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DESCRIPTION
FIELD OF THE INVENTION

[0001] The present invention relates to a method of installation of an offshore wind turbine 
tower, with pile-based foundations, and to equipment for implementing said method.

[0002] The present invention is, therefore, included mainly in the sector of power generation 
installations, specifically renewable energy from wind power.

BACKGROUND OF THE INVENTION

[0003] Without limiting character, solutions generally contemplated in the current state of the 
art for offshore foundations are listed and succinctly described below.

* Gravity foundations: footings with concrete structure, often with pedestals. They are 
transported and anchored with barges and/or marine cranes. For low depths.

* Pile-based foundations:

• Metal driven-in monopile, gap-free with the tubular metal mast of the tower. For low 
depths.

• Tripile: the metal tower rests, using a transition piece generally in the form of three-arm 
blade, on three vertical piles submerged and driven into the seabed. For medium and 
high depths.

• Tripod: the metal tower is supported on a structure of three inclined piles, which rest on 
the ground using driven-in piles or another similar system. The tower may be centred 
with respect to the tripod piles or located on one of them. For medium and high depths.

• Lattice: the metal tower rests using a lattice structure of four piles. For medium and high 
depths.

* Suction bucket: based on the driving-in of watertight buckets in the marine subsoil and the 
consequent use of the different pressure differences generated. For low depths.

* Buoyancy solutions secured to the seabed. For very high depths.

[0004] In relation to the gravity foundations, they are largely formed in situ using, among other 
means, mixer boats and/or crane boats, so that the environmental conditions cannot be very 
aggressive. Furthermore, the ground must be firm so that normally the upper layer of the 
seabed is removed for better settling; in this case, submariners cover the ground in gravel. The 
main disadvantage of installing this type of systems is their high cost, which a study indicates is 
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directly proportional to the square of the depth at which the wind farm is placed. This means 
they are only applied at low depths.

[0005] In relation to pile-based foundations and suction buckets, they usually use support 
assemblies formed ashore. For these alternatives, it is not necessary to condition the seabed, 
which allows saving considerable money. Even so, the cost is high since it requires an 
important deployment of means of transport (barges, floating cranes or hoisting vessels, 
floating cranes or pile driver vessels, etc.) both for the transport of components involved and 
for the in situ assembly, without prejudice to the fact that both the transport and assembly and 
the manufacturing are relatively simple. Furthermore, if only the means of transport and 
assembly necessary to install the towers one by one are used to keep the costs to a minimum, 
the tower installation depends on the means for it remaining free after installation of the 
previous tower, which often determines an installation rate slower than that desired.

[0006] Buoyancy foundations have been considered but are not at a point which allows their 
mass industrialization.

[0007] An example of a prior art offshore wind turbine installation method is given in WO 
03/080939 A1.

SUMMARY OF THE INVENTION

[0008] In the present document, the expression "ashore" indicates on a working surface that is 
not submerged, for example, a quay, a dry dock or similar. Also in the present document, in 
order to simplify, reference will be made to an offshore tower designed to be mounted in the 
sea, therefore using expressions such as "seabed" or "sea", without for this reason the scope 
of the invention being limited to such use, and the invention can also be applied to offshore 
towers designed to be mounted in any water mass, for example an ocean, a lake, etc. 
Furthermore, the expression "wind turbine means" relates to a part or all of the components of 
a wind turbine tower directly designed for the capture of wind power and/or the transformation 
of wind power into electricity, such as, for example, the engine or its parts, the rotor or its parts, 
the blades or their parts, etc.

[0009] An object of the present invention is, therefore, providing a method of installation of an 
offshore wind turbine tower, with pile-based foundations, which is simple and economical and 
still allows a high installation rate.

[0010] More specifically, the invention relates to a method of installation of an offshore wind 
turbine tower, with pile-based foundations, the equipment for implementing said method 
comprising: a tower mast, at least three piles, anchoring means (preferably flexible, for 
example in the form of steel tendons), a platform designed to support said mast and to rest in 
turn on said piles, and buoyancy means, said piles being applied to said platform so that said 
piles are essentially vertical and each one of said piles can be axially displaced, i.e. in a 
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direction parallel to the longitudinal axis of the pile, with respect to said platform. Each one of 
said piles includes an upper area designed to be on a level with said platform in the installed 
condition of the tower, preferably above the maximum surge level applicable in the installed 
condition of the tower, and a lower area designed to receive at least two of said anchoring 
means and situated below said upper area and above the planned level of the seabed in the 
installed condition of the tower. The upper area of each pile may be situated substantially in 
correspondence with the upper end of the corresponding pile or, alternatively, may be situated 
at such a height of the corresponding pile that a certain length of the corresponding pile 
remains above the level of said platform in the installed condition.

[0011] The method in accordance with the present invention comprises the following stages in 
any technically possible order:

1. a) providing a tower mast, at least three piles, anchoring means (preferably flexible, for 
example in the form of steel or carbon fibre tendons), a platform with first securing 
means, and buoyancy means with second securing means, wherein the interaction 
between said first and second securing means produce the mutual securing thereof;

2. b) ashore, applying said piles to said platform so that said piles are essentially vertical 
and each one of said piles can be axially displaced, i.e. in a direction parallel to the 
longitudinal axis of the pile, with respect to said platform;

3. c) ashore, applying said mast to said platform in the relative position of use in the 
installed condition of the tower;

4. d) ashore, disposing actuation and/or braking means operationally between each one of 
said piles and said platform, so that the actuation of said actuation and/or braking means 
control the axial displacement of each pile with respect to said platform;

5. e) ashore, disposing said platform and said piles in a relative position such that said 
platform is placed in an intermediate position between the lower area and the upper 
area of each one of said piles, possibly using the actuation of said actuation and/or 
braking means;

6. f) ashore, anchoring one end of each one of said anchoring means to the lower area of 
each one of said piles, respectively, and anchoring the other end of each one of said 
anchoring means to said platform, preferably so that each one of said anchoring means 
does not substantially support any tensile stress and, in the installed condition of the 
tower, each one of said anchoring means forms an angle with the vertical;

7. g) launching said buoyancy means;
8. h) launching the base assembly comprising said platform, said mast, said piles and said 

anchoring means;
9. i) securing said base assembly to said buoyancy means using the application to one 

another of said first and second securing means, providing said buoyancy means with 
sufficient floatability to keep afloat the transport assembly comprising said base 
assembly and said buoyancy means;

10. j) transferring said transport assembly until the location planned for the wind turbine 
tower;

11. k) actuating said actuation and/or braking means so that said piles displace downwards 



DK/EP 2952633 T3

with respect to said platform, until the lower end of each one of said piles is applied to 
the seabed;

12. I) fastening the lower end of each one of said piles to the seabed;
13. m) actuating said actuation and/or braking means until said platform is on a level with 

said upper area of each one of said piles;
14. n) mounting wind turbine means on said mast;
15. o) detaching said first and second securing means from one another and removing said 

buoyancy means from said platform, and optionally displacing the platform to a level 
above the action of the surge; and

16. p) tensioning said anchoring means.

[0012] It is important to highlight that, to perform stage o), the assembly formed by said 
buoyancy means and said platform shall be preferably at a depth equal to the buoyancy draft 
of said buoyancy means alone. In this way, the detachment of said first and second securing 
means from one another and the removal of said buoyancy means from said platform can be 
carried out without the load imposed by the fact that said buoys support said platform on the 
surface. Therefore, in the implementation of the method of installation in accordance with the 
present invention, the platform can be displaced until a position wherein, effectively, the 
assembly formed by said platform is at a depth equal to the buoyancy draft of said buoyancy 
means alone, to then carry out stage o). It is possible that displacement of the platform is a 
downward displacement, for example if the method of the invention consists of the steps listed 
above and the steps are executed in the same order wherein they are previously listed. In the 
case of a downward displacement, the platform may be displaced using actuation means.

