

ponton (7) har en flerhed af udadragende dele, og bunde af de opretstående søjler (6) 

er tilvejebragt henholdsvis på de udadragende dele.

3. Flydende strækstags-vindmøllefundament af typen med svaj ifølge krav 2, hvor 

der er dannet et hul i en central del af den polygonale ponton (7), og hullet har et 

polygonalt tværsnit.

4. Flydende strækstags-vindmøllefundament af typen med svaj ifølge krav 1, hvor en 

indesluttet vinkel mellem hver af de opretstående søjler (6) og en lodret retning er i 

spændet fra 5 grader til 15 grader.
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5. Flydende strækstags-vindmøllefundament af typen med svaj ifølge krav 1, hvor 

den nederste støttestruktur (16) er dannet af en gitterkonstruktion, og gitter

konstruktionen har en polygonal plan form, og styr er tilvejebragt ved udadragende 

kanter af gitterkonstruktionen og er forbundet med strækstagene (5) via universalled.

6. Flydende strækstags-vindmøllefundament af typen med svaj ifølge krav 2, hvor et 

udadragende styr (8) er dannet ved en ende af hver af de udadragende dele af den 

polygonale ponton (7), idet strækstagene (5) er forbundet med den polygonale 

ponton (7) ved hjælp af det respektive udadragende styr (8), og det udadragende 

styr (8) er forbundet med strækstagene (5) via et universalled.

7. Flydende strækstags-vindmøllefundament af typen med svaj ifølge krav 6, hvor 

det udadragende styr (8) er placeret på en udvendig side af hver af de opretstående 

søjler (6), mindst to strækstag (5) er forbundet med det udadragende styr (8) på 

ydersiden af hver af de opretstående søjler (6), og en udadragende vandret længde af 

det udadragende styr (8) er 0,5 til 1,5 gange en maksimal udvendig diameter af den 

opretstående søjle (6).

8. Flydende strækstags-vindmøllefundament af typen med svaj ifølge krav 1, hvor 

den øverste støtteplatform (14) er dannet af en polygonal konstruktion af kassetypen, 

og et indvendigt rum til installation af en hjælpeenhed er dannet inde i den øverste 

støtteplatform (14).

9. Flydende strækstags-vindmøllefundament af typen med svaj ifølge krav 1, hvor 

den øverste støtteplatform (14) er dannet af en gitterkonstruktion.

10. Flydende strækstags-vindmøllefundament af typen med svaj ifølge krav 1, der 

endvidere omfatter et tårnrammestøttefundament tilvejebragt på den øverste 

støtteplatform (9, 14), og tårnrammestøttefundamentet omfatter:

et støtterør (10), der er installeret på den øverste støtteplatform (9, 14), og 
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en flerhed af støttestænger (11), der er indrettet til at omringe støtterøret (10), 

hvor hver af støttestængeme (11) har en ende, der er forbundet med en øvre 

del af støtterøret (10), og en anden ende, der er forbundet med den øverste 

støtteplatform (9, 14), med henblik på skrå understøtning af støtterøret (10).

11. Flydende strækstags-vindmøllefundament af typen med svaj ifølge krav 10, hvor 

et rum til installation af en hjælpeenhed er dannet inde i støtterøret (10).

12. Flydende strækstags-vindmøllefundament af typen med svaj ifølge krav 1, hvor 

styr er dannet ved yderkanter af den nederste støttestruktur (16) og er forbundet 

medstrækstagene (5) via universalled.

13. Havvindmølle, der omfatter det flydende strækstags-vindmøllefundament af 

typen med svaj ifølge et hvilket som helst af kravene 1 til 12 og en tårnramme (3), en 

vinge (1) og et vindmøllegeneratorsæt (2), der er installeret på det flydende 

vindmøllefundament (4).

14. Fremgangsmåde til installation og konstruktion af en havvindmølle (100, 200), 

hvilken fremgangsmåde omfatter følgende trin:

samling, ved en kaj i en havn, af det flydende strækstags- 

vindmøllefundament af typen med svaj (4, 12) ifølge krav 1, en 

tårnramme (3), en vinge (1) og et vindmøllegenerators æt (2) til dannelse af en 

hel flydende havvindmølle (100, 200),

vådbugsering af den hele flydende havvindmølle (100, 200) til et 

havinstallations sted ved hjælp af en bugserbåd, og 

forankring af strækstagene (5) til havbunden.

15. Fremgangsmåde ifølge krav 14, der omfatter:

anvendelse, i løbet af processen til samling og fastgørelse af den hele 

flydende havvindmølle (100, 200), af ballastreguleringssystemet til
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opretholdelse af den hele flydende havvindmølle (100, 200) i en stabil 

tilstand, og

tilslutning, i løbet af processen til samling, af strækstagene (5) til det flydende 

strækstags-vindmøllefundament af typen med svaj (4, 12).
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