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Description

Object of the invention

[0001] The present invention relates to an anchoring system especially suitable for floating platforms that serve as a
base for wind turbines located in the sea. The anchoring system object of the present invention comprises a set of
anchoring cables or chains (anchoring lines) fastened to piles buried in the seabed or to weights located or deposited on
the seabed.
[0002] The anchoring system object of the present invention has unique characteristics that make it suitable to be used
on floating platforms that serve as a basis for maritime structures where it is important to avoid pitching or rolling
movement, as well as solving some drawbacks of other anchoring systems for floating platforms of the state of the art.
[0003] The present invention also relates to a method of installing a floating platform using said anchoring system.
[0004] The anchoring systemobject of the present invention is applicable to any type of structure intended to be located
floating on the surface of the sea, andwhich needs to have several anchoring points on the seabed, to fasten the cables or
anchoring chains of the floating platforms.

Background of the invention and technical problem to be solved

[0005] Floating platforms, especially those dedicated to supporting wind turbines for the generation of electrical energy
from offshore wind energy, need anchoring systems that keep them in their position and contribute to their stability.
[0006] In the state of the art, platforms of the Tension Leg Platform (TLP) type are known. These platforms comprise
three or more anchoring lines (usually chains or cables that connect the platform with piles anchored to the seabed). The
anchoring lines of TLP platforms are designed to be disposed in tension, connecting the platform in an upright position to
eachof the piles anchoredon the seabed. TLPplatforms comprise a set of floats designed to produceanexcessbuoyancy
of the platform (taking into account the weight of the structure that sits on the platform). This excess buoyancy ensures a
high level of tension in the cables, which in turn ensures that they are always upright. In this way, the pitching and rolling
movements of the platform and the structure that sits on the platform are avoided.
[0007] EP 2743170 A1 describes a TLP platform as described in the previous paragraph.
[0008] Adisadvantage of TLP platforms is that the high tension of the cables necessary to keep them in vertical position
and thusavoid pitchingand/or rollingmovements also results in blockingmovement in the vertical directionof theplatform.
Thus, when the tide rises, the platform cannot move upwards (due to the fact that the anchoring lines have reduced or no
extensibility) and, therefore, the tension in the anchoring lines increases considerably. This causes a high risk of breakage
of the anchoring lines and requires having high-section anchoring lines or increasing the number of anchoring lines.
Additionally, inTLPplatforms, in very low tide situations, theplatformalsodescendsand theanchoring linescan losemuch
of their tension, increasing the risk that the platformmoves both vertically and laterally in an uncontrolledmanner, and also
increasing the risk that pitching and/or rollingmovements occur (due to the thrust of thewind and/or waves on the platform
and the structure that sits on it) that can result in the overturning of the platform.
[0009] To avoid the aforementioned drawbacks, other types of floating platforms are known where the anchoring lines
are connected to a counterweight through pulleys located on the platform. These types of platforms allow the vertical and
lateral displacement of the platform in the face of tides, waves and wind, thus making it unnecessary to have a large
number of anchoring lines or anchoring lines of a high section.
[0010] Document ES 2629867 A2 describes a platform as described in the previous paragraph.
[0011] Anexistingproblemwith theanchoringsystemdescribed in thedocumentmentioned in thepreviousparagraph is
that floating platforms that use said anchoring systemare subjected to pitching and/or rollingmovements that can become
important, which make the anchoring system described in said document not the most suitable for:

- applications where there are persons likely to become seasick with the movements of the platform (i.e. other than
marine professionals), such as young children, tourists, scientists, guests and visitors in general;

- floating platforms on which offshore marine wind turbines are installed, where it is important to avoid rolling and/or
excessive pitching of the platform;

- applications in which the equipment installed and the activity to which it is dedicated (laboratories, research centers,
factories) require that the movements and accelerations of the platform are small;

- floating platforms thatmay be subjected (at somepoint) to extremely severe storms, that could endanger the safety of
the same structure or that may overturn it (if the pitching movements were very large).
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Description of the invention

[0012] In order to remedy the aforementioned drawbacks, the present invention relates to a anchoring system.
[0013] The anchoring system object of the present invention comprises a floating platform (for example, to support a
wind turbine) and at least one pair of anchoring lines (for example, anchoring cables or anchoring chains), configured to fix
or anchor the floating platform to the seabed (for example to piles driven into the seabed, or to bottomweights or anchoring
rings deposited on the seabed) by at least one bottom section of each anchoring line.
[0014] Each anchoring line also comprises a central section attached to a counterweight.
[0015] Each pair of anchoring lines comprises two anchoring lines arranged in a plane passing through a central axis of
the floating platform. These anchoring lines arranged in the same plane are located respectively on either side of the
central axis of the floating platform.
[0016] The central axis of the floating platform preferably defines a radial symmetry of the floating platform.
[0017] The anchoring system comprises at least one first rotary fixing means (e.g., a pulley) for each anchoring line,
wherein each first rotary fixingmeans is fixed to a first point of the floating platform and is configured to fix each anchoring
line to the floating platformat said first point of the floating platform, allowing sliding of the anchoring line on said first rotary
fixing means.
[0018] As a novel feature, in the anchoring system object of the present invention:

- each anchoring line comprises at least one direct subline and one cross subline. These sublines are chains or cables
that run in parallel, at least in their bottom section. Each direct subline runs from the first rotary fasteningmeans to the
counterweight without passing through the central axis of the floating platform. Each cross subline runs from the first
rotary fasteningmeans to the counterweight through the central axis of the floating platform. The first rotary fastening
means may, for example, be formed by a pulley with two sheaves (for the passage/sliding of the two anchoring
sublines), or by a set of two pulleys.

- The system comprises at least one second rotary fixing means (e.g., a pulley) for each anchoring line, wherein each
second rotary fixingmeans is fixed to a second point of the floating platform and is configured to fix each cross subline
of each anchoring line to the floating platformat said secondpoint of the floating platform, allowing the cross subline to
slide on said second rotary fixing means, such that each cross subline runs from the first rotary fixing means to the
counterweight first through the central axis of the floating platform and secondly sliding on the second rotary fixing
means.

[0019] By means of the anchoring system described above, the pitch and/or roll of the floating platform is cancelled or
drastically reduced with respect to other anchoring systems such as that described in document ES 2629867 A2, while
leaving the floating platform free to move vertically, also allowing restricted horizontal movements.
[0020] By means of the anchoring system described above, the pulley system used in other anchoring systems by
means of pulleys and cables in the state of the art is mechanically simplified. Since there are no central pulleys located in
correspondencewith the central axis of the floating platform, the anchoring system is simpler and,moreover, all the central
pulleys of all the arms that make up the system do not coincide in almost the same point.
[0021] Additionally, by means of the anchoring system described above, the pendular movement characteristic of the
central counterweight, induced by the horizontal movements of the platform due to the waves, is eliminated.
[0022] Likewise, by means of the anchoring system described above, the need to have a central well in the hull (main
structureor central structure) of theplatform is eliminated,which in the state of the artwasnecessary for thepassageof the
central sections of the anchoring lines (those that hold the central counterweight).
[0023] Preferably, the floating platform comprises a pair of projecting structural arms for each pair of anchoring lines.
Thus, eachpair of protruding structural arms comprises a first armanda second arm located symmetrically with respect to
the central axis of the floating platform.Each projecting structural arm is attached to amain structure (or hull) of the floating
platform. Each projecting structural arm runs radially from a first end attached to themain structure of the floating platform
to a secondendprojected to theoutside of the floating platform. Thus, the at least one first rotary securingmeans is fixed to
the floating platform in correspondence with the second end of the first arm, and the at least one second rotary securing
means is fixed to the floating platform at a point located in correspondence with the second arm.
[0024] The main structure (or hull) of the floating platform may have a shape in the form of a cylindrical, conical or
pyramidal shaft. Additionally, the anchoring system may comprise a plurality of spokes connected to this main structure,
whereat each freeendof eachspoke there is a flotationelement. These flotationelementsmaycompriseat least oneflood
chamber.
[0025] Themain structure (or hull) of the floating platformmay lack the aforementioned spokeswith floating elements at
their ends.However, themain structureor hull, with a shaft-shapedgeometry,may comprise at least one flotation element.
This at least one flotation element may comprise at least one floodable chamber.
[0026] The floating elements provide buoyancy and, when they are floodable, allow the floating platform to bemoved or
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towed to its placeor site of installation,witha reducedweight and, subsequently, flood the corresponding floatingelements
to provide tension to the anchoring cables, increasing their stability.
[0027] When the flotation elements are located at the end of spokes attached to the shaft, the structure is particularly
stable, and appropriate to guarantee the stability of the floating platform in the installation maneuver.
[0028] Alternatively to the shaft-shaped geometry, the main structure (or hull) of the floating platform may comprise a
ring-shaped geometry, said ring being attached bymeans of spokes to a cylindrical, conical or pyramidal shaft. This main
structure may constitute a flotation ring (a float or ring-shaped flotation element). This flotation ring may comprise at least
one flood chamber.
[0029] This structure in the form of a floating ring also provides great stability to the floating platform.
[0030] The anchoring systemmay comprise at least one third rotary fasteningmeans (e.g., a pulley) for each anchoring
line. Each third rotary fixingmeans is fixed to a third point of the floating platformand is configured to fix each direct subline
of each anchoring line to the floating platform at said third point of the floating platform allowing sliding of the direct subline
by said third rotary fixing means, such that each direct subline runs from the first rotary fixing means to the counterweight
passing and sliding by the third rotary fixing means.
[0031] This third rotary fixing means allows the direct subline to run in an intermediate section parallel to one of the
protruding structural arms, so that the central section (which is directed from the third rotary fixing means to the
counterweight) runs closer to the central axis of the floating platform.
[0032] Additionally, theanchoring systemmaycomprise at least one rotary guidingmeans (e.g., a pulley or flutedwheel)
for each anchoring line, wherein each rotary guiding means is fixed to a fourth point of the floating platform and is
configured to guide the course of the cross subline of each anchoring line allowing the cross subline to slide by said rotary
guidingmeans, such that each cross subline runs between the first rotary fixingmeans and the second rotary fixingmeans
passing and sliding by the rotary guiding means.
[0033] This rotary guiding means allows the crossed sub-line to avoid obstacles in its path from the first rotary fixing
means through the central axis to the second rotary fixing means. By means of this rotary guiding means, it is possible to
prevent the crossed sublines of all the anchoring lines from collidingwith each other, or the crossed sublines fromcolliding
with the main structure of the floating platform.
[0034] Preferably, each bottom section of each anchoring line comprises a buoy that divides the bottom section into a
first portion that runs between the seabed and the buoy and a second portion that runs between the buoy and the at least
one first rotary fixing means.
[0035] The above feature facilitates the installation of the floating platform, since the bottom weight, pile or anchoring
ringattached toafirst portionof thebottomsection (with thebuoy) canbearranged inapre-installationmaneuver (once the
location of the floating platform has been chosen) and, subsequently, connect the second portion of the bottom section
directly to the buoy, when the floating platform and the counterweight have moved to the installation site.
[0036] Also preferably, the counterweight of the anchoring system comprises at least one floodable flotation chamber.
This feature also facilitates the transport of the counterweight (which canbe transportedwithout floodingwith lessweight),
and also facilitates a progressive contribution of tension to the anchoring lines, as the at least one floodable flotation
chamber is filled.
[0037] Thepresent inventionalso relates to amethodof installing a floating platform, employing ananchoring systemas
described above.
[0038] Thus, the method of installing a floating platform object of the present invention comprises:

- positioning and/or anchoring to the seabed, under a place or installation site of the floating platform, at least one
anchor and/or at least one bottom weight, and/or at least one anchoring ring and/or a set of piles;

- moving the floating platform and the counterweight to its place of installation, where the at least one flood chamber is
located without flooding;

- fix a free end of the bottom section of each anchoring line:

∘at least oneanchor and/or at least onebottomweight, and/or at least oneanchoring ringand/or the set of piles, or
∘ to a buoy previously attached by a first portion of the bottom leg of the anchoring line to the at least one anchor
and/or the at least one bottom weight, and/or the at least one anchoring ring and/or the set of piles;

- fixing a free end of the central section of each anchoring line to the counterweight;

- dragging the floating platform sideways until the anchoring lines are tensioned, and;

- flooding the at least one flotation chamber.
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[0039] In the anchoring systemof the present invention, the floating platform does not need to rest on the bottom, so it is
suitable for areas of any sea depth, both near the coast (for example, 80mdeep), and away from it (up to depths of 1000m
or more) and at any intermediate distance, since it is able to withstand very severe storms.
[0040] In the preferred embodiments of the anchoring system of the invention, several platforms (for marine wind
turbines) are presented that are intrinsically stable in all their possible states, from manufacture in port, to their final
operating condition, through the transport to thewind farm and the assembly phases of the system cabling, flooding of the
counterweight and final adjustments. Therefore, the installation process is much simpler and faster. No special ships are
needed, just a small conventional tugboat.
[0041] The anchoring system of the invention makes it possible to uninstall and move the floating platform to another
location, by means of a novel more simplified and faster procedure than that proposed in ES 2629867 A2.
[0042] The main features and advantages of the anchoring system of the invention are:

- It can be applied to any type of platform, especially for windmills and platformsdedicated tomaritime leisure activities;

- It fully prevents the pitching and rolling movement of the platform, but allows horizontal or vertical movements;

- It does not need foundations, nor special preparation of the seabed (although conventional foundations can be used
that are simpler than usual ones);

- The optimal draughts are between 50m and 400m, although it can reach greater depths;

- It can be installed or relocated (as many times as desired) without the need for special ships, using only a tugboat to
move it;

- It can be adapted to capture wave energy by simply including one or more conventional generators;

- The forces that appear in the anchoring linesaremuch lower thanonTLPplatforms; if oneanchoring line breaks, it still
works with the others. In addition, it can be repaired / replaced on site;

- It allows designing platforms that are much lighter (and therefore cheaper) and with reduced strut (resulting in less
visual impact);

[0043] The anchoring system of the invention is applicable to any floating marine installation, in which the movement
requirements are an important condition of the design, especially in the following cases:

- Tourism,maritime leisure and nautical sports: a platform designedwith this type of anchoring is ideal for the hotel and
recreation industry, sincemost of the potential customers of this type of facilities are not expert sailors and the fact that
it moves very little is highly attractive; a hotel can be installed, placing it in extraterritorial watersmore than 10 nautical
miles from the coast, so it could have rest facilities, recreation, casino and gaming rooms, theme parks or any type of
facilities for which an equivalent installation on land could find urban impediments or have difficulties in obtaining
opening permits or have problems with current municipal regulations; being far from the coast, the depth of the sea is
greater and it is not possible to support the hotel on the seabed; in addition, the waves are greater, so a conventional
platform would move too much for this application.