[0013] Preferably, said offshore wind turbine tower comprises three piles, and said platform 
also includes three through-holes in each one of which they are disposed and may axially slide 
each one of said three piles. In general, it is preferred that said through holes are preferably 
disposed in locations equidistant to one another and in relation to the centre of said platform, 
and that the tower mast is disposed in the centre of said platform.

[0014] Stage b) and stage e) can be carried out simultaneously, applying the piles to the 
platform now in a relative position such that said platform is displaced in an intermediate 
position between the lower area and the upper area of each one of said piles. This may be 
achieved, for example, if the platform rests on a provisional pedestal or is suspended at a 
certain height at the time of applying the piles to the platform.

[0015] Before stage j), the wind turbine means can be disposed on said buoyancy means. 
Furthermore, said buoyancy means may include lifting devices, for example, tower cranes, 
capable of lifting until its use position the wind turbine means from its position on said 
buoyancy means. In this way, stage n) is performed with means of the transport assembly, 
even further reducing the need for external installation means. Alternatively, stage n) can be 
carried out before stage j), preferably in the factory, preferably using the means used to 
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perform stages b) - c), so that the need for disposing additional installation means, such as 
external installation means or even said lifting devices is reduced, or even eliminated if stage 
n) involves the wind turbine means in its assembly, in additional to simplifying the works to 
perform in the definitive location of the tower. In this case, however, the buoyancy means must 
be of greater size since it raises the centre of gravity of the transport assembly.

[0016] The piles may be piles designed to be driven into the seabed to produce the 
foundations, in which case the securing of stage 1) consists of carrying out the actions 
necessary to complete the driving of said piles. Said stage 1) may therefore comprise in turn 
two sub-stages:

11) pre-driving the piles into the seabed, simply due to their own weight;

12) driving the piles into the seabed, by the application of additional weight or by the use of a 
pile driver.

[0017] Stage 1), or sub-stages 11) and/or 12), can be carried out using external pile driver 
means, as is known in the state of the art. Alternatively or complementarily (if the composition 
and hardness of the seabed and other installation parameters so allow), stage 1), or stages 
11) and/or 12), can be carried out by actuating said actuation means of each one of said piles 
so that said platform is displaced upward with respect to said piles and the weight of said 
platform, and also consequently the weight of said mast which rests on said platform, and 
optionally the weight of said buoyancy means and the weight of the wind turbine means, cause 
the driving-in of the piles, which would further reduce the need for external installation means.

[0018] Alternatively, the piles may be piles designed to have a lower end (integral or 
accessory) in the form of footing, in which case stage 1) therefore consists of carrying out the 
actions necessary to complete the embedding of said footing in the seabed to the planned 
measurement. Said footing may comprise a substantially horizontal body of footing and at least 
one protuberance which emerges from the lower face of said body of footing and which has a 
tapered profile in downward direction. Such protuberance is designed to exercise opposition to 
horizontal displacements of the footing embedded in the seabed. Said stage 1) can be carried 
out by actuating said actuation and/or braking means of each one of said piles so that said 
piles are displaced downwards with respect to said platform and the weight of said platform, 
and also consequently the weight of said mast which rests on said platform, and optionally the 
weight of said buoyancy means and the weight of the wind turbine means, cause the planned 
embedding.

[0019] The fact that said piles are applied to said platform so that each one of said piles can 
be axially displaced with respect to said platform provides an adjustable tower, which can be 
easily adapted to irregular seabeds, as regards both profile and composition.

[0020] Said buoyancy means may be formed by a single buoyancy unit. Alternatively, said 
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buoyancy means may comprise a plurality of buoyancy units, in which case several buoyancy 
units of said buoyancy means may include third securing means such that the interaction 
between said third securing means of different buoyancy units produce the mutual securing 
thereof.

[0021] Furthermore, said buoyancy means may be motorized, so that the transport assembly 
would be a self-propelled transport assembly, even further reducing the need for external 
installation means.

[0022] In this way, the present invention provides an installation solution of an offshore wind 
turbine tower, with pile-based foundations, which has desirable characteristics.

[0023] Of course, the mast provided in stage a) may be formed by stretches of mast, which in 
turn may be formed by segments. In such case, the application of said mast to said platform in 
the relative position of use in the installed condition of the tower, according to stage c), can be 
carried out by parts, i.e. either using a segment-to-segment placement process until the 
installed condition of the tower or, preferably, using a stretch-to-stretch placement process until 
the installed condition of the tower once said stretches have been premounted, or using a 
placement process which is combination of the two aforementioned processes. Said mast may 
also be telescopic self-expanding, which may facilitate stage j) since the transfer could be 
carried out with the mast in retracted condition, possibly even with the wind turbine means 
already mounted on the mast in retracted condition.

[0024] The installation solution in accordance with the present invention is simple, since the 
base assembly of the tower (piles, anchoring means, platform and mast, and optionally wind 
turbine means) is formed in the factory, preferably ashore, and in that condition it is 
transported until the installation point, wherein it is simply self-installed until the tower is 
established, only occasionally with the aid of external installation means for the wind turbine 
means if they are not included in the base assembly.

[0025] The installation solution in accordance with the present invention may also be 
economically advantageous, because the buoyancy means may be reusable (i.e. they may be 
manufactured with a configuration such that it allows that, once removed from a platform 
according to a method in accordance with the present invention, they can be used in a new 
method in accordance with the present invention and so on and so forth until exhausting the 
useful life of the buoyancy means), and because the use of other external installation means 
(including material and human resources for underwater work) can be avoided or at least 
minimized.

[0026] Furthermore, it allows a high installation rate since the production of the components 
may be continuous and the method of the invention may avoid dependency upon the 
availability of installation means outside the actual wind turbine tower, with the exception of the 
buoyancy means which, however, may be provided by the factory or the wind turbine tower or 
towers to be installed.
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[0027] In the method in accordance with the present invention, the disposal of the anchoring 
means and the use of buoyancy means independent from the rest of the equipment for 
implementing said method, which are removed from the tower during the method of installation 
of the tower, make it possible to use a platform with a very limited size, which also means 
limiting the unit cost of this type of tower with platform and piles.

[0028] On the other hand, the fact that said piles are applied to said platform so that each one 
of said piles can be axially displaced with respect to said platform and the fact that the 
buoyancy means may again secure said platform allows the tower in the installed condition to 
be easily displaced until a landfill or an alternative site, after the cutting the piles at the level of 
the seabed, if necessary.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] These and other characteristics of the present invention shall be revealed from the 
following description of an embodiment thereof, only given by way of non-limiting example, with 
reference to the attached drawings, wherein:

figure 1A is a perspective exploded view of equipment used in a first embodiment of a method 
of installation in accordance with the present invention, figures 1B and 1C are respectively a 
perspective longitudinal sectional view according to detail B of figure 2 and a perspective view 
according to detail C of figure 3, figures 1D1 and 1D2 are longitudinal sectional views which 
show two alternative configurations of a braking and control device which can be used in said 
first embodiment of a method of installation in accordance with the present invention, and 
figure 1E is an enlarged detail of a part of figure 1A,

figure 2 is a perspective view of equipment to perform said first embodiment of a method of 
installation in accordance with the present invention, in a stage of application of the piles to the 
platform,

figure 3 is a perspective view of equipment to perform said first embodiment of a method of 
installation in accordance with the present invention, in a stage wherein the piles and their 
actuation means is applied on the platform,

figure 4 is a perspective view of equipment to perform said first embodiment of a method of 
installation in accordance with the present invention, in a stage of placing of the platform and 
the piles in an intermediate relative position, showing the disposal of an anchoring means,

figures 5A and 5B are perspective views of equipment to perform said first embodiment of a 
method of installation in accordance with the present invention, in a stage of application of the 
tower mast to the platform,

figure 6 is a perspective view of equipment to perform said first embodiment of a method of 
installation in accordance with the present invention, in a stage of launching the base
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assembly,

figure 7A is a partial perspective view of equipment to perform said first embodiment of a 
method of installation in accordance with the present invention, in the course of a process of 
approximating the base assembly to the buoyancy means within the framework of securing 
said base assembly to said buoyancy means, and figure 7B is an elevational view of the 
securing devices used in this approximation process isolated from the rest of the equipment,

figure 8 is a perspective view of equipment to perform said first embodiment of a method of 
installation in accordance with the present invention, in a stage of transfer of the transport 
assembly until the location planned for the wind turbine tower,

figure 9 is a perspective view of equipment to perform said first embodiment of a method of 
installation in accordance with the present invention, in a sub-stage of pre-driving-in of the piles 
into the seabed, after a process of lowering said piles,

figures 10A and 10B are perspective views of equipment to perform said first embodiment of a 
method of installation in accordance with the present invention, in a stage of mounting the wind 
turbine on the mast, and figure 10C is a perspective view according to detail C of figure 10B,

figures 11A and 11B are perspective views of equipment to perform said first embodiment of a 
method of installation in accordance with the present invention, in a stage of actuation of the 
actuation means until the platform remains above the height of the surrounding surge, and of 
tensioning of the anchoring means,

figures 12A and 12B are respectively an elevational view and a top plan view of a footing to 
perform a second embodiment of a method of installation in accordance with the present 
invention,

figures 13A and 13B are partial elevational views of equipment to perform said second 
embodiment of a method of installation in accordance with the present invention, in two 
moments of a stage of application of the piles to the platform,

figures 14A and 14B are elevational views of equipment to perform said second embodiment of 
a method of installation in accordance with the present invention, in a stage of actuation of the 
actuation means until the platform is on a level with the upper area of each pile, and of 
tensioning of the anchoring means,

figure 15 is a top plan view of alternative buoyancy means for their use with said first and 
second embodiments of a method of installation in accordance with the present invention, and

figure 16A is an elevational view which shows an alternative for the anchoring of anchoring 
means on a pile, and figure 16B is an elevational view which shows another alternative for the 
anchoring of anchoring means on a pile (upper part of the figure) and its top plan projection 
(lower part of the figure).



DK/EP 2952633 T3

DESCRIPTION OF AN EMBODIMENT OF THE INVENTION

[0030] With reference to figures 2-11, they show different stages of a first embodiment of a 
method of installation of an offshore wind turbine tower, with pile-based foundations, in 
accordance with the present invention, in chronological order. Figures 1A and 1E together 
show equipment used in said method of installation illustrated in figures 2-11, and figures 1B 
and 1C show respective details of the piles of figure 1A.

[0031] Figure 1E shows a bobbin 46a (« 46b, 46'a, 46'b, 46"a, 46"b) (simply identified with 
reference 46 throughout the present description when it alludes to an assembly of all them) 
wherefrom a steel tendon 10a (« 10b, 10'a, 10'b, 10"a, 10"b) will be extracted (simply identified 
with reference 10 throughout the present description when it alludes to an assembly of all 
them). Said tendons 10 are designed to function as anchoring means. Figure 1A shows three 
hexagonal piles 20, 20', 20"; three stretches 30a, 30b, 30c of mast which will jointly form the 
mast 30 of a wind turbine tower once fastened together coaxially; a tower section 40a with star 
plan with three arms and an upper closure slab 40b which in mounted condition will form a 
platform 40 designed to rest on said piles 20, 20', 20" and supporting said mast 30, said 
platform 40 having a cover at each one of the ends of its three arms, which includes an integral 
bracket 42, 42', 42" which has a vertical through-hole to receive in sliding manner a 
corresponding pile 20, 20', 20" and two through-holes (of which only one 44a is referenced, 
only in figure 4 for reasons of clarity) designed to receive in sliding manner and guide separate 
anchoring means 10; and three tower sections 50a, 50a', 50a" of polygonal plan and 
corresponding upper closure slabs 50b, 50b', 50b" which in mounted condition will form three 
buoys 50, 50', 50".

[0032] In this embodiment, said piles 20, 20', 20", said mast 30, said platform 40 and said 
buoys 50, 50', 50" are made of concrete, using prefabricated concrete sheets and joined 
together by a manner known in the state of the art, but all or part of them may be made from 
another material, for example, metal, composite, etc., or from a combination of materials, for 
example concrete-metal, metal-composite, concrete-metal-composite, etc. Likewise, in this 
embodiment, said platform 40 has the form with star plan and houses three piles 20, 20', 20", 
but of course it may have any desired form, both in plan and in elevation, provided that it 
enables putting into practice the method in accordance with the present invention, and could 
be prepared to effectively house more than three piles. It can also be observed that said buoys 
50, 50', 50" are compartmentalized using internal concrete walls.

[0033] As shown in figure 1C, two winches 22a, 22b, 22a', 22b', 22a", 22b" (simply identified 
with reference 22 throughout the present description when it alludes to the assembly of all of 
them) are disposed at the upper end of each one of said piles 20, 20', 20", from each one of 
which hangs a steel rope (of which only one 23 is referenced, only in this figure 1C for reasons 
of clarity) which runs downward beside the corresponding pile 20, 20', 20". As shown in figure 
IB, said piles 20, 20', 20" are largely hollow throughout their length. However, each one of said 
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piles 20, 20', 20" has a lower area 24, 24', 24" designed to receive one end of two anchoring 
means and is situated above the planned level of the seabed once the pile has been driven-in 
in the installed condition of the tower, each one of said lower areas 24, 24', 24" being solid and 
being provided with a respective anchoring coupler 28, 28', 28" for the anchoring means. Such 
anchoring coupler may be of any type and is well known in the state of the art, so that it will not 
be explained in detail in the present document. Returning to figure 1C, each one of said piles 
20, 20', 20" also has an upper area 26, 26', 26" designed to remain in this embodiment joined 
to the respective brackets 42, 42', 42", above the level of the surrounding surge in the installed 
condition of the tower. In this embodiment, each one of said upper areas 26, 26', 26" is 
situated in a position of the piles 20, 20', 20" such that, in the installed condition, a certain 
length of each pile 20, 20', 20" protrudes above each respective bracket 42, 42', 42".

[0034] Figures 1D1 and 1D2 show different alternative configurations of one 42 of said 
brackets 42, 42', 42" of said platform 40. Specifically making reference to figure 1D1 said 
bracket 42 comprises a bobbin 48 joined in fixed manner to said bracket 42 and which has a 
cable 49 wound on it. One end of said cable 49 is joined to the bobbin 48 and the other end of 
said cable 49 is joined to the pile 20 at a level below the bracket 42. The bobbin 48 lifts or 
lowers cable in controlled manner, so that it can be used as a means of controlled lowering of 
the pile in relation to the bracket and consequently in relation to the platform. Making specific 
reference now to figure 1D2, said bracket 42 comprises a substantially horizontal through-hole 
45 wherein is housed a pin 47 loaded in direction towards the pile which passes through said 
bracket 42. The pin 47 exercises more or less pressure on the pile 20 in controlled manner, so 
that it can be used as means of controlled lowering of the pile in relation to the bracket and, 
consequently, in relation to the platform.