- Wind farms.Windmills needabase thatmovesas little aspossible, in fact, onceacertain level of inclination (pitch) or a
certain level of acceleration is exceeded, the wind turbinesmust be stopped for safety reasons. The fact that it moves
less than current ones increases the profitability of the installation, by having more net hours per year to generate
electricity. In fact, all the preferred embodiments presented in this patent application refer to platforms specifically
designed as a support for marine wind turbines.

- Alternative energies. By its very nature, the proposed system reduces the pitch angle of the platform by drawing
energy from the translation movement of the main float (flotation element). This is done by incorporating an electric
generator to oneof the pulleys (2 or 3) of the shockabsorber lines. Theelectrical energygenerated canbeused for the
own consumption of the installation or sent to earth through the corresponding electrical cable. Indeed, the present
invention may be approached from two points of view:

∘ As a collector of renewable energies: It is a system that extracts energy from the movement of the platform
caused by the waves, simultaneously cancelling the inconvenient pitch and roll movements of the platform;
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∘ As a comfort device: It is a system that overrides the pitching movements of the platform, which can also
generate energy from the waves.

From the secondpoint of view, the energy extracted from the damping lines can be dissipated directly in the formof heat or
canbe converted into electrical energy. If it is dissipated, the necessary equipment is cheaper and simpler, themovements
of the platform would be the same but the full potential of the system is not exploited. If it is decided to use the available
energy, it can be stored in batteries or consumed on board in the facility.
[0044] Thus, one or more damping lines with or without energy collectors may be included in the anchoring. The
fundamental mission of these lines is to reduce the vibrations (oscillations) that can occur as a result of the elasticity of the
anchoring cables, in a system that is conceptually quite rigid (in general it is a hyperstatic system). These low/medium
frequency vibrations could significantly increase the accelerations on the platform and render it unacceptable. The
incorporation of the shock absorber lines almost completely cancels out these vibrations (oscillations).
[0045] These damping lines are very similar to the locking anchoring lines (the anchoring lines attached to an anchoring
element or pile on the seabed),with the difference that oneof their pulleys (internal or external) drives anelectric generator
(if the energy is to be used) or a hydraulic or electrical dissipator (if they only function as dampers).

Brief description of the figures

[0046] As part of the explanation of at least one embodiment of the invention, the following figures have been included,
by way of illustration and in a non-limiting manner.

Figure 1: Shows a front schematic view, in the resting position, of two anchoring lines (arranged in the same plane)
according to a possible embodiment of the anchoring system object of the present invention.

Figure 2: Showsa schematic viewof the theoretical displacement of two central anchoring lines, in a counterbalanced
anchoring system according to the state of the art.

Figure 3: Shows a diagram of the forces acting on a structure employing the anchoring system object of the present
invention.

Figure 4: Shows a schematic view similar to that of figure 1, where the buoys of the bottom sections of the anchoring
lines have been suppressed.

Figure 5: Shows a schematic view of the anchoring system of figure 4, wherein said anchoring system has been
displaced horizontally and vertically by the effect of waves and wind.

Figure 6: Displays a schematic view of the displacement of an anchoring system in which the bottom sections of
diametrically opposed anchoring lines are parallel.

Figure 7: Displays a schematic view of the displacement of an anchoring system in which the bottom sections of
diametrically opposed anchoring lines are divergent.

Figure8:Showsaschematic perspectiveviewof ananchoring systemaccording to thepresent invention,wherein two
pairs of anchoring lines (i.e., four anchoring lines) arranged in two perpendicular planes are observed.

Figure 9: Shows a top view of the anchoring system of figure 8.

Figure 10: Shows a front schematic view of a first phase of installation of a anchoring system according to the present
invention, wherein four protruding structural arms of the floating platform (two of them in a plane perpendicular to the
view of the figure) are observed, which support four anchoring lines of two pairs of anchoring lines, and wherein the
secondportion (upperportion) of thebottomsectionsof theanchoring lineshasnot yet beenconnected to thebuoysof
the first portion (lower portion) of the bottom sections of the anchoring lines.

Figure 11: Shows a schematic view of the anchoring system of figure 10, wherein the second portion of the bottom
sections of the anchoring lines has already been connected to the buoys.

Figure 12: Shows a schematic view of the anchoring system of figure 11, wherein the floodable chambers of the
flotation elements and the counterweight have been flooded.
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Figure 13: Displays a side schematic view of a first embodiment of the anchoring system according to the present
invention,wherein a floatingplatformcomprisinga cylindrical-conical shaft-shapedmain structurewith four projecting
structural arms supporting four anchoring lines is observed, and wherein the main structure of the floating platform
comprises four spokesconnectedwithsaidmainstructure, eachof thespokescomprisingafloatingelementat itsend.

Figure 14: Displays a perspective view of the anchoring system of figure 13.

Figure 15: Displays a front schematic view of the anchoring system of figure 13 and figure 14.

Figure 16: Shows a side schematic view of a second embodiment of the anchoring system according to the present
invention, wherein a floating platform is observed comprising a cylindrical-conical shaft-shaped main structure with
four projecting structural arms supporting four anchoring lines, andwherein themain structure of the floating platform
comprises three floating elements.

Figure 17: Displays a perspective view of the anchoring system of figure 16.

Figure 18: Displays a front schematic view of the anchoring system of figure 15 and figure 16.

Figure 19: Shows a front schematic view of a third embodiment of the anchoring system according to the present
invention, wherein a floating platform comprising a floating ring-shapedmain structure, with four projecting structural
arms supporting four anchoring lines, is observed.

Figure 20: Displays a perspective view of the anchoring system of figure 19.

Figure 21: Displays a side schematic view of the anchoring system of figure 19 and figure 20.

Detailed Description

[0047] The present invention relates, asmentioned above, to an anchoring systemcomprising a floating platform (100).
[0048] Some elements cited in this description are defined below.
[0049] Float or flotation element (500): a closed and watertight wrapper, totally or partially submerged in water, which
canbesubjected to hydrostatic or hydrodynamic forcesdue towavesor sea currents. If it is partially submerged, it canalso
be subjected to forces originating from the wind on its side or superstructures.
[0050] Hull or main structure (400): a structure comprising one or more watertight floats or flotation elements (500) that
form a rigid and resistant assembly, in which at least one of them is partially submerged.
[0051] Floating platform (100): a hull ormain structure (400) of any shapeor configuration, which additionally comprises
other elements or structures (spokes (600), protruding structural arms (12), floatingelements (500), etc.), dedicated to any
function (accommodation, industrial or recreational facilities, windmill support, etc.), equipped with the anchoring system
proposed herein.
[0052] External agents: the wind, sea currents, waves, internal load movements or any element external to the floating
platform (100) that tries to move it away from its design position or tries to transmit pitch or roll movements.
[0053] Tension of the cable or anchoring line (200): tensile force to which the cable or anchoring line (200) is subjected
(due to its flexible nature, the cable cannot be subjected to compressive forces).
[0054] Central counterweight (1): a fully submerged hull, of average density greater than 1.2 kg/dm3, which keeps the
anchoring lines (200) that are connected to it taut. In simple installations there is only one counterweight (1) located on the
central axis (300) of the floating platform (100), but there may be several counterweights (1) or be located below other
points of the floating platform (100).
[0055] Anchor block or bottomweight (4): a (large)weight supported on the seabed (5), towhich the cables or anchoring
lines (200) of the anchoring system are attached. In other conventional installations, it is equivalent to the anchor, to the
’deadweight’ that keeps buoys or other marine elements in their position or to any other type of anchorage by means of
piles.
[0056] Anchor cable or anchoring line (200): a cable, chain or tie of any type that keeps the floating platform (100)
attached to the bottom weight (4), preventing the floating platform (100) from being dragged by external agents. Each
anchoring line (200) is composed of the following elements:

- Bottom section (8): the part of the anchoring line (200) that joins the bottomweight (4) with the first rotary fixingmeans
(3) (or external pulley) of the anchoring line (200). In most applications, in the projected conditions the bottom section
(8) is completely vertical, although inspecial cases itmaybeslightly divergent. In somecases it canbe inasinglepiece
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reaching the seabed (5); in other cases, the bottom leg (8) is split or divided into a first portion (bottom portion) and a
second portion (top portion), and both portions (top and bottom) are joined together by an intermediate buoy (9).

- Intermediate section (7): the part of the anchoring line (200) that joins the outer pulley (the first rotary fixingmeans (3))
with the inner pulley or pulleys (the second rotary fixingmeans (2c) and, eventually, the third rotary fixingmeans (2d))
that hold the cable; it can be horizontal or it can have a slight slope (if the pulleys are not at the same height).

[0057] More specifically, as will be seen below, the anchoring line 200 comprises a cross subline (200c) and a direct
subline (200d). The intermediate section (7) is the part of the cross subline (200c) of the anchoring line (200) that joins the
first rotary fixing means (3) (or external pulley) with the second rotary fixing means (2c) (or internal pulley).
[0058] In addition, in the case of a third rotary fixing means (2d) (or internal pulley), the intermediate section (7) also
refers to the part of the direct subline (200d) of the anchoring line (200) that joins the first rotary fixing means (3) with the
third rotary fixing means (2d).

- Central section (6): the part of the anchoring line (200) that joins the inner pulley (or each of the inner pulleys) with the
central counterweight (1).

- Intermediate buoy (9): an optional element which can be interposed in the bottom section (8) of each anchoring line
(200). The buoy (9) is attached to the seabed (5) by a cable (a first portion of the bottom leg (8) of the anchoring line
(200)). The first portion of the bottom leg (8) may comprise one ormore cables or chains in parallel. The advantage of
using this buoy (9) is that it can be pre-installed when the ground is conditioned and the bottom weights (4) are put in
place, levelling it at the correct height so that then, when installing the floating platform (100), one only has to connect
the anchoring lines (200) (the second portion of the bottom section (8) of each anchoring line (200)) to the buoy (9),
which come prepared with their correct length, significantly accelerating the installation process of the floating
platform (100).

- Central axis (300) of the anchoring system: a vertical axis that passes through the center of gravity of the counter-
weight (1) in its resting (or projected) position. Preferably, this central axis (300) constitutes a central axis (300) of
symmetry of the floating platform (100).

- Anchoring subline (generic): the basic unit of the anchoring system, composed of the following elements:

∘Amooring weight (or bottomweight (4)) supported on the seabed (5) (whichmay be shared by several mooring
sublines);

∘ A first rotary fastening means (3) (or external or external pulley): fixedly or partially flexible (or rotating/tilting)
fastened to the floating platform (100), close to the vertical of the bottom weight (4);

∘ One or two internal or inner pulleys (2) (a second rotary fixing means (2c) and, optionally, a third rotary fixing
means (2d)): fixedly or partially flexible (or rotating/tilting) fastened to the floating platform (100), at some point of
the floating platform structure (100). Despite their name, they are at a certain distance from the central axis (300)
of the floating platform (100);

∘ The corresponding part of the central counterweight (1) (several cables must necessarily share the same
counterweight (1));

∘A cable that joins all these elements, composed of the sections defined above (central section (6), intermediate
section (7) and bottom section (8));

∘ Optionally there may be an intermediate buoy (9) sandwiched in the bottom section (8);

∘ Optionally there may be some intermediate pulleys (rotary guiding means (11)), which serve to support the
intermediate section (7) of the cable of the anchoring sublines, or which help to orient the cable by the most
suitable path.

Someof the pulleys described above canbe self-adjustable, to adapt to the direction variations suffered by the central
section (6) and the bottom section (8), due to the movements of the floating platform (100).
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- Protruding structural arms (12): on floating platforms (100) inwhich theexternal pulleys (first rotating fixingmeans (3))
are farther from the central counterweight (1) than the perimeter of the main structure (400) of the floating platform
(100), these protruding structural arms (12) are extensions of the bracket-shaped helmet (or any other type of
structure) which serve to clamp the external pulleys (first rotating fixingmeans (3)), inner pulleys (2) (second rotating
fixing means (2c) and, optionally, third rotating fixing means (2d)) or intermediate pulleys (rotating guiding means
(11)).

- Crossed subline (200c): Ananchoring subline inwhich the inner pulley (second rotary fixingmeans (2c)) is beyond the
central axis (300) of the floating platform (100), almost diametrically opposite the corresponding outer pulley.

- Direct subline (200d): An anchoring subline inwhich the inner pulley (third rotary fixingmeans (2d)) is very close to the
outer pulley (first rotary fixing means (3)). However, it is also possible that the direct subline (200d) does not have an
inner pulley (third rotary fixing means (2d)); in this case, the cable is directed from the outer pulley (first rotary fixing
means (3)) directly to the counterweight (1).

[0059] A complete anchoring line (200) is a set of two anchoring sublines (a direct subline (200d) and a cross subline
(200c)), which share the same bottom weight (4), a part of the bottom section (8) of the anchoring cables and the
corresponding part of the central counterweight (1). Its external or external pulleys (first rotating fixingmeans (3)) are very
close to each other; in general, they are parallel with the same axis of rotation. On platforms using protruding structural
arms (12), theseouter sheaveshang from theendof thesameprotruding structural arm (12). Insteadof twoouter sheaves,
it may comprise a single outer sheave with at least two sheaves (one sheave for the direct subline 200d and another
sheave for the cross subline 200c).

- Locking line: a generic anchoring line (200) (as described above) in charge ofmaintaining the verticality of the floating
platform (100). Its elements are large, as they canbe subjected to great stresses in their anchoring cable, especially in
the floating platforms (100) that serve as support for wind turbines.

- Shock absorber line: an anchoring line (200) with some variations:

∘One of its pulleys (the inner or the outer one interchangeably) is connected with an electric generator through a
gearbox (or to a hydraulic motor that moves a generator), which allows to capture the energy of themovement of
the floating platform (100);

∘ The central section (6) of the anchoring cable has a more elastic part (which functions as a spring), so that it
absorbs variations in length with respect to the locking lines;

∘ The voltage of the cable is limited by the electrical characteristics of the generator and is much lower than the
voltage of the locking lines;

∘Thesizeof itselements (cablediameter, pulleys, supports...) isalsosmaller, due to the lower stresses towhich its
cable is subjected. In fact, they may be made of other materials that are less resistant than the locking lines.

- Parallel anchoring line (200): ananchoring line (200) inwhich itsbottomsection (8) is vertical (in its restingposition), as
shown in figures 1 to 6; all the bottom sections (8) remain parallel even if the platform moves.

- Divergent anchoring line (200): an anchoring line (200)which in its bottomsection (8) (the one fastenedon the seabed
(5)) is not vertical, but instead is inclined outward (forming an angle (A) with the vertical), that is, the lower end of the
anchoring line (200) is further away from the central counterweight (1) than the outer pulley (figure 7).

- Group of anchor lines (200): It is the set of several anchoring lines (200) (locking or damping) that share a common
central counterweight (1). The resulting arrangement is necessarily radial, although each branch may have different
size (distance between the centerline axis and the outer pulley). All the internal pulleys of the group must be at the
same distance from the central axis (300) of the floating platform (100) (which coincides with the vertical of the
counterweight (1)).

[0060] Floating platforms (100) with very elongated geometries may have installed several groups of anchoring lines
200 acting on the same counterweight (1) (the centerlines of each group of anchoring lines 200 are fastened to different
points of the counterweight (1), which is also elongated).
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[0061] On particularly large floating platforms (100), there may be several groups of anchor lines (200), each group
having its corresponding counterweight (1).
[0062] In all the preferred embodiments shown in the figures, the anchoring system has only one group of anchoring
lines (and therefore a single counterweight (1)).

- SLP (Soft Leg Platform): a floating platform (100) on which the anchoring system proposed in this patent application
has been installed. In each complete anchoring line (200) there are two anchoring sublines (200d, 200c), whose inner
pulleys (second rotary fasteningmeans (2c) and third rotary fasteningmeans (2d)) are at the same distance from the
central axis (300) of the floating platform (100). Each anchoring line (200) is composedof a direct subline (200d) and a
cross subline (200c), whose inner pulleys (second rotary fixing means (2c) and third rotary fixing means (2d)) are
located symmetrically with respect to the vertical central axis (300) passing through the central counterweight (1), as
can be seen in figures 8 and 9.

- Central well (optional, not shown in the figures): a hole that vertically crosses the entire floating platform (100), just
below the inner pulleys, for thepassageof thependulum (cablesof the central section (6) andcounterweight (1)); if the
inner pulleys are very far apart from the vertical of the central counterweight (1), the central well is unnecessary.

[0063] Most of the elements that make up the proposed system have been described above. There are other optional
elements that can help the proper functioning of the main elements and other elements that can help the actual
implementation in a given platform.
[0064] The simplest configuration is composed of four locking anchoring lines (200), each of which is composed of two
sub-lines (one direct (200d) and one cross (200c)), each of which includes:

- A bottom weight (4) supported on the seabed (5);

- Two rotary pulleys or fixing means (2, 3): an outer pulley (or first rotary fixing means (3)) and another inner pulley
(second rotary fixingmeans (2c)); optionally, theremay be a second inner pulley (or third rotary fixingmeans (2d)) for
the direct subline (200d) of each anchoring line (200);

- A central counterweight (1), common to the four anchoring lines (200);

- A cable (in each subline) that joins the bottomweight (4) with the central counterweight (1), passing through the outer
pulley (first rotary fastening means (3)) and the inner pulley (second rotary fastening means (2c) or third rotary
fastening means (2d)), defining three sections (6, 7, 8) in sublines (200c, 200d) that have inner pulleys:

∘Thecentral section (6) of theanchoringcable,which joins the innerpulley (second rotary fasteningmeans (2c) or
third rotary fasteningmeans (2d)) with the central counterweight (1). Its length depends on the vertical position of
the central counterweight (1).Optionally, the portion of the cable closest to the central counterweight (1) has been
referred to as the anchoring cable adjustment leg and can be used to adjust the total length of the cable to
irregularities of the bed or seabed (5) at the point where the floating platform (100) is to be placed;

∘The intermediate section (7) of the anchoring cable, which joins the inner pulley (second rotary fasteningmeans
(2c) or third rotary fastening means (2d)) with the outer pulley (first rotary fastening means (3)), and which has a
constant length due to its nature;

∘ A bottom section (8) of the anchoring cable, which joins the outer pulley (first rotary fixing means (3)) with the
bottomweight (4). Its lengthdependson thegeographical positionof theplatform (i.e. thedepthof theseabed (5)).
Optionally, this bottom section (8) may be divided into two parts or portions that are attached to an intermediate
buoy (9). In this way the installation and maintenance operations of the cables are facilitated.

[0065] Since the three sections (6, 7, 8) are part of the same cable, the sum of their lengths is constant. The mission of
these elements is to prevent the roll and pitch movement of the floating platform 100, allowing it to move horizontally or
vertically.
[0066] If the floating platform (100) moves vertically a height V, the counterweight moves vertically a height 2V, but the
forces on the floating platform (100) hardly vary.
[0067] If the floating platform (100) moves a quantity H horizontally, the anchoring lines (200) generate an opposing
horizontal force that tends to return the floating platform (100) to its original position. The vertical forces on the floating
platform (100) hardly vary. The counterweight (1) moves slightly upwards.
[0068] If a bendingmoment is applied that attempts to cause the floating platform 100 to rotate in the pitch direction, the
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tensions of the cables of the anchoring lines 200 vary to compensate for it and prevent rotation; if that bending moment
increasessufficiently, oneof theanchoring lines200will lose its tensionand thefloatingplatform100will beheldonlyby the
other anchoring lines 200. In general, the hull or central structure (400) of the floating platform (100)will begin to submerge
slightly.
[0069] When all but one of the anchor lines (200) have been untensioned, the overturning of the floating platform (100)
may begin. This overturning will be reversible or irreversible depending on the particular geometry of the assembly as a
whole.
[0070] The theoretical basis of the invention is based on a geometric construction, as can be seen in figure 2.
[0071] Each anchoring cable can be considered almost non-extensible. If we assume it consists of three sections with
lengths: T6 (length of the central section), T7 (length of the intermediate section) and T8 (length of the bottomsection), the
sum of lengths (T6, T7, T8) of the three sections (6, 7, 8) is constant: T6 + T7 + T8 = constant.
[0072] Since the intermediate section (7) does not vary in length, it is also fulfilled that: T6 + T8 = constant.
[0073] The floating platform (100) has two anchoring lines (200) (if planar movement is assumed, if three-dimensional
movement is considered therewouldbeat least four anchoring lines (200), crossed two to two, but the result is thesame). If
we compare the lengths of the sections in two different positions of the platform:

- Projected condition: it has two lines (P and Q), each with the aforementioned three sections;

- Any other position: the lines are transformed into (R and S).

[0074] Since each line (P, Q, R, S) maintains its length:

[0075] Since

(they represent the same measure).
[0076] If we start from two symmetrical lines, i.e.

[0077] That is, the two outer pulleys (first rotary fixing means (3)) and the two bottom weights (4) form an "articulated"
quadrilateral inwhich their opposite sides are equal and therefore the upper side always remains parallel to the lower side,
regardless of the position of the center of the floating platform (100).
[0078] To block the rotation of the floating platform (100) in a plane, two anchoring lines (200) are sufficient, as seen in
figures 1 or 2. For example, if the pitch angle is to be avoided, two anchoring lines (200) are needed in a longitudinal plane,
withoneouter pulley at thebowandoneouter pulleyat the stern,with the two inner pulleysbetween them (the intermediate
sections of the anchoring cable need not be the same). If the roll angle is to be avoided, the two anchoring lines (200)must
be in a plane transverse to the waves.
[0079] Figures 4 and 5 show a schematic of a complete anchoring line (200) formed by a forward subline (200d) and a
cross subline (200c), representing the positions of the floating platform (100) in its design condition (figure 4) and in any
other position (figure 5).
[0080] The two inner pulleys (2d: direct and 2c: cross) are at the samedistance from the central axis (300) of the floating
platform (100) (actually thepulleyaxesareat different distances, but such that the central sections (7) appear to come from
symmetrical points: the point of contact of the cablewith the pulley). In the design condition (figure 4), the lengths of the two
sublines (200c, 200d) are different, but are such that the central sections (6d, 6d) are equal, so that the central
counterweight (1) is located in correspondence with the central axis (300) of the floating platform (100).
[0081] When the floating platform (100) is moved (figure 5), the bottom sections 8d and 8c change in length, but remain
equal to eachother. The intermediate sections (7d and7c) do not vary in length (the pulleysmove rigidlywith the platform).
Since the total length of each subline (200c, 200d) does not vary, the central sections (6d and 6c) also vary in length, but
remain equal to each other, i.e. the central counterweight (1)moves vertically, but remains located in correspondencewith
the central axis (300) of the floating platform (100). In this way, the pendular movement that the counterweight (1) could
have in the original version of the anchoring system is totally eliminated.
[0082] When two complete anchor lines (200) are combined (each with a direct subline (200d) and a cross line (200c)),
applying the same reasoningaswhen the linesarecentral (onstate-of-the-art platformswith centralwell throughwhich the
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central lines pass), the bottomsections (8) of each complete anchoring line (200) remain equal to eachother, regardless of
the position of the floating platform (100). In this sense, the anchoring system (with direct (200d) and crossed (200c)
sublines) behaves as if all the sublines were central.
[0083] Theschemeof operationof the systemwith direct (200d) andcrossed (200c) sublines, canbeseen in figure3. If it
had only central sublines it would be the same scheme, with the angle (β) between the central sections (6) being null (i.e.
they would be vertical).
[0084] When the external agents (winds, waves or sea currents) act on the floating platform (100), they generate a
bending moment (Mf) and a force (Fx) that pushes the floating platform (100) to the position seen in the figure.
[0085] On the other hand, the central counterweight (1) has a net weight (dry weight minus hydrostatic thrust) that
tensions the two cables of the anchoring lines (200) generating two forces, inwindward (F1) and leeward (F2). If the inertia
forces due to the movements of the floating platform (100) and the counterweight (1) are ignored, the forces on the direct
and cross cables on each side are equal:

[0086] Due to the balance of forces in the counterweight, it is fulfilled that:

[0087] These forces are transmitted by the cable to the bottom weights (4).
[0088] For the floating platform (100) to be in equilibrium, the two forces F1 and F2 applied on the bottom sections (8)
must fully compensate for the bending moment of the external agents (Mf).

[0089] Since the cables do not work by compression, as long as F2 is positive, the floating platform 100 will remain
horizontal and then begin to tilt leeward.
[0090] On the other hand, the balance of horizontal forces requires that:

[0091] According to a variant of the anchoring system wherein the anchoring lines (200) are divergent, the pitch angle
imposedbyexternal forcesactingon thefloatingplatform (100) canbecorrected.Theelasticity of theanchoring lines (200)
means that when the floating platform (100) is subjected to external forces, thewindward cables lengthen and the leeward
cables shrink: as a result of these deformations the floating platform (100) acquires a small pitch angle leeward.
[0092] The indicated variant consists of giving an angle to the bottom sections (8) of the anchoring lines (200),
separating out the anchoring points of the vertical of the outer pulleys (first rotary fixing means (3)), as can be seen in
figure 7.
[0093] When thefloatingplatform (100) ismovedhorizontally draggedby thewind, thedeckof thefloatingplatform (100)
does not remain horizontal and instead turns windward. This angle of rotation is geometrically related to the angle of the
bottomsections (8) and to the depth of the seabed (5), being approximately proportional to themagnitude of the horizontal
movement. By adjusting the angle of the bottom sections (8) of the anchoring lines (200), the pitch of the floating platform
(100) can be cancelled exactly due to the elasticity of the anchoring lines (200), whatever the horizontal force applied (until
any of the lines are deployed).
[0094] Below are proposed, by way of example, three alternatives for fastening the cables of the bottom section (8) on
the seabed (5). In all of them, intermediate buoys (9) canbe included in thebottomsections (8) (locatedat a depth similar to
that of the counterweight (1), in its design position) joined by cables or chains to the anchorage on the seabed (5).
[0095] In thisway, the final installation is very simple, since it is enough tohold the cables in thebuoys (9) and the floating
platform (100) is fully operational.

- Amooring ring may be used, for example by joining all the bottom weights (4) together by a rigid structure, including
fastening points for the cables at the appropriate locations. This structure includes several ballast tanks, which are
initially empty so that the assembly has a slightly positive buoyancy. This structure ismoved to thewind farmand sunk
in theplacewhere thefloatingplatform (100)will be installed.Thisoperationdoesnot requiregreat precision, since it is
certain that the anchor points will be correctly positioned, regardless of the position in which the ring is on the seabed
(5).When thefloatingplatform (100) isplaced in its installation site, it is sufficient to fasten thecableson theanchors for
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the floating platform (100) to be operational;

- Piles inserted in the seabed (5) may be used. This system is copied from the foundations of TLP type platforms. The
seabed (5) is prepared and piles including the anchor points of the anchor lines (200) are inserted. The fundamental
difference with the TLP system is that the tensile stresses that must be withstood with the anchoring system of the
present invention are much lower than on a TLP platform, in fact, for an equal installed power, the stresses are of the
order of one fifth or less. This makes the preparation of the anchorage much cheaper and easier.

- Bottomweights (4) previously located on the seabed (5)maybeused.Due to the lowvoltages of the cables, individual
bottomweights (4) canbeusedwhichare locatedprecisely on theseabed (5), onapre-preparedesplanade.This is an
intermediate solution between the anchoring ring (which is a very large structure but simple to place) and the use of
piles (requiring certain preparation of the ground and placing the background weights (4) accurately).

[0096] Comparison of the anchoring system of the present invention with TLP (Tension Leg Platform) platforms:
Apparently, floatingplatforms (100)with aTLP-typeanchoring systemserve the samepurposeasafloating platform (100)
with the anchoring system of the present invention. Their aim is to override the pitch/roll movement of the floating platform
(100). However, the principle of operation of both is radically different and their kinematic and dynamic characteristics are
also different, as can be seen in the following table:

Characteristic TLP Platform SLP platform (anchoring system of the
present invention)

Upright position Almost constant, moves in an arc of
circumference, with center in the an-
choring weights

Completely free, within the design range (the
range depends on the length of the central
sections)

Pitch angle Theoretically null, it depends on the
elasticity of the anchoring lines

Depends on the bottom section:
-Vertical: theoretically null
-Divergent: inverse controllable or zero

Design voltage in the
cables

Very high
Moderate, less than of TLP platform vol-
tages
Comparable to a traditional anchorage

Average voltage in the
cables under static con-
ditions

Grows with tide level and horizontal
movements

Almost constant in any sea conditions, as long
as the counterweight does not get too close to
the platform

Possibility of loss of ten-
sion in the leeward cable.