[0035] Figure 2 shows said platform 40 resting on the ground and said piles 20, 20', 20" 
vertically approaching said platform 40, in correspondence with said holes of said brackets 42, 
42', 42", each one of said piles 20, 20', 20" being at a different distance from said platform 40. 
Said piles 20, 20', 20" are displaced by means of conventional lifting, for example a crane, not 
shown.

[0036] Now going on to figure 3, said piles 20, 20', 20" are now applied to said platform 40, so 
that said piles 20, 20', 20" are essentially vertical and each one of said piles 20, 20', 20" can be 
axially displaced, i.e. in a direction parallel to the longitudinal shaft of the pile 20, 20', 20", with 
respect to said platform 40. More specifically, each one of said piles 20, 20', 20" is applied in 
each one of said vertical through-holes vertical of each one of said integral brackets 42, 42', 
42" and they can be vertically slid in. In this point, given that said piles 20, 20', 20" now have 
said winches 22, said winches 22 are applied to said platform 40 using the connection of each 
free end of said steel ropes to said platform 40, specifically to said brackets 42, 42', 42", so 
that the actuation of said winches 22 makes the platform 40 rise or lower with respect to said 
piles 20, 20', 20".

[0037] In figure 4, said platform 40 has passed to the intermediate position between the lower 
area 24, 24', 24" and the upper area 26, 26', 26" of each one of said piles 20, 20', 20", using 
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an actuation of gather the rope of the winches 22. Likewise, two anchoring means 10a", 10b' of 
said anchoring means 10 have been anchored, by one end, to said lower area 24, 24' of said 
piles 20, 20', specifically inserting each anchoring means 10a", 10b' in a respective anchoring 
coupler 28, 28' of a lower area 24, 24', and, by the other end, to said platform 40. In particular, 
said anchoring means 10 emerge from said lower areas 24, 24', 24" and pass in upward 
direction through said through-holes 44, 44', 44" of said brackets 42, 42', 42" to end in said 
bobbins 46 situated on said upper closure slab 40b of said platform 40. Said bobbins 46 may 
be motorized and/or include braking or retention means, to be able to cooperate in controlling 
the useful length of said anchoring means 10 and of its tension.

[0038] In this embodiment, each one of said anchoring means 10 is loose in this initial 
condition. Furthermore, in this embodiment, the anchoring means 10 are anchored so that 
from each lower area of a pile emerge two anchoring means, each one of them towards a 
bobbin close to each one of the other two piles, so that, in the installed condition of the tower, 
when said anchoring means is tensioned, two anchoring means are found on each imaginary 
surface delimited by two piles forming a St Andrew cross (see figure 11B).

[0039] Figures 5A and 5B are views which represent the stage of application of the mast 30 of 
the wind turbine tower to the platform 40, and more specifically of the stretches 30a, 30b, 30c 
of mast which jointly form said mast 30 (at the point represented in these figures 5A and 5B 
relative to this embodiment, said anchoring means 10 are now anchored to said piles 20, 20', 
20" and said platform 40, but they are not illustrated for reasons of clarity). In this embodiment, 
the application of the mast 30 to the platform 40 is, therefore, carried out using a stretch-to- 
stretch placement process until the installed condition of the tower.

[0040] After applying said mast 30 in the centre of said platform 40, it reaches the launching 
stage illustrated in figure 6 (at the point represented in this figure 6 relative to this embodiment, 
said anchoring means 10 are now anchored to said piles 20, 20', 20" and said platform 40, but 
they are not illustrated for reasons of clarity). At the point illustrated in figure 6, the buoys 50, 
50', 50" have now been launched. In the embodiment illustrated in the present document, each 
base assembly (overall referenced as 1000) comprising said platform 40, said mast 30, said 
piles 20, 20', 20" and said anchoring means 10 has been formed in the factory, in this 
embodiment in a dock 100. Said dock 100 comprises a launching ramp 110 the upper end of 
which is on a level with said dock 100 and the lower end of which is submerged in the sea. The 
lower end of said launching ramp 110 is submerged until a depth such that it allows that, 
instead of the launching ramp 110, the base assembly 1000, with said platform 40 in the 
intermediate position, rests on the launching ramp 110 by means of its piles 20, 20', 20" and 
said platform 40 is on a level with said buoys 50, 50', 50", in accordance with the draft of said 
buoys 50, 50', 50" alone. Said base assembly 1000 is therefore made to lower along the 
launching ramp 110 until said place of the launching ramp 110, where the stage of securing the 
base assembly 1000 to said buoys 50, 50', 50" shall be performed. It must be appreciated that, 
during this process, each pair of winches 22 of each one of said piles 20, 20', 20" shall be 
independently actuated so that the relative position of each one of said piles 20, 20', 20" with 
respect to said platform 40 shall vary so that the platform 40 is levelled at all times. In figure 6, 
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said base assembly 1000 is situated in said place of the launching ramp 110, and another two 
base assemblies are shown in previous positions. As can be seen in this figure 6, and 
additionally in figures 8, 10A, 10B and 10C, said buoys 50, 50', 50" have already been 
provided with lifting means 60, said lifting means 60 comprising six columns 62a, 62b, 62c, 
62d, 62e, 62f of metal lattice and two beams 64a, 64b the ends of which rest on upper ends of 
said columns 62a, 62b, 62c, 62d so that said beams 64a, 64b are parallel. Said beams 64a, 
64b are extendible so that they can extend until also resting on upper ends of said columns 
62e, 62f. Between said beams 64a, 64b are extended two crossbars 66a, 66b comprising 
motor means for their displacement throughout said beams 64a, 64b and respective winches 
68a, 68b from each one of which hangs a steel rope joined by its free end to a wind turbine 
120 previously disposed on one of said buoys 50, 50', 50". The crane assembly formed by said 
columns 62a, 62b, 62c, 62d, 62e, 62f, said beams 64a, 64b and said crossbars 66a, 66b with 
their motor means and winches 68a, 68b is an assembly that a person skilled in the art may 
design in conventional manner in light of the teachings of the present document, for which 
reason it shall not be described or illustrated in more detail. It is noted, however, that in the 
present embodiment said columns 62a, 62b, 62c, 62d, 62e, 62f and said inner partition walls of 
said buoys 50, 50', 50" are disposed so that said columns 62a, 62b, 62c, 62d, 62e, 62f rest on 
said buoys 50, 50', 50" in vertical correspondence with said inner partition walls of said buoys 
50, 50', 50", which avoids or at least reduces the problems of punching of the upper slab 50b, 
50b', 50b" of said buoys 50, 50', 50".

[0041] For this launching stage, each base assembly 1000 can be displaced along said 
launching ramp 110, until the place of the launching ramp 110 wherein the stage of securing 
said base assembly 1000 to said buoys 50, 50', 50" shall be performed.