Due to external bending moment Due to external bending moment
Due to very large waves

Due to low tides
Due to very large waves

Bending moment at the
base of the tower

Somewhat higher than an land wind-
mill

May be less than that of a land windmill (di-
vergent lines)

External appearance Very high and slender platforms Low-height, flattened platforms (any shape)

Environmental impact High environmental impact, espe-
cially at low tide

Reduced environmental impact, in any condi-
tion

Geometric requirements
of the hull

Small floatation area None
None other relevant It can have any shape

Moving parts None Almost the entire anchoring system.

Transport to operating
position

Very complex, needs special ships Very simple, just a conventional tugboat

Installation Very complex, requires positioning
the bottom anchors with great preci-
sion

Very simple, it does not require conditioning of
the ground, it is almost autonomous in its in-
stallation
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(continued)

Characteristic TLP Platform SLP platform (anchoring system of the
present invention)

Change of operational lo-
cation

Almost impossible Very simple, you just need a tugboat for the
transport

[0097] The figures of the present patent application are described and discussed below.
[0098] In all the figures, the depth at which the seabed (5) is located has been reduced, so that the images are more
proportionate andeasier to interpret. If the seabedwereso close, it wouldnot beworth using floating platforms (100), since
it would be better if they were directly supported on the seabed (5). In actual projects, the counterweight (1) would also be
proportionally deeper than shown in the figures.
[0099] Figure 1 shows a basic diagram of the locking anchoring lines (200) (those that prevent the rotational movement
of the floating platform (100)). An installation of this type consists of a floating platform (100) floating in the sea, provided
with two or more anchoring lines (200) (the minimum is two anchoring lines (200) when you only want to override the
rotational movement in one direction, such as pitching; the minimum is four anchoring lines (200) when you want to
override pitch and roll simultaneously), each of which, at least, is composed of two sublines (200d, 200c), each of which
consists of: one (or two) inner pulley(s) (second rotary fixing means (2c) and third rotary fixing means (2d)) and an outer
pulley (first rotary fixing means (3)), which support a cable or anchoring line (200) composed of three sections, a bottom
section (8) that reaches a bottom weight (4) resting on the seabed (5), another central section (6) fastened to the central
counterweight (1) and an intermediate section (7) that joins the other two sections (8, 6). The central counterweight (1) is
shared by all anchor lines (200). The bottom section (8) can be divided into two portions, which are attached to an
intermediate buoy (9); in this case, the lower portion (first portion) of this bottom section (8) is common to all the sublines
hanging from the same protruding structural arm (12). Two complete anchoring lines 200 have been depicted simulta-
neously in figure 1, one using a solid line (the one on the right) and the other (the one on the left) using a dashed line.
[0100] Figure 2 shows a scheme of the geometric principle that regulates the lengths of each section (6, 7, 8) of the
anchoring lines (200) and justifies that the floating platform (100) always moves parallel to the initial position thereof. The
scheme corresponds to central anchoring sublines (where the floating platform comprises a central well) of a state-of-the-
art anchoring system (as defined in ES 2629867 A2). This figure is provided to serve as a basis for and facilitate the
comprehension of the operation of the anchoring system object of the present invention.
[0101] Figure 3 shows a scheme of the dynamic principle, with the forces acting on the anchoring lines (200) when the
floating platform (100) is subjected to a force (Fx) and a bending moment (Mf) originating from the external agents (wind,
waves or sea currents). The sum of the tensions on all the anchoring lines 200 is always constant (equal to the apparent
weight of the central counterweight 1, dividedby the cosineof theangleβbetween the central section6and the central axis
300); the difference between the tensions of the anchoring lines (200) is proportional to the applied bending moment and
the horizontal force FH that is able to support the floating platform (100) is proportional to the sine of the angle α between
the bottom sections 8 of the anchoring lines (200) and the vertical direction. If the cables of the bottom sections (8) of the
leeward anchoring line (200) become loose, the platform loses its horizontal position (pitch or roll movements appear).
[0102] Figure 4 and figure 5 show a basic diagram of the anchoring system, similar to that of figure 1, in which the
intermediatebuoys (9)havebeen removed, so that thebottomsections (8d,8c) of thedirect subline (200d)andof thecross
subline (200c) reach the bottomweight (4) that is in the seabed (5). Figure 4 shows the floating platform (100) in its resting
positionandfigure5corresponds to thefloatingplatform (100)when it haschangedposition (horizontal andvertical) due to
the effect of wind and waves.
[0103] Figure 6 shows an operating diagram of the anchoring system with parallel anchoring lines (200), in which the
bottom sections (8) are vertical in their resting position (dashed lines).When the floating platform (100)moves (solid line),
the cover of the floating platform (100) is always kept horizontal.
[0104] Figure 7 shows an operating diagram of the anchoring systemwith diverging anchoring lines (200), in which the
bottom sections (8) do not descend vertically to the seabed (5), but their layout forms an angle (A) with the vertical. When
thefloatingplatform (100)moveshorizontally, it tiltswindward. In thefirst approach it is as if itwere rotatingaround thepoint
of intersectionof the twobottomsections (8). If the floatingplatform (100) is amarinewind turbinesupport,with a tower (13)
andawind turbinenacelle (14), theaxial componentof theweightof thenacelle (14) (due to the inclinationof the tower (13))
canbemade toexactly compensate the thrust of thewindon thebladesof the rotor, so that thebendingmoment is annulled
throughout the tower (13) of the wind turbine (and therefore the bending moments transmitted by the tower (13) to the
floating platform (100)).
[0105] An example of the anchoring system comprising four anchoring lines 200 is shown in figure 8 and figure 9. This
version of the anchoring systemapplies to floating platforms (100) with an even number of projecting structural arms (12).
In this scheme, the inner pulleys (third rotary fixing means (2d)) of the direct subline (200d) have been eliminated, so that
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the outer pulley (first rotary fixingmeans (3)) also performs the functions of an inner pulley and, of course, the intermediate
section (7) of the direct subline (200d) has also been eliminated. The inner pulley (second rotary fixing means (2c)) of the
cross subline (200c) appears to be next to the outer pulley (first rotary fixingmeans (3)), but this is an optical effect as said
pulley corresponds to the cross subline (200c) of another protruding structural arm (12) (the opposite arm). Also shown in
the are the intermediate pulleys (rotary guiding means (11)) of the crossed subline (200c) that divert the intermediate
sections (7) of the crossed subline (200c) so that they do not cross the same sections of the perpendicular lines (in the
"apparent crossing point", said sections pass at different heights).
[0106] Figure 10 and figure 12 correspond to the installation phases of a floating platform (100) stable in the ballast
condition (in thefigures thefloatingplatform (100)with four protrudingstructural arms (12) hasbeen represented, although
it is valid for any such platform)). More specifically:

- In figure 10, the bottom anchors prepared to receive the floating platform (100) can be seen, with the intermediate
buoys (9), the lower portions (first portions) of the bottom sections (8) of the anchoring lines (200) and the bottom
weights (4). The floating platform (100) is in its ballast condition, with the floating elements (500) comprising a
submergedzone (15)anotheremergingzone (16)aboveafloating line (21), andwhere thecentral counterweight (1) is
centrally located below the floating platform (100). The anchoring lines 200 are connected to the counterweight 1, but
not connected to the buoys 9.

- Figure 11 shows the upper portions (second portions) of the bottom sections (8) of the anchoring lines (200) already
connected to the buoys (9) and the counterweight (1) has been partially flooded, tensioning the cables and sinking
towards its design position. The floating platform (100) is somewhat deeper than in the ballast condition, but has not
yet reached the operating condition (wherein the waterline (21) is located in correspondence with the operating draft
(22)). The spokes (600) of the floating platform 100 are completely out of the water and the floating platform (100)
retains all its stability.

- Figure 12 shows the floating platform fully installed, with the floodable chambers of the counterweight (1) flooded and
the cablesworkingwith their nominal voltage. The floating platform (100) is already in its operating draught (22), ready
to enter service.

[0107] Figure13, figure14andfigure15correspond toa first embodiment of the invention. These figures showafloating
platform (100) that serves as a support for amarinewind turbine, which is stable in its ballast condition, with four anchoring
lines (200). The floating platform (100) has twomain loading conditions: the ballast condition, wherein the floating line (21)
passes through an intermediate point of the floating elements (500) (which divides them into two parts: a submerged zone
(15) and another emerging or emerged zone (16), which is only submerged in the operating condition) and the operating
condition, wherein the floating line (21) is already in correspondence with the operating draught (22) and passes through
an intermediate point of the spokes (600) (distinguishing a submerged radio zone in the operating condition (17) and
another never submerged zone (18)). The spokes 600 are attached to the hull in a shaft which, in this case, comprises a
structural ring (19) having eight rectangular faces (where the four radii (600) and the four protruding structural arms (12)
meet) andeight other trapezoidal faces joining the rectangular faces. Four protruding structural arms (12) serve to support
the outer pulleys (first rotary fixing means (3)) and the inner pulleys (only the second rotary fixing means (2c) and not the
third rotary fixing means (2d) of the anchoring lines (200) have been represented). On the structural ring (19) there is a
small truncatedsuperstructure (20) for theelectronic equipment of thefloatingplatform (100) onwhich the tower (13) of the
wind turbine rests.
[0108] Figures 13, 14 and 15 show three views of the floating platform (100), with direct (200d) and crossed (200c)
sublines.Figure13showsa (side)profile viewof theassembly, alignedwith thespokes (600)or legsof thefloatingplatform
(100) holding the submerged floating elements (500). Figure 15 shows a front view of the assembly aligned with the
protruding structural arms (12) supporting the outer pulleys (rotated 45 ° with respect to the spokes (600), arranged in the
bisectors between the spokes (600)). Figure 15 shows a first arm (12a) and a second arm (12b) belonging to a pair of
protruding structural arms (12) located in the same plane. Figure 14 shows a 3D view of the assembly.
[0109] The protruding structural arms (12) comprise a first end (121) attached to the hull or main structure (400) of the
floating platform (100) and a second end (122) projecting outwardly from the floating platform (100).
[0110] Figure 16, figure 17 and figure 18 correspond to a second embodiment of the invention. These figures show a
floatingplatform (100) that servesasasupport for amarinewind turbine,which is not stable in its ballast condition,with four
anchoring lines (200)withdirect sublines (200d) andcrossedsublines (200c), inwhichan intermediate pulley (rotary guide
means (11)) of diversion has been included in the intermediate section (7) of the anchoring lines (200). In this case the
pulley is located horizontally and diverts the cables outwards, to avoid the superstructure (20) that supports the tower (13)
of the wind turbine. The hull or main structure (400) is the simplest possible, a simple vertical axis cylinder, divided
(conceptually) into three parts: a submerged area (15), which is always submerged (even in ballast condition), another
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emerging or emerged area (16), which is only submerged in the operating condition. (These two parts together constitute
the ’hull’ of the floatingplatform (100)). It also hasanever submergedzone (18), i.e. apart of thehull ormain structure (400)
that is out of thewater in any load condition (analogous to the topof the spokes (600)of thefloatingplatform (100) in thefirst
embodiment). Like the floating platform (100) of the first embodiment shown in figures 13 to 15, in the secondembodiment
the floating platform (100) also incorporates four protruding structural arms (12) and a small superstructure (20) on the hull
that serves to support the tower (13) of the wind turbine.
[0111] Figures 16, 17 and 18 depict three views of the floating platform (100) of four protruding structural arms (12),
respectively in profile, in 3D and front perspective (aligned with the protruding structural arms (12) of the floating platform
(100)).
[0112] Figure 19, figure 20 and figure 21 correspond to a third embodiment of the invention, wherein a floating platform
(100) is shown that serves as a support for amarine wind turbine, which is stable in the ballast condition. According to this
third embodiment, the hull ormain structure (400) of the floating platform has an annular geometry, forming a flotation ring
(700). It has a central well, although it is not used as such (it is not used for the passage of counterweight cables). Four
protruding structural arms (12) arise from the submerged hull or main structure (400). Figure 19 is a front view of the
assembly (aligned with the protruding pulleys and structural arms (12)). Figure 21 is a side view, rotated 45° (oriented
according to the bisector of the arms). Figure 20 is a 3D view of the assembly.
[0113] Although the proposed anchoring system is valid for any floating platform (100) (intended to support any type of
structure), thepresent invention is especially indicated for two specific applications, as a support for offshorewind turbines
and as a platform for offshore leisure. With regard to the object of the proposed patent (the anchoring system), the main
difference between the two applications is the deck area of the floating platform (100), which causes the outer pulleys to
hang fromprotruding structural arms (12) arranged radially, which protrude quite a bit from the deck of the floating platform
(100), andon theplatformsdesigned formarine leisure, causes theouterpulleys tohang fromveryshort arms that protrude
from the main deck of the platform.
[0114] The anchoring system according to the first embodiment of the present invention comprises the following
elements:

- Four anchoring lines (200), each of which is formed by two anchoring sublines (200c, 200d), each of the sublines
(200d,200c) consistsof aanchoringcablehanging fromanouter pulley (first rotaryfixingmeans (3)) andanother inner
pulley (2c, 2d), which in turn hang fromaprotruding structural arm (12) that serves as a support for the anchoring lines
(200). The bottomsection (8) of the anchoring cable of all the sublines (of the sameanchoring line/arm), is subject to a
bottom weight (4) directly or through an intermediate buoy (9) and a common bottom section (first portion or lower
portion of the bottom section (8)). The center leg (6) of all of the anchor lines (200) is subject to a center counterweight
(1) that is common to all of the anchor lines (200).

- Floating platform (100): its hull or main structure (400) is attached to four vertical-axis cylindrical floats or flotation
elements (500) arranged at the vertices of a square, sufficiently spaced apart from each other so that the central
counterweight (1) fits in the center of the platform with the necessary clearances. The floating elements (500) are
attached to thehull ormain structure (400)of thefloatingplatform (100)bymeansof four ’legs’ or inclinedspokes (600)
that coincide ina reinforcedstructural ring (19) locatedunder thesuperstructure (20) of thefloatingplatform (100),well
above its operating draught (22). Also joined in this structural ring (19) are the four protruding structural arms (12) that
hold the sheaves of the anchoring lines (200) (the outer sheaves (first rotary fixing means (3)) and the inner sheaves
(second rotary fixingmeans (2c) and third rotary fixingmeans (2d) if any).On this reinforcedstructural ring (19) there is
a superstructure (20) on which the wind turbine tower (13) rests. In the ballast condition, the waterline 21 is located at
approximately half-way from the flotation elements (500) and the floating platform (100) is stable by itself. In the
operating condition, the operating draft (22) is located at half height of the spokes (600) and the flotation elements
(500) are fully submerged.

- Central counterweight (1): a vertical axis cylindrical tank, weighted, but with a volume such that completely empty it
has a positive buoyancy of the order of 10% of its volume. Internally it is divided into several ballast tanks or flood
chambers that can be filled or emptied independently. With one of its chambers flooded, it has a slightly negative
buoyancy. On its roof, there are four pairs of anchors to which the ends of the central sections (6) of all the sublines
(200c, 200d) of the anchoring lines (200) are fastened.

- Wind turbine: composedof awind turbine tower (13) that restson themain structure (400) of the floatingplatform (100)
(on the superstructure (20) that is on the reinforced structural ring (19)) where the protruding structural arms (12) and
the upper part of the spokes (600) are fastened. The tower (13) holds the nacelle (14), where the wind turbine itself is
located. It is a commercial component, so it is not described in more detail.

16

EP 4 353 577 B1

5

10

15

20

25

30

35

40

45

50

55



- Thesubmerged flotationelements (500) areaccessible (formaintenanceoperations) throughstairs located inside the
spokes (500) of the floating platform (100). Said legs or spokes (600) are accessed through watertight doors located
on the corresponding rectangular faces of the reinforced structural ring (19). This floating platform (100) has two
modes of operation:

∘The transport (orballast) condition, inwhichall its floodablechambersareemptyandall theanchoring lines (200)
are collected and float freely with no more constraints than the cable that joins them to the tugboat. In this
condition, the floating platform (100) is stable on its own.

∘ The operating (or design) condition, in which any of its ballast tanks or flood chambers is partially filled to get the
platform to float in its operating (22) or design draught. The floating platform (100) is connected to the central
counterweight (1) via the central sections (6) of all the anchoring lines (200) and to the seabed (5) via the bottom
sections (8) of theanchoring lines (200). In this condition, the floatingplatform (100) hasno stability on its ownand
depends solely on the stability provided by the anchoring lines (200).

[0115] In figures 13 to 15, three views of this first embodiment (in which its main elements have been identified) can be
seen, with the proposed anchoring system.
[0116] In the anchoring system, according to the second embodiment of the present invention, unlike the first
embodiment, in the ballast condition the floating platform (100) is not stable, so it is necessary to use a anchoring ring
whose function is to give stability to the platform during the transport from the shipyard to the wind farm.
[0117] Themain structure (400) of the floatingplatform (100) comprisesavertical axis cylinder, conceptually divided into
three parts or zones: a submerged zone (15) under any load condition in the deepest part of the cylinder; an emerging or
emerged zone (16) (intermediate zone) that is out of the water in the ballast condition and submerged in the operating
condition and another never submerged zone (18) (upper part), which is always above the waterline (21). In addition, the
floating platform (100) comprises four protruding structural arms (12) arranged radially (and of course the samenumber of
anchoring lines (200)). Themain structure (400) comprises a small superstructure (20) for the electrical equipment of the
wind turbine, which also serves to support the tower (13) of the wind turbine.
[0118] In this second embodiment, the floating platform 100 is the simplest andmost economical (of the three proposed
embodiments), but hasadifferent hydrodynamic behavior to the other twoembodiments, since havingmuchmore floating
area it tends to follow the movement of the waves, so its vertical movements are greater than those of the other
embodiments; as a counterpart, it is able to capture more energy from the movement of the waves and the profile of the
waves remains closer to its design floatation (operating draught 22), so it needs less freeboard than the other platforms.
[0119] In figures 16 to 18, three views of this second embodiment (in which its main elements have been identified) can
be seen, with the proposed anchoring system with an intermediate pulley (rotary guide means (11)) horizontal in each
intermediate section (7) of the anchoring cable, which serves to separate the cable from the superstructure (20).
[0120] Theanchoring systemaccording to the third embodiment of the present invention is stable in the ballast condition
and comprises the following features:

- It has four protruding structural arms (12) arranged radially, with four anchoring lines (200);

- The reinforced structural ring (19) is located higher than in the other embodiments and the superstructure (20) is
smaller (lower) than in the other embodiments and serves as a connecting element to the four legs or spokes (600),
which are somewhat longer than in the other embodiments.

- The main structure (400) comprises an annular geometry, constituting a flotation ring (700) comprising at least one
floodable chamber.

[0121] Three views of this third embodiment (in which its main elements have been identified) can be seen in figures 19
to 21. Thedirect sublines (200d) donot have inner pulleys (third rotary fixingmeans (2d)), since theouter pulley (first rotary
fixing means (3)) performs the two functions (inner and outer, to save space) and the cross sublines (200c) use vertical
intermediate pulleys (rotary guiding means (11)) to redirect the cable.
[0122] As can be seen in the figures, the reinforced structural ring (19) is raised so that the cables of the intermediate
section (7) of the cross sublines (200c) passunder the superstructure (20), between the legsor spokes (600) of the floating
platform (100). If intermediate pulleys are included in this section to deflect the cable downwards, the reinforced structural
ring (19) could occupy a lower position.
[0123] Asalreadydescribed, in theanchoring systemof thepresent invention, oneachof theanchoring lines (200) there
is a direct subline (200d) and a cross subline (200c), wherein the inner pulley of the cross subline (200c) is located
diametrically opposite the inner pulley of the direct subline (200d). This arrangement forces an even number of anchoring
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lines (200) (and protruding structural arms (12)), and also causes the inner sheave of the direct subline (200d) of a first
anchoring line (200) on a protruding structural arm (12) to be next to the inner sheave of the cross subline (200c) of a
second diametrically opposite anchoring line (200), albeit on different sides of the protruding structural arm (12).
[0124] On floating platforms (100) for wind turbines that use protruding structural arms (12) to hold the pulleys, on each
head there are two outer pulleys, a direct inner pulley (which can be omitted) and the crossed inner pulley of the
diametrically opposite anchoring line.
[0125] Two projections of this anchoring systemwith four protruding structural arms (12) can be seen in figures 8 and 9;
however, the floating platform (100) could have a different even number of protruding structural arms (12).
[0126] In this type of anchoring, the intermediate sections (7) of the crossed sublines (200c) of the anchoring lines (200)
canpass toanother sideof thefloatingplatform (100) veryclose to its central axis (300)of symmetry; therefore, in thehull or
in thesuperstructure, someholescanbemade for thesecables.Analternativeused in theexamplespresentedabove, is to
use intermediate pulleys (rotary guidemeans (11)) to deflect these cables and pass themunder the superstructure (20) of
the floating platform (100) (or on the outside of its sides).
[0127] Depending on the geometry of the floating platform (100) that the anchoring lines (200) are going to hold, the
anchoring system may need some elements that facilitate its correct operation and that have already been introduced
previously. Someof theseelements canbeseen in figures8 to11, others are normal elements in shipbuildingandhavenot
been depicted in the figures. These include, but are not limited to:

- Intermediate pulleys for supporting the intermediate section (7) (rotary guidemeans (11)): the intermediate section (7)
is shaped like a catenary supported on the inner andouter pulleys.A catenary varies in length according to the tension
towhich thecable is subjected.Thisphenomenon translates (if thedistancebetweenpulleys is large) in that in this part
the cable acts as if it weremoreelastic thannormal andcould affect theoperatingprinciple of the system.Toavoid this,
intermediate support pulleys (rotary guide means (11)) can be placed on this section (which reduce the distance
between supports and therefore drastically reduce the arrow of the corresponding catenary), so that the cable
behaves almost as if it were in a straight line and the cable recovers its original rigidity. It also serves to reorient the
intermediate section (7) (to avoid obstacles of the structure);

- Outer pulley support arms (protruding structural arms (12)): on floatingplatforms (100) that serveas support for awind
turbine, the diameter of the floating platform (100) is much smaller than the optimal distance to place the outer pulley.
Protruding radial structural arms (12) are then needed that protrude from the main structure (400) of the floating
platform (100) and from which the outer pulley hangs. Each protruding structural arm (12) may be a lattice structure
(the elements are exposed to the weather) or a closed structure (the elements are protected from the weather); the
choice of one type or another will depend on the philosophy of each specific design.

[0128] The floating platforms (100) that serve as a support for a wind turbine have several particularities, among others:

- The floating platform (100) does not need a large deck surface, it can be a small buoy that supports the weight of the
wind turbine and its tower (13);

- Themain forceacting on the systemand tobe taken into account in the design is the aerodynamic thrust of thewindon
the blades of the wind turbine rotor;

- The force of the wind exerts a very large bending moment on the base of the tower (13).

[0129] If the anchoring lines (200) in the design condition are not vertical (as seen in figure 13), but slightly divergent (as
seen in figure 14), then, when the floating platform (100) is dragged by the wind the leeward pulley rises relative to the
windward one; as a result, the floating platform (100) has a pitch angle opposite to the wind force. This pitch angle is
proportional to the horizontal displacement of the floating platform (100) and is barely sensitive to the vertical movement
thereof.
[0130] This angle causes theweight (Q) of the nacelle (14) to have an axial component opposite to the force of the wind
on the rotor blades,which isproportional to the rotatedangle,which in turn is proportional to thehorizontalmovementof the
floating platform (100), which in turn is proportional to the force exerted by the wind. If these proportionality constants are
properly synchronized, the axial component of the nacelle weight (14) can be made to cancel exactly the wind force,
regardless of the wind speed.
[0131] In this way the bending moment at the base of the tower (13) due to the wind could be totally annulled. There
would still be the forces and moments due to the waves, but they are lesser forces and moments. As a result:

- The tower (13) could be lightened, giving less thickness to its structural elements;
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- The forces acting on the nacelle load bearings are reduced (14);

- Loads on the anchoring are reduced, and the structure of the floating platform (100) may be lightweight (and
inexpensive to build).

[0132] On floating platforms (100) dedicated to marine leisure, the external agent that has the most influence on the
comfort of passengers is the effect of the waves. With the anchoring system of the present invention, the rotating
movements of the floating platform (100) are eliminated, the vertical movement has little influence (especially if a semi-
submersible floating platform (100) is used), but the effect of the horizontal movement of the waves remains, which with
severe seas can generate important accelerations (up to 1.5 m/s2).
[0133] In some applications, an anchoring systemwith divergent anchoring lines (200) may be used, producing a pitch
opposite to the horizontal movement. This pitch can generate a longitudinal acceleration that opposes the acceleration of
the horizontal movement, so that the resulting acceleration is lower than if the floating platform (100) moves without
pitching; this would improve the comfort of the people on board.
[0134] A terrestrial analogy of this horizontal movement and of inverse pitch would be the movement of a swing or a
hammock, which has great movements and turns, but does not generate the sensation of accelerations. In fact, the
accelerations remain perpendicular to the surface of the deck of the floating platform (100) (perpendicular to the surface of
the seat, in the case of the swing).
[0135] The operating schemewould be similar to that of figure 7, but with an angle (A) of divergence somewhat greater
than that shown in this figure.
[0136] A difficulty that appears is that the cancellation of longitudinal accelerations can only be achieved for a relatively
small range of waves, for example this cancellation can be achieved for waves between 8s and 1 0s;it is then a question of
tuning these periods with the periods of the most likely waves. This tuning depends on:

- The geometry of the floating platform (100), its stability and its inertia;

- The geometry of the anchoring lines (200) and their elastic characteristics.

[0137] Thecable of theanchoring line (200) is quite long,measuringat least thedraught in the areaof operation, plus the
lengthof theprotrudingstructural arms12 (usually between30and40m), plus twice theheight between thepulleysand the
sea surface, plus twice themaximumvertical travel of the floating platform100 (maximum tidal height +wave height), plus
20% of the draught of the sea in the installation area, plus the margin that is deemed convenient.
[0138] In some applications, the bottom sections (8) do not reach the sea bed or bottom (5), but are fastened to an
intermediate buoy (9) located relatively close to the sea surface and which is anchored to the sea floor (5) by means of
chains or cables, so that in case ofwear only the upper part of the cable, which is themostworn (andwhich is also themost
accessible), has to be changed.
[0139] The length of the detachable cables must be such that, with the greatest foreseeable movements of the floating
platform (100), the buoys (9) never approach the outer pulleys (first rotary fixingmeans (3)); if touched, amajor breakdown
could occur. Thematerial of the anchoring lines (200) may be any suitable for these applications, including but not limited
to:

- Twistedwire cable: there is no possibility of twisting, since the tension of the lines (applied according to the edges of a
vertical prism) prevents the yaw rotation of the floating platform (100);

- Synthetic or textile material cable;

- Link chains: this is ideal for the intermediate section (7) (and the upper part of the other two sections (6, 8)) of the
floatingplatforms (100) that serveasasupport for awind turbine, since it allows touse toothedpulleys (on thedamping
lines)andhave relatively small turning radii. Itsdrawback is that it is noisier. For leisure facilities it is less recommended
and should be verywell acoustically insulated. On floating platforms (100) formarine leisure, the intermediate section
(7) and the upper part of the other two sections (6, 8) should be of textilematerial, becausewithwaves it will bemoving
continuously and will be quieter than a chain with links (which could cause noise problems in the structure).

[0140] One of the advantages of the anchoring system of the present invention is the ease of transport, installation and
uninstallation of the platforms equipped with this anchoring system.
[0141] The installation procedure of the floating platform (100) is described in some detail below.
[0142] In the ballast condition, the submerged flotation elements (500) of the platform float at half height, giving the
floating platform (100) all or part of the stability it needs for transport. The existence of a buoyancy reserve (materialized in
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the emerging or emerged zone (16) of the floating elements (500)), allows the floating platform (100) to remain stable
throughout transport, despite the pitching movements produced by the waves.
[0143] Asalreadymentioned, in thecaseof thesecondembodimentof theanchoringsystem, in its conditionofballast, to
guarantee its stability during transport the floating platform (100) also needs to be anchored to a anchoring ring.
[0144] Before moving the floating platform (100), the bottom anchors of the anchoring lines (200) are prepared. To do
this, the bottom weights (4) are placed in their position, which can be of any type:

- Anchorages by means of piles;

- Individual bottom weights (4) located on a smoothed seabed area (5);

- A mooring ring, deposited on the seabed (5) by any method.