[0042] Passing now to figure 7A and with it to the stage of securing said base assembly 1000 
to said buoys 50, 50', 50", it shows the approximation of the platform 40 to the buoys 50, 50', 
50" (only buoys 50, 50" are visible). For greater clarity, in this figure the water has not been 
represented, which would cover (and, therefore, conceal) part of both the platform 40 and the 
buoys, specifically the lowermost area of said structures. Said platform 40 comprises a first 
securing device 70a, 70a', 70d, and said buoy 50 comprises a second securing device 70b, 
70b', 70c, 70c'. Said first securing device comprises a spaced succession 70a of coaxial 
vertical metal cylinders solidly joined to said platform 40 beside the upper side of said platform 
40, and another spaced succession 70a' of coaxial vertical metal cylinders solidly joined to said 
platform 40 beside the lower side of said platform 40. Said second securing device comprises 
a spaced succession 70b of coaxial vertical metal cylinders solidly joined to said buoy 50 and a 
pin 70c beside the upper side of said platform 40, and another spaced succession 70b' of 
coaxial vertical metal cylinders solidly joined to said buoy 50 and another pin 70c' beside the 
lower side of said buoy 50. The interaction between said first and second securing means 
produce the mutual securing thereof. Specifically, the spaced succession 70a, 70a' of coaxial 
vertical metal cylinders of said platform 40 enter in the spaces created between the spaced 
succession 70b, 70b' of coaxial vertical metal cylinders of said buoy 50, and vice-versa, until 
creating different cylinder assemblies. After this, the upper pin 70c and the lower pin 70c' slide 
through the respective cylinder assembly, thus immobilizing said platform 40 and said buoy 50 
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between one another. Figure 7B shows the first securing device in side elevation (left) and the 
second securing device in front elevation (right) isolated from the rest of the equipment. A steel 
framework structure 70d of the first securing device can be seen, which is embedded in said 
platform 40 to achieve the solid joining of said first securing device to said platform. The 
second securing device may comprise a metal structure similar to the metal structure 7d of the 
first securing device with the same purpose.

[0043] Once all the buoys 50, 50', 50" have been secured to said platform 40 (and optionally to 
one another), forming a transport assembly (overall referenced as 2000) comprising said base 
assembly 1000 and said buoys 50, 50', 50", or said transport assembly 2000 is taken to 
deeper places on the launching ramp 110 until reaching a depth at least equal to the buoyancy 
draft of said transport assembly 2000 or each pair of winches 22 of each one of said piles 20, 
20', 20" shall be actuated to allow said platform 40 to slide underneath in relation to said piles 
20, 20', 20" so that said transport assembly 2000 correspondingly sinks in the water until at 
least reaching its buoyancy draft. In any of both cases, the load of said transport assembly 
2000 passes from said piles 20, 20', 20" to said buoys 50, 50', 50", to be able to recover 
displacement devices whereon the assembly rests.

[0044] At this point, it goes on to the transfer stage, represented in figure 8. In this stage, said 
transport assembly 2000 is taken until the location planned for the wind turbine tower. For said 
purpose, said buoys 50, 50', 50" may be provided with self-propelled means or may be 
dragged by a tugboat.

[0045] Figure 9 shows said transport assembly 2000 now in the planned location for the wind 
turbine tower, in the stage of securing of said piles 20, 20', 20" in the seabed 3000. To perform 
this stage, said winches 22 are left idle, so that said piles 20, 20', 20" fall downward until 
touching the seabed and being pre-driven into it. This drop may be regulated by said means 
45, 47; 48, 49 of controlled lowering. After this, said winches 22 again act to draw in the rope, 
so that the unit assembly 50, 50', 50"; 40; 30 is displaced upwards in relation to said piles 20, 
20', 20" and, by the actual weight of the transport assembly 2000 or, if the conditions of the 
seabed so require, with the aid of external pile driver means (not shown), said piles 20, 20', 20" 
are finally driven into the seabed. Said pile driver means may also be means of each of said 
piles 20, 20', 20", in which case said piles 20, 20', 20" would comprise hydraulic pile drive 
means in a manner known in the state of the art, optionally detachable from said piles 20, 20', 
20" to withdraw them after the securing stage and return them to the factory, preferably using 
said buoys 50, 50', 50", so that they are available for new uses. If immediately after the end of 
the driving, the unit assembly 50, 50', 50"; 40; 30 is at a height which does not coincide with 
the floatability level of the transport assembly 2000, it shall generally be higher, then said 
winches 22 again act, generally to release rope, so that said unit assembly 50, 50', 50"; 40; 30 
moves in relation to said piles 20, 20', 20", until the unit assembly 50, 50', 50"; 40; 30 reaches 
such level of floatability of the transport assembly 2000.

[0046] In this first embodiment, the stage of mounting the wind turbine 120 is carried out after 
the driving-in of the piles, as specifically illustrated in figures 10A, 10B, and 10C. To do this, 
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said winches 68a, 68b of said crossbars 66a, 66b actuate as if to draw in rope and, in 
consequence, raise said wind turbine 120 throughout a trajectory essentially parallel to the 
mast 30, until said wind turbine 120 is slightly above its final position in relation to said mast 30. 
Then, said crossbars 66a, 66b are displaced throughout said beams 64a, 64b to place said 
wind turbine 120 directly above its use position in relation to said mast 30, and said winches 
68a, 68b act again to lower said wind turbine 120 until its use position in relation to said mast 
30. If, before the transfer stage of the transport assembly 2000 until the location planned for 
the wind turbine towers, the wind turbine blades have been applied to said buoys 50, 50', 50", 
said crane assembly 62a, 62b, 62c, 62d; 64a, 64b; 66a, 66b; 68a, 68b can be used to place 
said blades.

[0047] In accordance with the climatological conditions in existence during the assembly stage 
of the wind turbine 120, such stage can be carried out in the condition of stable floatability of 
the assembly, as indicated, or after actuating said winches 22 to raise the unit assembly 50, 
50', 50"; 40; 30 above sea level so that the surge does not hit it during this stage. In any case, 
in this embodiment, after the assembly stage of the wind turbine 120 said winches 22 again act 
to make the unit assembly 50, 50', 50"; 40; 30 move in relation to said piles 20, 20', 20" until 
the level of floatability of the buoys 50, 50', 50" to avoid loads on said first securing devices and 
said second securing devices and thus facilitate the withdrawal of said buoys 50, 50', 50" from 
said platform 40. It must be indicated that the level of floatability of the buoys 50, 50', 50" is 
above the level of floatability of the transport assembly 2000.

[0048] Finally, after detaching said first securing devices and said second securing devices 
from one another and removing said buoys 50, 50', 50" from said platform 40 so that they are 
free to be taken to their next destination, said winches 22 again act to make said platform 40 
rise with respect to said piles 20, 20', 20", as shown in figures 11A and 11B. Given that said 
piles 20, 20', 20" are already driven into the seabed and do not go further, said platform 40 is 
raised until said platform 40 reaches the upper area 26, 26', 26" of said piles 20, 20', 20". After 
this, said anchoring means 10 are tensioned, preferably using tensioning devices disposed in 
the upper end of each anchoring means, which exist in the state of the art and are, therefore, 
not illustrated in the present document. In the embodiment illustrated, said upper area 26, 26', 
26" is above the maximum surge level, so that the waves do not hit the platform 40 and, as the 
section of the piles 20, 20', 20" is relatively small, the forces exerted by the waves on them are 
not high.

[0049] With reference now to figures 12A, 12B, 13A, 13B14A, 14B, a second embodiment is 
illustrated of a method of installation of an offshore wind turbine tower, with pile-based 
foundations with footing, in accordance with the present invention.

[0050] Specifically, figures 12A and 12B are respectively an elevational view and a top plan 
view of a footing 230 used in this second embodiment of a method of installation in accordance 
with the present invention.