[0145] In these bottom weights (4), the common part (the first portion or lower portion) of the bottom sections (8) of the
anchoring lines (200) that in turn secure the intermediate buoys (9) is fastened or fixed. The buoys (9) are levelled, so that
they are all at the same depth and at the same distance from the central axis (300) of the floating platform (100).
[0146] This operation can be performed at the same time as the platform is built.
[0147] To transport the floating platform (100), a tugboat is enough to drag the floating platform (100) and the
counterweight (1) to the wind farm. Optionally, the counterweight (1) may be positioned just below the floating platform
(100) (held slightly by the central portions (6) of the sublines (200c, 200d) of the anchoring lines (200)) and towed together.
During transport, all ballast tanks or flood chambers of the floating platform (100) and of the counterweight (1) are kept
completely empty. In this condition, the counterweight (1) has a slightly positive buoyancy, with a small freeboard with
respect to its strut.
[0148] Thefirst phaseof the installation is verysimple, justplace thefloatingplatform (100)on topof theanchors,with the
counterweight (1) under thecenterof thefloatingplatform (100), as canbeseen in figure10.At this stage it is not necessary
to resort to anyexternal stabilization system, sinceboth the floating platform (100) and the counterweight (1) are stableper
se.
[0149] Next, the upper portions (second portions) of the bottom sections (8) of the anchoring lines (200) are fastened to
the intermediate buoys (9). The cables are prepared with the length they must have in the operating condition, so when
they are hooked they will be untensioned (geometrically there is excess cable in this condition). To tension them, the
floating platform (100) ismoved slightly from its vertical position on the anchors (with the tug that has transported it), or the
wind is allowed to laterally drag the floating platform (100) until these cables are slightly tensioned.
[0150] One of the tanks or flood chambers of the counterweight (1) is filled, so that it has a slightly negative buoyancy.
Thecounterweight (1) begins to submergeand the tensionof the cables returns the floating platform (100) to its positionon
the bottom anchors. With the floating platform (100) in place, ballast tanks or flood chambers of the counterweight (1)
continue to be filled; as a result, the floating platform (100) gradually sinks dragged by the increasing weight of the central
counterweight (1). In this phase, the floating platform (100) is in the situation shown in figure 11:

- The counterweight (1) is increasingly submerged, with an increasing net weight;

- The cables are substantially tensioned and provide the floating platform (100) with increasing stability;

- The floating platform (100) gradually sinks but retains all its initial stability, since the floating elements (500) have not
yet completely sunk. Thewaterline (21) goes up from the ballast flotation towards the flotation in operation (operating
draught (22)).

[0151] As the floating platform (100) sinks, there is a timewhen the floats or floating elements (500) are fully submerged.
At that time, the stability of the floating platform (100) almost disappears (or is drastically reduced). This is not a problem,
since the tension of the cables has already reached more than 50% of their nominal tension and are able to provide the
floating platform (100) with all the stability it may need.
[0152] When all the ballast tanks or flood chambers of the counterweight (1) are fully filled with water, the floating
platform (100) is almost operational, in general it will float a little above its design floatation (as itmust have a certain safety
margin in termsof its buoyancy). At thismoment it is enough to introducesomeballastwater intooneof its tanks, so that the
platform floats exactly as it was planned in its operating condition.
[0153] The assembly now has the appearance shown in figure 12. At this moment, the only thingmissing is tomake the
electrical connections of the generator with the wind farm transformation plant, so that the wind turbine can operate
normally.
[0154] To uninstall the floating platform (100), just follow the inverse process, that is:
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- Disconnect the electrical circuits of the wind turbine from the power grid of the wind farm;

- Empty the floating platform ballast compensation tank (100) (i.e., empty the at least one flood chamber of the floating
elements (500));

- Gradually empty the ballast tank (the at least one flood chamber) from the counterweight (1).

[0155] As this tank (theat least onefloodchamber of thefloatationelements (500)) is emptied, the floatingplatform (100)
begins to lift (at the same time as the counterweight (1)). When the floating elements (500) reach the sea surface, the
floating platform (100) regains full stability. When the cables begin to lose tension, the floating platform (100) will be
dragged laterally by the wind until the counterweight (1) reaches the sea surface.
[0156] When the ballast tanks (flood chambers) of the counterweight (1) are completely empty (and the counterweight
(1) has sufficient positive buoyancy), the bottom sections (8) of the intermediate buoys (9) are released and the floating
platform (100) is ready to be moved to another location (or to port, for periodic maintenance operations).
[0157] Thus, the anchoring system for marine floating platforms (100), object of the present invention, is preferably
formed by four or six anchoring lines (200), arranged radially around a common point (10) of the floating platform (100),
each of which is formed by two anchoring sub-lines (200c, 200d) that can include the following elements:

- An inner pulley (2) (second rotary fasteningmeans (2c) and, optionally, third rotary fasteningmeans (2d)) and another
outer pulley (first rotary fastening means (3)), located at the top of the anchoring line (200); they can be single (with a
single sheave) or multiple (with several overlapping parallel sheaves);

- A central counterweight (1) common to all the anchor lines (200), located below the intersection point of all the anchor
lines (200),with several ballast tanksor flood chambers, such that,when theballast tanksof the central counterweight
(1) are empty, it has a small positive buoyancy (e.g., less than 20% of the total volume of the counterweight (1)) and
whenall theballast tanksof the central counterweight (1) are flooded, it has a largeapparent (net)weight (e.g., greater
than 15% of the total displacement of the floating platform (100));

- A flotation ring (700) or several flotation elements (500), with several ballast tanks or floodable chambers such that,
when theballast tanksof theflotation ringareempty, it hasasmall positivebuoyancy (less than20%of the total volume
of the flotation ring) andwhen the ballast tanks of the flotation ring are fully flooded, it has a very large apparent weight
(greater than 15% of the total displacement of the floating platform (100)).

- One anchoring ring common to all anchoring lines or multiple background weights (4) (one for each anchoring line
(200)). Under the operation condition, the anchoring ring rests on the seabed (5) and performs the functions of the
anchor of a conventional vessel, preventing wind, sea currents or waves from dragging the floating platform (100). In
someapplications, it canbe replacedbyseveral conventional anchors on the seabed (5) (piles, suctionanchors, etc.),
on which the cables of the anchoring system are fastened.

- An anchoring cable joining the central counterweight (1) to the anchoring ring (or to each of the bottomweights (4) or
anchoring anchors) and resting on the inner pulley(s) (2) and on the outer pulley (first rotating fasteningmeans (3)) of
each anchoring line (200), divided virtually into three zones or sections: the central section (6) of the anchoring cable,
running from the central counterweight (1) to the inner pulley (2) of that sub-line (200c, 200d), the intermediate section
(7) of the anchoring cable, comprised between the inner pulley (2) and the outer pulley (first rotating fasteningmeans
(3)), and the bottomsection (8) of the anchoring cable, running from the outer pulley (first rotating fasteningmeans (3)
to theanchoring ring or bottomweight (4). Asauxiliary elements, eachanchoring line (200)mayalso includeanyof the
following elements:

oOneormore intermediate pulleys (rotary guidemeans (11)),which serveas support for the intermediate section
(7) of the anchoring cable, sandwiched between the inner pulley (2) and the outer pulley (first rotary fixingmeans
(3)), which serve as support or help to change the path of said section;

o An intermediate buoy (9) sandwiched in the bottom section (8) of the anchoring lines (200). If present, it is
attached to the bottom weight (4) by another cable segment constituting a first portion of the bottom section (8);

o A projecting structural arm (12) for supporting the anchoring line (200), supported (or recessed) on the cover or
on thehull or on the superstructure (20) of the floatingplatform (100), fromwhichhang: theouter pulley (first rotary
fixing means (3)), the inner pulley (2) and the support pulleys (rotary guiding means (11)) of the intermediate
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section (7) (if any).

[0158] The anchoring system of the present invention may also include other auxiliary elements, common to conven-
tional anchoring systems and which may assist in the installation/uninstallation maneuver of the floating platform (100) at
its place of operation, such as winches, pinwheels, bollards or other elements typical of any traditional anchoring system.
[0159] Each anchoring line (200) has a direct subline (200d) and a cross subline (200c), whose inner sheave (second
rotary fastening means (2c)) is located diametrically opposite the outer sheave (first rotary fastening means (3)). The
anchoring systemhas an even number of protruding structural arms (12) and the corresponding anchoring lines (200) are
arranged in diametrically opposed positions two by two.
[0160] In thedesignposition, at rest andwith calmsea, thebottomsections (8) of theanchoring cableof all theanchoring
sublines (200c, 200d) may be vertical (and parallel to each other).
[0161] Alternatively, the bottom section (8) of all the anchoring sublines (200c, 200d) may be slightly divergent, i.e. the
anchoring point of the anchoring cable on the bottom weights (4) is more horizontally spaced from the central counter-
weight (1) than the outer pulley (first rotary fastening means (3)).
[0162] The floating platform (100) may comprise the following elements:

- A hull or main structure (400) partially submerged with any geometry;

- A tower (13) supporting a marine wind turbine, located just above the hull of the floating platform (100);

- A complete marine wind turbine, whose nacelle (14) is installed above the corresponding tower (13);

- A central counterweight (1), located on the central axis (300) of symmetry of the floating platform (100), hanging from
the central sections (6) of all the anchoring lines (200). Inside this there are a number of ballast tanks or flood
chambers, which comply with the following restrictions:With all ballast tanks empty, the central counterweight (1) has
a slightly positive buoyancy (it floats). With one or several of the tanks flooded, the buoyancy of the central
counterweight (1) is slightly negative (it sinks). With all ballast tanks flooded, the apparent (net) weight of the central
counterweight (1) is large (e.g., at least equal to 15% of the total weight of the floating platform (100));

- 4or 6protruding structural arms (12) for supporting theanchoring lines (200), arranged radially around thecentral axis
(300) of symmetry of the hull of the floating platform (100). From the ends (121, 122) of each protruding structural arm
(12) hang the outer pulleys (first rotary fixing means (3)) of the lines associated with each protruding structural arm
(12). These pulleys can be single (with one sheave) or multiple (with several overlapping sheaves);

- The anchoring cable hangs from the two pulleys, inner pulley (2) and outer pulley (first rotary fixingmeans (3)) of each
protruding structural arm (12). The central section (6) of the anchoring cable hangs from the inner pulley (2) and is
fastened on the central counterweight (1). The bottom section (8) of the anchoring cable hangs from the outer pulley
(first rotating fixingmeans (3)) and is fastened on the anchoring ring, on the bottomweights (4) or on anchors fixed on
the bed or seabed (5). The anchor cable may be single (one cable) or multiple (several cables).

[0163] The hull ormain structure (400) of the floating platform (100) has twomain load conditions: a transport condition,
in which all of its ballast tanks are empty and float freely with a characteristic waterline (21), and an operating condition, in
which all of the anchoring lines (200) are connected to the seabed (5) and bear the net weight of the central counterweight
(1). Some of its ballast tanks may be fully or partially filled so that their waterline (21) matches the design waterline
(operating draught (22)).
[0164] According to a possible embodiment, the floating platform (100) comprises the following elements:

- Four cylindrical floats or flotation elements (500), separated from the central axis (300) of the floating platform (100),
distributed uniformly throughout its surroundings. Thewaterline (21) in the ballast condition is located at half height of
these floats, defining in them two volumes, the submerged area (15) and the emerging or emerged area (16) (the rest
of the float). In ballast condition (transport of the floating platform (100)) the floatation surface provides all the stability
required for transport operations. In theoperating condition, the floats are fully submergedanddonot provide stability;

- four legs or spokes (600), approximately prismatic in shape, inclinedwith respect to the vertical, which join each of the
floats or floating elements (500)with the rest of the floating platform (100). In the ballast condition they are totally out of
the water, but in the operating condition, they have a submerged part or submerged radio zone in the operating
condition (17) andanother never submergedpart or zone (18) above thewaterline or theoperatingdraught (22). In the
operation (or design) condition the floating platform (100) has no stability per se;
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- four protruding structural arms (12) arranged radially, approximately horizontal, which serve to support the sheaves of
the anchoring system;

- A reinforced and resistant structural ring (19), at the base of the superstructure (20), in which the legs or spokes (600)
that go to the floats and the protruding structural arms (12) that support the anchoring lines (200) are fastened;

- The superstructure (20) on the reinforced structural ring (19), which serves as the base for the tower (13) of the wind
turbine and inside which the electrical equipment of thewind turbine or the electrical connection systemswith the rest
of the wind turbines of the wind farm can be located;

- The tower (13) and the wind turbine.

[0165] According to another possible embodiment, the floating platform (100) comprises the following elements:

- Avertical axis cylindrical hull ormain structure (400), with three distinct zones: the lower part or submerged zone (15),
which is submerged in the condition of ballast, the upper part or never submerged zone (18) that is always above the
flotation or draught of operation (22) and the intermediate area or emerging or emerged zone (16), which is between
the ballast waterline and the design waterline;

- four protruding structural arms (12) supporting the sheaves of the anchoring system, fastened to the upper part or
never submerged area (18) of the hull, where a anchoring line (200) hangs fromeach of the protruding structural arms
(12);

- A mooring ring grouping the four bottom weights (4), which provides the necessary stability to the floating platform
(100) (according to this embodiment with cylindrical hull) during the transport and installation operations, and is
incompatible with the use of fixed anchors to the seabed (5) since it is not stable on its own.

[0166] According to another alternative embodiment, the floating platform (100) comprises the following elements:
four arms (and therefore four anchoring lines and four legs). The main and characteristic elements of its geometry are:

- The submerged hull is formed by a slender flotation ring (700), of large diameter (compared to its height or thickness),
which in theballast conditionhas twoparts, a submergedarea (15) that is alwayssubmergedandanother emergingor
emerged area (16), which in the ballast condition is above the waterline (21), but which in operation is totally
submerged;

- Four legs or spokes (600), inclined with respect to the vertical, uniformly distributed, joining the submerged hull with
the resistant structural ring (19);

- Four protruding structural arms (12) that hold the pulleys and the anchoring lines (200) of the anchoring system; these
four protruding structural arms (12) are fastened on the submerged hull and are also quite inclined with respect to the
vertical;

- The central sections (6) of all the anchoring sub-lines (200c, 200d) go from the inner pulleys (2) to the counterweight
(1), passing through the inner hollow of the flotation ring (700) that forms the submerged hull or main structure (400).