[0051] Figures 13A and 13B show a stage of said second embodiment of a method of 
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installation of an offshore wind turbine tower, with pile-based foundations with footing, in 
accordance with the present invention, equivalent to the stage shown in figure 2 of said first 
embodiment of a method of installation of an offshore wind turbine tower, with pile-based 
foundations, in accordance with the present invention. In particular, figure 13A shows a pile 
body 220 vertically approximating a platform 240, in vertical correspondence with a vertical 
through-hole of a bracket 242. Said pile body 220 is displaced by means of conventional lifting, 
for example a crane, not shown. A footing 230 is disposed underneath said platform 240, in 
vertical correspondence with said vertical through-hole of said bracket 242. Said footing 230 
comprises a body 232 of footing and a protuberance 234 in the form of hollow tube which 
emerges from the lower face of said body 232 of footing and projects downward with a tapered 
wall profile in downward direction. Furthermore, said body 232 of footing comprises in its upper 
wall a recess 236 which has a contour coinciding with the contour of said pile body 220 and 
which houses a framework 238 which can be interlinked with a framework 222 which protrudes 
from a lower end of said pile body 220. Figure 13B shows that, once the pile body 220 has 
been inserted through said vertical through-hole of said bracket 242, said pile body 220 is 
applied to said footing 230 and said pile framework 222 is interlinked with said footing 
framework 238. At this point, concrete is poured in said recess 236 through a corresponding 
trough 231 so that said pile framework 222 and said footing framework 238 are solidly joined 
and, consequently, said pile body 220 is also solidly joined to said footing 230 to form a 
complete pile.

[0052] In this embodiment, during the stage illustrated in figures 13Aand 13B, said platform 
240 is supported at a certain level above the ground, using provisional supports 244, to allow 
disposing said footing 230 below said platform 240. Said level above the ground may be such 
that said platform 240 is in an intermediate position between the lower area and the upper 
area of each one of the piles, so that it would not be necessary to additionally displace said 
platform 240 for anchoring one end of each one of the anchoring means 210a, 210b, 210a', 
210b', 210a", 210b" to the lower area of each one of the piles, respectively. In other words, 
stage b) and stage e) described above would be carried out simultaneously, applying the piles 
to said platform now in a relative position such that said platform is placed in an intermediate 
position between the lower area and the upper area of each one of the piles.

[0053] As can be seen in figures 13A and 13B, said pile body 220 comprises an anchoring 
coupler 250.

[0054] Figures 14A and 14B show a stage of said second embodiment of a method of 
installation of an offshore wind turbine tower, with pile-based foundations with footing, in 
accordance with the present invention, equivalent to the stage shown in figures 11Aand 11B of 
said first embodiment of a method of installation of an offshore wind turbine tower, with pile­
based foundations, in accordance with the present invention. Given that the piles 220, 220', 
220", in particular their respective footings 230, 230', 230", are already embedded in the 
seabed and do not go any deeper, said platform 240 is raised until said platform 240 remains 
at a level with the upper area of each one of the piles 220, 220', in use position. After this, said 
anchoring means 210a, 210b, 210a', 210b', 210a", 210b" are tensioned, preferably using 
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tensioning devices disposed in the upper end of each anchoring means, which exist in the 
state of the art and are therefore not illustrated in the present document.

[0055] The method and the equipment to perform said second embodiment of a method of 
installation of an offshore wind turbine tower, with pile-based foundations with footing, in 
accordance with the present invention, are similar to the method and to the equipment to 
perform said first embodiment of a method of installation of an offshore wind turbine tower, with 
pile-based foundations, in accordance with the present invention, with the adaptations evident 
for a person skilled in the art in light of the teachings disclosed in the present document.

[0056] Passing to figure 15, it shows a plan view of alternative buoyancy means, which may be 
used both with the first embodiment of a method of installation of an offshore wind turbine 
tower, with pile-based foundations, in accordance with the present invention, illustrated in 
figures 2-11, and with the second embodiment of a method of installation of an offshore wind 
turbine tower, with pile-based foundations with footing, in accordance with the present 
invention, illustrated in figures 12-14. These buoyancy means comprises a single buoy 500 
instead of comprising three buoys 50, 50', 50" such as the buoyancy means described above. 
Furthermore, these alternative buoyancy means are similar to those described above. For 
example, said buoy 500 will have securing means applicable to complementary securing 
means of said platform 40 as the person skilled in the art will determine in light of the teachings 
of the present document. The planned direction of the resulting transport assembly 500; 40; 
30; 20, 20', 20"; 10 is represented in figure 15 using two parallel arrows.

[0057] Finally, figures 16A and 16B are views which illustrate anchoring configurations of 
anchoring means in a pile which can be used in a method of installation of an offshore wind 
turbine tower, with pile-based foundations, in accordance with the present invention. In 
particular, figure 16A shows an anchoring coupler 300 embedded in a pile 350, wherein the 
end of an anchoring means 360 shall be applied. The coupler 300 is embedded in one 310 of 
a plurality of holes 310, 320 disposed at different heights in said pile 350. Providing a plurality 
of holes 310, 320 disposed at different heights in said pile 350 enables anchoring the 
anchoring means 360 more above or below depending on the planned level of the seabed in 
the installed condition of the tower, so that piles may be manufactured which, with a single 
design, can be used with different planned level values of the seabed in the installed condition 
of the tower. In particular, figure 16B shows an anchoring device comprising a ring 400 which 
surrounds the pile 450, whereto is joined the end of an anchoring means 460 using an 
anchoring coupler 470. In a position diametrically opposite said anchoring coupler, said ring 
400 includes a pin 410 which is projected from said ring 400 in a radially internal direction in 
relation to said ring 400, until being inserted in a corresponding hole 420 of a plurality of holes 
420, 430, 440 disposed at different heights in the pile 450. Providing a plurality of holes 420, 
430, 440 disposed at different heights allows anchoring the anchoring means 460 more above 
or more below depending on the planned level of the seabed in the installed condition of the 
tower, so that piles may be manufactured which, with a single design, can be used with 
different planned level values of the seabed in the installed condition of the tower.
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[0058] After completing the method described, one or more of the following actions may be 
carried out, to further optimize said method.

[0059] Said buoys 50, 50', 50"; 500 may be returned to the dock 100 for their use in a new 
method in accordance with the present invention, with a new tower. Said platform 40 may be 
filled with ballast, for example if it is understood to be necessary in view of the type of terrain 
wherein the tower has been installed. The ballast may be water, optionally water from the 
same water mass wherein the tower is installed, driven by means of conventional pumps, for 
example. A fine levelling of the platform 40 on the piles 20, 20', 20"; 220, 220', 220" can be 
performed. Likewise, the joint between said piles 20, 20', 20"; 220, 220', 220" and said platform 
40 can be fulfilled with a hardenable material such as epoxy mortar. Finally, elements may be 
removed that may have been used in the method, which are not necessary for the operation of 
the tower in installed condition and which may be reused in new procedures, such as the 
winches 22.

[0060] Of course, once in installed condition, the tower is completed with the connection of the 
power lines and their commissioning, in conventional manner.

[0061] Alternatively, in the embodiment illustrated in the present document, the wind turbine 
and its corresponding blades may be mounted on the mast 30 in the factory, after the 
launching of the base assembly 1000 and the application of the buoys 50, 50', 50" to said base 
assembly 1000, so that the resulting transport assembly 2000 would have said wind turbine 
and said blades already mounted in operating position, thus avoiding the need for assembly 
operation of wind turbine means in the mast 30 on reaching the definitive site of the tower, 
normally a wind farm.

[0062] Using this last alternative, it also avoids using lifting means 60, although the buoys 50, 
50', 50" must be dimensioned so that it guarantees the stability of the assembly 2000 with the 
wind turbine means already mounted during the navigation, bearing in mind that the centre of 
gravity becomes at a higher level on mounting wind turbine means in the upper end of the 
mast 30.

[0063] Naturally, maintaining the principle of the invention, the embodiments and the 
construction details may widely vary in relation to those described and illustrated purely by way 
of non-limiting example, without for this reason departing from the scope of the invention as 
defined in the attached claims.

[0064] By way of non-limiting example, the embodiments described above include actuation 
and/or braking means based on winches, which logically may be different in number from 
those described here and illustrated by way of example in relation to the embodiments 
discussed, but said actuation and/or braking means may be based on another type of device, 
for example racks, hydraulic jacks, etc., as can be determined by a person skilled in the art in 
light of the teachings of the present document.
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[0065] The platform may have forms different to the three-point star described and illustrated 
in relation to the particular embodiments treated in the present document. It may be polygonal, 
with any number of sides, in the form of a star with a number of points different to three, etc., 
also varying the number of piles. Likewise, although in the specific embodiments described and 
illustrated, the piles, the mast, the platform and the buoys are made of concrete, using 
prefabricated concrete sheets and joined together by a manner known in the state of the art, 
all or part of them could in fact be made from another material, e.g. metal, composite, etc., or 
from a combination of materials, for example concrete-metal, metal-composite, concrete- 
metal-composite, etc. and they may have forms different to those disclosed in the description 
and illustrated in the figures.

[0066] Furthermore, the size and form of the footing will depend on the type of terrain 
anticipated on the seabed. The plan perimeter of the footing may be rectangular, as 
represented in figure 12B, or of any other form (polygonal, circular, etc.). If the characteristics 
of the terrain make it advisable, the pile-footing joint may be articulated, instead of embedded 
as represented in the present document.
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PATENTKRAV

1. Fremgangsmåde til installation af et offshore vindmølletårn (120) med pælebase­

rede fundamenter, hvor udstyret til implementering af fremgangsmåden omfatter en tårn­

mast (30), mindst tre pæle (20), forankringsmiddel, en platform (40) designet til at støtte 

masten (30) og til at hvile på pælene og opdriftsmiddel, hvor hver af pælene inkluderer et 

øvre område (26), som er designet til at være på niveau med platformen (40) i den instal­

lerede tilstand af tårnet, og et nedre område (24), der er designet til at modtage mindst to 

af forankringsmidler og er beliggende under det øvre område (26) og over det planlagte 

niveau af havbunden i den installerede tilstand af tårnet kendetegnet ved, at det 

omfatter følgende trin i enhver teknisk mulig rækkefølge:

a) at tilvejebringe en tårnmast (30), mindst tre pæle, forankringsmidler, en platform 

(40) med første sikringsmiddel (70) og opdriftsmiddel (50) med andet sikringsmiddel, hvor 

samspillet mellem det første og det andet sikringsmiddel producerer den gensidige sikring 

deraf;

b) på land, at påføre pælene på platformen (40), således at pælene i det væsentlige 

er vertikale, og hver af pælene kan forskydes aksialt, dvs. i en retning parallelt med pæ­

lens længdeakse i forhold til platformen (40);

c) på land, at påføre masten (30) på platformen (40) i den relative anvendelsesposi­

tion i tårnets installerede tilstand;

d) på land, at anbringe aktiverings- og/eller bremsemiddel operationelt mellem hver 

af pælene og platformen (40), således at aktivering af aktiverings- og/eller bremsemidlet 

styrer den aksiale forskydning af hver pæl med hensyn til platformen (40);

e) på land, at anbringe platformen (40) og pælene i en relativ position, således at 

platformen (40) er placeret i en mellemstilling mellem det nedre område (24) og det øvre 

område (26) af hver af pælene, muligvis ved hjælp af aktivering af aktiverings- og/eller 

bremsemidlet;

f) på land, at forankre én ende af hver af forankringsmidlerne til henholdsvis det 

nedre område (24) af hver af pælene, og at forankre den anden ende af hver af foran­

kringsmidlerne til platformen (40), fortrinsvis således at hvert af forankringsmidlerne ikke i 

det væsentlige støtter nogen trækspænding, og hvor i tårnets installerede tilstand danner 

hvert af forankringsmidlerne en vinkel med vertikalen;

g) at søsætte opdriftsmidlet

h) at søsætte basisaggregatet (1000), som omfatter platformen (40), masten (30), 

pælene og forankringsmidlet;

i) at sikre basisaggregatet (1000) til opdriftsmidlet (50) ved anvendelse af applikati­

onen til hinanden af det første og andet sikringsmiddel (70), at tilvejebringe opdriftsmidlet 

(50) med tilstrækkelig flydeevne til at holde transportaggregatet (2000) flydende, som 

omfatter basisaggregatet (1000) og opdriftsmidlet (50);

j) at overføre transportaggregatet (2000) indtil det sted, der er planlagt til vindmøl-
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letårnet (120);

k) at aktivere aktiverings- og / eller bremsemidlet, således at pælene forskydes ned­

ad i forhold til platformen (40), indtil den nedre ende af hver af pælene rører havbunden;

l) at fastgøre den nedre ende af hver af pælene til havbunden;

m) at aktivere aktiverings- og/eller bremsemidlet, indtil platformen (40) er i niveau 

med det øvre område (26) af hver af pælene;

n) at montere vindmølleturbinemiddel (120) på masten (30);

o) at frigøre det første og det andet sikringsmiddel (70) fra hinanden og at fjerne 

opdriftsmidlet (50) fra platformen (40); og

p) at spænde forankringsmidlerne.

2. Fremgangsmåde til installation ifølge krav 1, hvor forankringsmidlet er fleksibelt.

3. Fremgangsmåde til installation ifølge krav 2, hvor forankringsmidlet er stål- eller 

carbonfiberforspændingsarmering (10).

4. Fremgangsmåde til installation ifølge et hvilket som helst af de foregående krav, 

hvor det øvre område (26) er designet til at forblive over det maksimale vandniveau, der 

er anvendeligt i tårnets installerede tilstand.

5. Fremgangsmåde til installation ifølge et hvilket som helst af de foregående krav, 

hvori i trin o) aggregatet, der er dannet af opdriftsmidlet (50) og platformen (40) er i en 

dybde, der er lig med opdriftskraften af opdriftsmidlet alene.

6. Fremgangsmåde til installation ifølge et hvilket som helst af de foregående krav, 

hvor nævnte opdriftsmidler (50) er genanvendelige.

7. Fremgangsmåde til installation ifølge et hvilket som helst af de foregående krav, 

hvor vindmølleturbinetårnet (120) omfatter tre pæle, og platformen (40) også inkluderer 

tre gennemgående huller (44), i hvilke hver af disse tre pæle er anbragt og kan glide aksi- 

alt.

8. Fremgangsmåde til installation ifølge krav 7, kendetegnet ved, at gennemgående 

huller (44) er anbragt på steder, der er i samme afstand i forhold til hinanden og i forhold 

til centrum af platformen (40), og hvor masten af tårnet (30) er anbragt i centrum af plat­

formen (40).

9. Fremgangsmåde til installation ifølge et hvilket som helst af de foregående krav, 

hvor trin b) og trin e) udføres samtidigt, hvor pælene påføres platformen (40) nu i en rela­

tiv position, således at platformen (40) er placeret i en mellemstilling mellem det nedre 

område (24) og det øvre område (26) af hver af pælene.