[0167] For those floating platforms (100) that are stable per se in the ballast condition, the following simplified sequence
of installation phases can be followed:

- The platform (100) is built by any conventional shipbuilding procedure and launched (thrown into the water). The
central counterweight (1) is also built, all its ballast tanks are emptied and it is launched;

- All the equipment on board is finished, including the tower (13) and the wind turbine, the platform now floats in its
ballast condition and is perfectly stable with all the empty ballast tanks;

- Thebottomanchors of the floating platform (100) are fixedat their destination (bymeansof piles, bottomweights (4), a
anchoring ring or any other conventional anchoring system), the lower sections of the bottom section (8) are installed
and they are hooked to an intermediate buoy (9), which has a buoyancy slightly higher than the own weight of the
cables that join it to the bottom; the buoy (9) remains floating at half height, all at the same depth;
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- The floating platform (100) and counterweight (1) aremoved to their destination, by using a conventional tugboat. The
central counterweight (1) is located below the axis of the floating platform (100);

- The cables of all the anchoring sublines (200c, 200d) are connected both to the central counterweight (1) and to the
intermediate buoys (9); at this time the cables are loose, since they are somewhat longer than the actual distances
between the counterweight (1), the outer pulleys (first rotary fixing means (3)) and the intermediate buoys (9);

- The floating platform (100) is dragged sideways (with the tug), until the cables of the anchoring system are slightly
tensioned;

- The counterweight ballast tanks (1) are flooded very slowly; when the counterweight (1) reaches an apparent density
equal to that of sea water, it begins to sink, dragging the floating platform (100) towards its design position;

- As the apparent density of the counterweight 1 increases, the tension in the cables increases and the floating platform
100 begins to sink slowly.When all the ballast tanks of the central counterweight (1) are full, the floating platform (100)
is almost in its design or operating draught (22);

- The draught of the floating platform (100) is corrected by totally or partially filling any of the ballast tanks or flood
chambers of the floating platform (100) (of the floating elements (500) or of the floating ring (700));

- The floating platform (100) is electrically connected to the rest of the wind farm.

[0168] At this time, the floating platform (100) is fully operational.
[0169] For those floating platforms (100) that are stable per se in the ballast condition, the following simplified sequence
of uninstallation phases can be followed (inverse to the sequence of installation phases described above):

- The floating platform (100) is electrically disconnected from the rest of the wind farm;

- The ballast tanks or flood chambers of the floating platform (100) (of the floating elements (500) or of the floating ring
(700)) are emptied;

- The ballast tanks or flood chambers of the central counterweight (1) are emptied by means of hydraulic pumps or by
injecting compressed air into them;

- As the counterweight (1) loses net weight, the cables of the anchoring lines (200) become loose; the floating platform
(100) slowly rises and the counterweight (1) approaches the surface;

- When the submerged floats or flotation elements 500 of the floating platform 100 reach the sea surface, the floating
platform 100 regains all its stability and no longer needs the stability provided by the anchoring system cables;

- A tug is coupled to the floating platform (100) and a lateral force is exerted that tends to separate the floating platform
(100) from its equilibrium position;

- When the counterweight (1) reaches the surface, the floating platform (100) has moved laterally; then, the ballast
tanks of the counterweight (1) are emptied until it acquires the full buoyancy for its transport condition;

- The towing cable is released from the tug and then the hooks of all the central sections (6) of the counterweight (1) and
of all the bottom sections (8) of the intermediate buoy (9) are released.

[0170] At this time, both the floating platform (100) and the central counterweight (1) float by themselves, with all the
stability they need and are ready to be moved to another location or to port for maintenance operations.

Claims

1. Anchoring system comprising a floating platform (100) and at least one pair of anchoring lines (200), configured to fix
or anchor the floating platform (100) to the seabed (5) by means of at least one bottom section (8) of each anchoring
line (200), wherein each anchoring line (200) also comprises a central section (6) attached to a counterweight (1),
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wherein each pair of anchoring lines (200) comprises two anchoring lines (200) arranged in a plane that passes
through a central axis (300) of the floating platform (100), and located respectively on one side and the other of the
central axis (300) of the floating platform (100), wherein the anchoring system comprises at least one first rotating
fixing means (3) for each anchoring line (200), where each first rotating fixing means (3) is fixed to a first point of the
floating platform (100) and is configured to fix each anchoring line (200) to the floating platform (100) at said first point
of the floating platform (100), allowing the sliding of the anchoring line (200) along said first rotary fixing means (3),
characterized in that:

- each anchoring line (200) comprises at least one direct subline (200d) and one cross subline (200c), each
comprising its ownanchoringcableor chain,whereineachdirect subline (200d) runs from thefirst rotary fastening
means (3) to the counterweight (1) without passing through the central axis (300) of the floating platform (100),
and wherein each cross subline (200c) runs from the first rotary fastening means (3) to the counterweight (1)
through the central axis (300) of the floating platform (100);
- wherein the system comprises at least one second rotary fastening means (2c) for each anchoring line (200),
wherein each second rotary fastening means (2c) is fixed to a second point of the floating platform (100) and is
configured to fasten each cross subline (200c) of each anchoring line (200) to the floating platform (100) at said
second point of the floating platform (100), allowing sliding of the cross subline (200c) along said second rotary
fastening means (2c), so that each cross subline (200c) runs from the first rotary fastening means (3) to the
counterweight (1) first through the central axis (300) of the floating platform (100) and secondly sliding along the
second rotary fastening means (2c).

2. Anchoring system according to claim 1, characterized in that the floating platform (100) comprises a pair of
protruding structural arms (12) for each pair of anchoring lines (200), wherein each pair of protruding structural
arms (12) comprises a first arm (12a) and a second arm (12b) located symmetrically with respect to the central axis
(300) of the floating platform (100), wherein eachprotruding structural arm (12) is attached to amain structure (400) of
the floating platform (100), wherein each protruding structural arm (12) runs radially from a first end (121) attached to
the main structure (400) of the floating platform (1) to a second end (122) projected outwardly of the floating platform
(1), wherein the at least one first rotating fixingmeans (3) is fixed to the floating platform (100) in correspondencewith
the second end (122) of the first arm (12a), andwherein the at least one second rotating fixingmeans (2) is fixed to the
floating platform (100) at a point located in correspondence with the second arm (12b).

3. Anchoring system according to claim 2, characterised in that the main structure (400) of the floating platform (100)
comprises a geometry in the form of a cylindrical, conical or pyramidal shaft.

4. Anchoringsystemaccording toclaim3,characterized in that it comprisesaplurality of spokes (600) connected to the
main structure (400), where at each free end of each spoke (600) there is a flotation element (500).

5. Anchoring system according to claim 4, characterized in that the flotation elements (500) comprise at least one
floodable chamber.

6. Anchoringsystemaccording to claim3,characterized in that themainstructure (400) comprisesat least oneflotation
element (500).

7. Anchoring system according to claim 6, characterized in that the at least one flotation element (500) comprises at
least one floodable chamber.

8. Anchoring system according to claim 2, characterised in that the main structure (400) of the floating platform (100)
comprises a ring-shaped geometry, said ring being joined by means of spokes (600) to a cylindrical, conical or
pyramidal shaft.

9. Anchoring system according to claim 8, characterized in that the main structure (400) constitutes a flotation ring
(700).

10. Anchoring systemaccording to claim9, characterized in that the flotation ring (700) comprises at least one floodable
chamber.

11. Anchoring system according to any one of the preceding claims, characterized in that it comprises at least a third
rotary fixing means (2d) for each anchoring line (200), wherein each third rotary fixing means (2d) is fixed to a third
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point of the floating platform (100) and is configured toattacheachdirect subline (200d) of eachanchoring line (200) to
the floating platform (100) at said third point of the floating platform (100) allowing the sliding of the direct subline
(200d) along said third rotary fixing means (2d), so that each direct subline (200d) runs from the first rotary fixing
means (3) to the counterweight (1) passing through and sliding along the third rotary fixing means (2d).

12. Anchoring systemaccording to anyoneof the preceding claims,characterized in that it comprises at least one rotary
guidingmeans (11) for each anchoring line (200), wherein each rotary guidingmeans (11) is attached to a fourth point
of the floating platform (100) and is configured to guide the course of the cross-subline (200c) of each anchoring line
(200) allowing the sliding of the cross-subline (200c) by said rotary guiding means (11), so that each cross-subline
(200c) runs between the first rotary fixing means (3) and the second rotary fixing means (2c) passing through and
sliding along the rotary guiding means (11).

13. Anchoring system according to any of the preceding claims, characterized in that each bottom section (8) of each
anchoring line (200) comprises a buoy (9) that divides the bottom section (8) into a first portion that runs between the
seabed (5) and the buoy (9) and a second portion that runs between the buoy (9) and the at least one first rotary fixing
means (3).

14. Anchoring system according to any one of the preceding claims, characterized in that the counterweight (1)
comprises at least one floodable chamber.

15. Method of installing a floating platform (1) using an anchoring system according to claim 14, characterized in that it
comprises:

- positioning and/or anchoring to the seabed (5), under a placeof installation of the floating platform (100), at least
one anchor and/or at least one bottom weight (4), and/or at least one anchoring ring and/or a set of piles;
- moving the floating platform (100) and the counterweight (1) to its place of installation, where the at least one
floodable chamber is located without flooding;
- attaching a free end of the bottom section (8) of each anchoring line (200):

o to the at least one anchor and/or the at least one bottom weight (4), and/or the at least one anchoring ring
and/or the set of piles, or;
o to a buoy (9) previously joined by a first portion of the bottom section (8) of the anchoring line (200) to the at
least one anchor and/or the at least one bottomweight (4), and/or to the at least one anchoring ring and/or to
the set of piles;

- fixing a free end of the central section (6) of each anchoring line (200) to the counterweight (1);
- dragging the floating platform (100) sideways until the anchoring lines (200) are tensioned, and;
- flooding the at least one flotation chamber.

Patentansprüche

1. Verankerungssystem, das eine schwimmende Plattform (100) und mindestens ein Paar Verankerungsleinen (200)
umfasst, die so konfiguriert sind, dass sie die schwimmende Plattform (100) mit Hilfe mindestens eines unteren
Abschnitts (8) jeder Verankerungsleine (200) am Meeresboden (5) befestigen oder verankern, wobei jede Veran-
kerungsleine (200) auch einen mittleren Abschnitt (6) umfasst, der an einem Gegengewicht (1) befestigt ist ), wobei
jedes Paar von Verankerungsleinen (200) zwei Verankerungsleinen (200) umfasst, die in einer Ebene angeordnet
sind, die durch eineMittelachse (300) der schwimmendenPlattform (100) verläuft, und die sich jeweils auf einer Seite
und der anderen Seite derMittelachse (300) der schwimmenden Plattform (100) befinden, wobei das Verankerungs-
system mindestens ein erstes drehbares Befestigungsmittel (3) für jede Verankerungsleine , wobei jedes erste
drehbare Befestigungsmittel (3) an einem ersten Punkt der schwimmenden Plattform (100) befestigt und so
konfiguriert ist, dass es jede Verankerungsleine (200) an der schwimmenden Plattform (100) an dem ersten Punkt
der schwimmenden Plattform (100) befestigt, wobei es das Gleiten der Verankerungsleine (200) entlang des ersten
drehbaren Befestigungsmittels (3) ermöglicht, dadurch gekennzeichnet, dass:

- jede Verankerungsleine (200) mindestens eine direkte Unterleine (200d) und eine Querunterleine (200c)
umfasst, die jeweils ihr eigenes Verankerungskabel oder ihre eigene Verankerungskette umfassen, wobei jede
direkteUnterleine (200d) von demersten drehbarenBefestigungsmittel (3) zumGegengewicht (1) verläuft, ohne
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durch die Mittelachse (300) der schwimmenden Plattform (100) zu verlaufen, und wobei jede Querunterleine
(200c) von dem ersten drehbaren Befestigungsmittel (3) zumGegengewicht (1) durch die Mittelachse (300) der
schwimmenden Plattform (100) verläuft;
- wobei das Systemmindestens ein zweites drehbares Befestigungsmittel (2c) für jede Verankerungsleine (200)
umfasst, wobei jedes zweite drehbare Befestigungsmittel (2c) an einem zweiten Punkt der schwimmenden
Plattform (100) befestigt ist und so konfiguriert ist, dass es jede Querunterleine (200c) jeder Verankerungsleine
(200) ander schwimmendenPlattform (100) andemzweitenPunkt der schwimmendenPlattform (100) befestigt,
wodurch ein Gleiten der Querunterleine (200c) entlang des zweiten drehbaren Befestigungsmittels (2c) ermög-
licht wird, sodass jede Querunterleine (200c) von dem ersten drehbaren Befestigungsmittel (3) zum Gegenge-
wicht (1) verläuft, und zwar erstens durch dieMittelachse (300) der schwimmendenPlattform (100) und zweitens
gleitend entlang des zweiten drehbaren Befestigungsmittels (2c).

2. VerankerungssystemnachAnspruch 1,dadurch gekennzeichnet, dassdie schwimmendePlattform (100) ein Paar
vorstehender Strukturarme (12) für jedes Paar Verankerungsleinen (200) umfasst, wobei jedes Paar vorstehender
Strukturarme (12) einen ersten Arm (12a) und einen zweiten Arm (12b) umfasst, die symmetrisch in Bezug auf die
Mittelachse (300) der der schwimmenden Plattform (100) angeordnet ist, wobei jeder vorstehende Strukturarm (12)
aneinerHauptstruktur (400)derschwimmendenPlattform(100)angebracht ist,wobei jeder vorstehendeStrukturarm
(12) radial von einemerstenEnde (121), das an derHauptstruktur (400) der schwimmendenPlattform (1) angebracht
ist, zu einem zweiten Ende (122) verläuft, das nach außen der schwimmenden Plattform (1) vorsteht, wobei das
mindestens eine erste drehbare Befestigungsmittel (3) an der schwimmenden Plattform (100) in Übereinstimmung
mit dem zweiten Ende (122) des ersten Arms (12a) befestigt ist und wobei das mindestens eine zweite drehbare
Befestigungsmittel (2) an der schwimmenden Plattform (100) an einem Punkt befestigt ist, der sich in Überein-
stimmung mit dem zweiten Arm (12b) befindet.