10. Fremgangsmåde til installation ifølge krav 9, hvor platformen (40) hviler på en 

foreløbig piedestal eller er ophængt i en bestemt højde på tidspunktet for påføring af pæ­

lene til platformen (40).

11. Fremgangsmåde til installation ifølge et hvilket som helst af de foregående krav, 

hvor vindmølleturbinemidlet (120) før trin j) er anbragt på opdriftsmidlet (50).

12. Fremgangsmåde til installation ifølge krav 11, kendetegnet ved, at opdriftsmidlet
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(50) indbefatter løfteindretninger (60), der er i stand til at løfte vindmølleturbinemidlet 

(120) indtil sin brugsposition fra sin position på opdriftsmidlet (50).

13. Fremgangsmåde til installation ifølge et hvilket som helst af kravene 1 til 10, 

hvor trin n) udføres før trin j).

14. Fremgangsmåde til installation ifølge krav 13, hvor trin n) udføres på fabrikken.

15. Fremgangsmåde til installation ifølge krav 14, hvor trin n) udføres under anven­

delse af de midler, der anvendes til at udføre trin b) - c).

16. Fremgangsmåde til installation ifølge et hvilket som helst af de foregående krav, 

hvor pælene er pæle, der er designet til at blive drevet ind i havbunden for at frembringe 

fundamenterne, og hvor sikringen af trin 1) består af at udføre de nødvendige handlinger 

for at fuldføre drivningen af pælene.

17. Fremgangsmåde til installation ifølge krav 16, hvor trin 1) omfatter to undertrin:

11) at fordrive pælene ind i havbunden, simpelthen på grund af deres egen vægt;

12) at drive pælene ind i havbunden ved anvendelse af en ekstra vægt eller ved an­

vendelse af en pælestøder.

18. Fremgangsmåde til installation ifølge et hvilket som helst af kravene 16 og 17, 

hvor trin 1) eller undertrin 11) og / eller 12) udføres ved hjælp af eksterne pælestødemid- 

ler.

19. Fremgangsmåde til installation ifølge et hvilket som helst af kravene 16 til 18, 

hvor trin 1) eller trin 11) og / eller 12) udføres ved at aktivere betjenings- og / eller brem- 

semidler til hver af pælene, så at platformen (40) er forskudt opad med hensyn til pælene 

og vægten af platformen (40), og som følge heraf forårsager vægten af alle komponenter, 

der påføres platformen (40), indføring af pælene.

20. Fremgangsmåde til installation ifølge et hvilket som helst af kravene 1 til 15, 

hvor pælene har en nedre ende, hvad enten det er integreret eller tilbehør, i form af fod­

fæste (230), og hvor trin 1) består af at udføre de nødvendige handlinger for at afslutte 

indlejring af fodfæstet (230) i havbunden til den planlagte måling.

21. Fremgangsmåde til installation ifølge krav 20, hvor fodfæstet (230) omfatter en i 

det væsentlige vandret krop af fodfæste og mindst et fremspring, der kommer frem fra 

den nedre flade af kroppen af fodfæstet, og som har en konisk profil i nedadgående ret­

ning.

22. Fremgangsmåde til installation ifølge et hvilket som helst af kravene 20 og 21, 

hvor trinnet 1) udføres ved at aktivere betjenings- og / eller bremsemidlet på hver af pæ­

lene, således at platformen (40) forskydes opad med hensyn til pælene og vægten af plat­

formen (40), og som konsekvens deraf vægten af le komponenter, der påføres platformen 

(40), bevirker indlejring af fodfæste.

23. Fremgangsmåde til installation ifølge et hvilket som helst af de foregående krav, 

hvor opdriftsmidlet (50) er dannet af en enkelt opdriftsenhed.

24. Fremgangsmåde til installation ifølge et hvilket som helst af kravene 1 til 22,
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hvor opdriftsmidlet (50) omfatter flere opdriftsenheder.

25. Fremgangsmåde til installation ifølge krav 24, hvor adskillige opdriftsenheder 

(50) enheder af opdriftsmidlet indbefatter tredje fastgørelsesmiddel (70), således at sam­

spillet mellem det tredje fastgørelsesmiddel for de forskellige opdriftsenheder frembringer 

den gensidige sikring deraf.

26. Fremgangsmåde til installation ifølge et hvilket som helst af de foregående krav, 

hvor opdriftsmidlet (50) er motoriseret, så transportaggregatet (2000) er et selvkørende 

transportaggregat.

27. Fremgangsmåde til installation ifølge et hvilket som helst af de foregående krav, 

hvor masten (30) tilvejebragt i trin a) er dannet af strækninger af mast (30).

28. Fremgangsmåde til installation ifølge krav 27, hvor mindst ét strækningerne 

masten (30) er dannet af segmenter.

29. Fremgangsmåde til installation ifølge et hvilket som helst af kravene 27 og 28, 

hvor påføringen af masten (30) på platformen (40) i den relative brugsposition i tårnets 

installerede tilstand ifølge trin c) er udført af dele, dvs. enten ved anvendelse af en seg- 

ment-til-segment placeringsproces indtil den installerede tilstand af tårnet eller ved anven­

delse af en stræk-til-stræk placering proces, indtil den installerede tilstand af tårnet, når 

strækningerne er blevet formonteret, eller ved hjælp af en placeringsproces, som er en 

kombination af de to førnævnte processer.

30. Fremgangsmåde til installation ifølge et hvilket som helst af kravene 27 til 29, 

hvor masten (30) er teleskopisk selvudvidende.

31. Fremgangsmåde til installation ifølge krav 30, hvor masten (30) er i tilbagetruk­

ket tilstand under trin j).

32. Fremgangsmåde til installation ifølge krav 7, hvor forankringsmidlet er forankret, 

således at der fra hvert nedre område (24) af en pæl dukker op to forankringsmidler, hver 

af dem mod en spole (46) tæt på hinanden af de andre to pæle, således at der i tårnets 

installerede tilstand, når nævnte forankringsmiddel er spændt, er forankringsmidler, der 

danner et St Andrew Cross på hver imaginær overflade afgrænset af to pæle.

33. Udstyr til at udføre en fremgangsmåde til installation ifølge et hvilket som helst 

af de foregående krav, som omfatter en tårnmast (30), mindst tre pæle, forankringsmid­

ler, en platform (40) designet til at støtte masten (30) og til at hvile på pælene og op­

driftsmiddel (50), hvor pælene påføres platformen (40), så at pælene i det væsentlige er 

lodrette, og hver af pælene kan forskydes aksialt, dvs. i en retning parallelt med længde­

aksen af pælen med hensyn til platformen (40), hvor hver af pælene indbefatter et øvre 

område (26) designet til at være på et niveau med platformen (40) i tårnets installerede 

tilstand og et nedre område (24) ) designet til at modtage mindst to af forankringsmidler­

ne og placeret under det øvre område (26) og over det planlagte niveau af havbunden i 

tårnets installerede tilstand.

34. Udstyr ifølge krav 33, hvor forankringsmidlet er fleksibelt.
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35. Udstyr ifølge krav 34, hvor forankringsmidlet er stål- eller carbonfiberforspæn- 

dingsarmering (10).

36. Udstyr ifølge et hvilket som helst af kravene 33 til 35, hvor det øvre område (26) 

er designet til at forblive over det maksimale vandniveau, der er anvendeligt i tårnets in-

5 stallerede tilstand.

37. Udstyr ifølge et hvilket som helst af kravene 33 til 36, hvor opdriftsmidlet (50) er 

genanvendeligt
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