3. Verankerungssystem nach Anspruch 2, dadurch gekennzeichnet, dass die Hauptstruktur (400) der schwimm-
enden Plattform (100) eine Geometrie in Form eines zylindrischen, konischen oder pyramidenförmigen Schafts
aufweist.

4. Verankerungssystem nach Anspruch 3, dadurch gekennzeichnet, dass es eine Vielzahl von Speichen (600)
umfasst, die mit der Hauptstruktur (400) verbunden sind, wobei sich an jedem freien Ende jeder Speiche (600) ein
Schwimmkörper (500) befindet.

5. VerankerungssystemnachAnspruch4,dadurchgekennzeichnet, dassdieSchwimmkörper (500)mindestenseine
flutbare Kammer umfassen.

6. Verankerungssystem nach Anspruch 3, dadurch gekennzeichnet, dass die Hauptstruktur (400) mindestens einen
Schwimmkörper (500) umfasst.

7. VerankerungssystemnachAnspruch6,dadurchgekennzeichnet,dassdermindestenseineSchwimmkörper (500)
mindestens eine flutbare Kammer umfasst.

8. Verankerungssystem nach Anspruch 2, dadurch gekennzeichnet, dass die Hauptstruktur (400) der schwimm-
enden Plattform (100) eine ringförmige Geometrie aufweist, wobei der Ring mittels Speichen (600) mit einem
zylindrischen, konischen oder pyramidenförmigen Schaft verbunden ist.

9. Verankerungssystem nach Anspruch 8, dadurch gekennzeichnet, dass die Hauptstruktur (400) einen Schwimm-
ring (700) bildet.

10. Verankerungssystem nach Anspruch 9, dadurch gekennzeichnet, dass der Schwimmring (700) mindestens eine
flutbare Kammer umfasst.

11. Verankerungssystem nach einem der vorhergehenden Ansprüche, dadurch gekennzeichnet, dass esmindestens
ein drittes drehbares Befestigungsmittel (2d) für jede Verankerungsleine (200) umfasst, wobei jedes dritte drehbare
Befestigungsmittel (2d) an einem dritten Punkt der schwimmenden Plattform (100) befestigt und so konfiguriert ist,
dass es jede direkte Unterleine (200d) jeder Verankerungsleine (200) an der schwimmenden Plattform (100) an dem
dritten Punkt der schwimmenden Plattform (100) zu befestigen, wobei das Gleiten der direkten Unterleine (200d)
entlang des dritten drehbaren Befestigungsmittels (2d) ermöglicht wird, so dass jede direkte Unterleine (200d) von
dem ersten drehbaren Befestigungsmittel (3) zu demGegengewicht (1) verläuft und dabei durch das dritte drehbare
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Befestigungsmittel (2d) hindurchgeht und entlang diesem gleitet.

12. Verankerungssystem nach einem der vorhergehenden Ansprüche, dadurch gekennzeichnet, dass esmindestens
einDrehführungsmittel (11) für jedeVerankerungsleine (200) umfasst, wobei jedesDrehführungsmittel (11) an einem
vierten Punkt der schwimmenden Plattform (100) angebracht und so konfiguriert ist, dass es den Verlauf der
Querunterleine (200c) jeder Verankerungsleine (200) zu führen, wobei das Gleiten der Querunterleine (200c) durch
die Drehführungseinrichtung (11) ermöglicht wird, so dass jede Quer-Unterleine (200c) zwischen des ersten dreh-
baren Befestigungsmittels (3) und des zweiten drehbaren Befestigungsmittels (2c) verläuft und dabei durch die
Drehführungseinrichtung (11) hindurchgeht und entlang dieser gleitet.

13. Verankerungssystem nach einem der vorhergehenden Ansprüche, dadurch gekennzeichnet, dass jeder untere
Abschnitt (8) jeder Verankerungsleine (200) eine Boje (9) umfasst, die den unteren Abschnitt (8) in einen ersten
Abschnitt, der zwischen demMeeresboden (5) und der Boje (9) verläuft, und einen zweiten Abschnitt, der zwischen
der Boje (9) und dem mindestens einen ersten drehbaren Befestigungsmittel (3) verläuft, unterteilt.

14. Verankerungssystem nach einem der vorhergehenden Ansprüche, dadurch gekennzeichnet, dass das Gegen-
gewicht (1) mindestens eine flutbare Kammer umfasst.

15. Verfahren zur Installation einer schwimmenden Plattform (1) unter Verwendung eines Verankerungssystems nach
Anspruch 14, dadurch gekennzeichnet, dass es Folgendes umfasst:

- Positionierung und/oder Verankerung amMeeresboden (5) unter einemOrt der Installation der schwimmenden
Plattform (100), mindestens ein Anker und/oder mindestens ein Bodengewicht (4) und/oder mindestens ein
Verankerungsring und/oder ein Satz Pfähle;
- Bewegen der schwimmenden Plattform (100) und des Gegengewichts (1) an ihren Ort der Installation, wo sich
die mindestens eine flutbare Kammer befindet, ohne geflutet zu werden;
- Anbringen eines freien Endes des unteren Abschnitts (8) jeder Verankerungsleine (200):

oan dem mindestens einen Anker und/oder dem mindestens einen Bodengewicht (4) und/oder dem
mindestens einen Verankerungsring und/oder dem Satz von Pfählen oder;
omit einerBoje (9), die zuvor durcheinenerstenAbschnitt desunterenAbschnitts (8) derVerankerungsleine
(200)mit demmindestens einenAnker und/oder demmindestens einenBodengewicht (4) und/odermit dem
mindestens einen Verankerungsring und/oder dem Satz von Pfählen verbunden war;

- Befestigen eines freien Endes des mittleren Abschnitts (6) jeder Verankerungsleine (200) an dem Gegenge-
wicht (1);
- seitliches Ziehen der schwimmenden Plattform (100), bis die Verankerungsleinen (200) gespannt sind, und
- Fluten der mindestens einen flutbaren Kammer.

Revendications

1. Système d’ancrage comprenant une plate-forme flottante (100) et au moins une paire de lignes d’ancrage (200),
configurée pour fixer ou ancrer la plate-forme flottante (100) au fond marin (5) au moyen d’au moins une section
inférieure (8) de chaque ligne d’ancrage (200), dans lequel chaque ligne d’ancrage (200) comprend également une
section centrale (6) attachéeàuncontrepoids (1), dans lequel chaquepairede lignesd’ancrage (200) comprenddeux
lignes d’ancrage (200) disposées dans un plan qui passe par un axe central (300) de la plate-forme flottante (100), et
situées respectivement d’un côté et de l’autre de l’axe central (300) de la plate-forme flottante (100), dans lequel le
système d’ancrage comprend au moins un premier moyen de fixation rotatif (3) pour chaque ligne d’ancrage (200),
chaque premier moyen de fixation rotatif (3) étant fixé à un premier point de la plate-forme flottante (100) et étant
configuré pour fixer chaque ligne d’ancrage (200) à la plate-forme flottante (100) au niveau dudit premier point de la
plate-forme flottante (100), ce qui permet le coulissement de la ligne d’ancrage (200) le long dudit premier moyen de
fixation rotatif (3), caractérisé en ce que :

- chaque ligne d’ancrage (200) comprend aumoins une sous-ligne directe (200d) et une sous-ligne transversale
(200c), chacune comprenant son propre câble ou sa propre chaîne d’ancrage, chaque sous-ligne directe (200d)
s’étendant du premier moyen de fixation rotatif (3) au contrepoids (1) sans passer par l’axe central (300) de la
plate-forme flottante (100), et chaque sous-ligne transversale (200c) s’étendant du premier moyen de fixation
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rotatif (3) au contrepoids (1) par l’axe central (300) de la plate-forme flottante (100) ;
- le système comprend au moins un second moyen de fixation rotatif (2c) pour chaque ligne d’ancrage (200),
chaque secondmoyen de fixation rotatif (2c) étant fixé à un second point de la plate-forme flottante (100) et étant
configuré pour fixer chaque sous-ligne transversale (200c) de chaque ligne d’ancrage (200) à la plate-forme
flottante (100) au niveau dudit second point de la plate-forme flottante (100), ce qui permet le coulissement de la
sous-ligne transversale (200c) le long dudit secondmoyen de fixation rotatif (2c), de sorte que chaque sous-ligne
transversale (200c) s’étend du premier moyen de fixation rotatif (3) au contrepoids (1) d’abord par l’axe central
(300) de la plate-formeflottante (100) et ensuite par coulissement le longdu secondmoyende fixation rotatif (2c).

2. Systèmed’ancrageselon la revendication1,caractériséenceque la plate-formeflottante (100) comprendunepaire
de bras structurels saillants (12) pour chaque paire de lignes d’ancrage (200), chaque paire de bras structurels
saillants (12) comprenant un premier bras (12a) et un second bras (12b) situés symétriquement par rapport à l’axe
central (300) de la plate-forme flottante (100), chaque bras structurel saillant (12) étant fixé à une structure principale
(400) de la plate-forme flottante (100), chaque bras structurel saillant (12) s’étendant radialement d’une première
extrémité (121) fixée à la structure principale (400) de la plate-forme flottante (100) à une seconde extrémité (122)
faisant saillie vers l’extérieur de la plate-forme flottante (100), l’aumoins un premier moyen de fixation rotatif (3) étant
fixé à la plate-forme flottante (100) en correspondance avec la seconde extrémité (122) du premier bras (12a), et l’au
moins un second moyen de fixation rotatif (2) étant fixé à la plate-forme flottante (100) en un point situé en
correspondance avec le second bras (12b).

3. Système d’ancrage selon la revendication 2, caractérisé en ce que la structure principale (400) de la plate-forme
flottante (100) comprend une géométrie en forme d’arbre cylindrique, conique ou pyramidal.

4. Systèmed’ancrageselon la revendication3,caractériséencequ’il comprendunepluralité de rayons (600) reliésà la
structure principale (400), un élément de flottaison (500) se trouvant à chaque extrémité libre de chaque rayon (600).

5. Systèmed’ancrage selon la revendication 4, caractérisé en ce que les éléments de flottaison (500) comprennent au
moins une chambre inondable.

6. Système d’ancrage selon la revendication 3, caractérisé en ce que la structure principale (400) comprend aumoins
un élément de flottaison (500).

7. Système d’ancrage selon la revendication 6, caractérisé en ce que l’au moins un élément de flottaison (500)
comprend au moins une chambre inondable.

8. Système d’ancrage selon la revendication 2, caractérisé en ce que la structure principale (400) de la plate-forme
flottante (100) comprend une géométrie en forme d’anneau, ledit anneau étant relié au moyen de rayons (600) à un
arbre cylindrique, conique ou pyramidal.

9. Systèmed’ancrage selon la revendication 8, caractérisé en ce que la structure principale (400) constitue un anneau
de flottaison (700).

10. Système d’ancrage selon la revendication 9, caractérisé en ce que l’anneau de flottaison (700) comprend aumoins
une chambre inondable.

11. Système d’ancrage selon l’une quelconque des revendications précédentes, caractérisé en ce qu’il comprend au
moins un troisième moyen de fixation rotatif (2d) pour chaque ligne d’ancrage (200), chaque troisième moyen de
fixation rotatif (2d) étant fixé à un troisième point de la plate-forme flottante (100) et étant configuré pour attacher
chaque sous-ligne directe (200d) de chaque ligne d’ancrage (200) à la plate-forme flottante (100) au niveau dudit
troisième point de la plate-forme flottante (100), ce qui permet le coulissement de la sous-ligne directe (200d) le long
dudit troisièmemoyendefixation rotatif (2d), desorte quechaquesous-lignedirecte (200d) s’étenddupremiermoyen
de fixation rotatif (3) au contrepoids (1) en passant par et en coulissant le long du troisième moyen de fixation rotatif
(2d).

12. Système d’ancrage selon l’une quelconque des revendications précédentes, caractérisé en ce qu’il comprend au
moinsunmoyendeguidage rotatif (11) pour chaque ligned’ancrage (200), chaquemoyendeguidage rotatif (11)étant
fixé à un quatrième point de la plate-forme flottante (100) et étant configuré pour guider le parcours de la sous-ligne
transversale (200c) de chaque ligne d’ancrage (200), ce qui permet le coulissement de la sous-ligne transversale

29

EP 4 353 577 B1

5

10

15

20

25

30

35

40

45

50

55



(200c) par ledit moyen de guidage rotatif (11), de sorte que chaque sous-ligne transversale (200c) s’étend entre le
premiermoyendefixation rotatif (3) et le secondmoyendefixation rotatif (2c)enpassant paret encoulissant le longdu
moyen de guidage rotatif (11).

13. Système d’ancrage selon l’une quelconque des revendications précédentes, caractérisé en ce que chaque section
inférieure (8) de chaque ligne d’ancrage (200) comprend une bouée (9) qui divise la section inférieure (8) en une
premièrepartie qui s’étendentre le fondmarin (5) et la bouée (9) et unesecondepartie qui s’étendentre la bouée (9) et
l’au moins un premier moyen de fixation rotatif (3).

14. Système d’ancrage selon l’une quelconque des revendications précédentes, caractérisé en ce que le contrepoids
(1) comprend au moins une chambre inondable.

15. Procédé d’installation d’une plate-forme flottante (100) utilisant un système d’ancrage selon la revendication 14,
caractérisé en ce qu’il consiste à :

- positionner et/ou ancrer au fondmarin (5), sous un lieu d’installation de la plate-forme flottante (100), au moins
une ancre et/ou aumoins un poids inférieur (4) et/ou aumoins un anneau d’ancrage et/ou un ensemble de pieux ;
- déplacer la plate-forme flottante (100) et le contrepoids (1) vers leur lieu d’installation, l’au moins une chambre
inondable étant située sans inondation ;
- fixer une extrémité libre de la section inférieure (8) de chaque ligne d’ancrage (200) :

oà l’aumoins uneancre et/ou à l’aumoins un poids inférieur (4) et/ou à l’aumoins un anneau d’ancrage et/ou
à l’ensemble de pieux, ou ;
oà une bouée (9) précédemment reliée par une première partie de la section inférieure (8) de la ligne
d’ancrage (200) à l’aumoins une ancre et/ou à l’aumoins un poids inférieur (4) et/ou à l’aumoins un anneau
d’ancrage et/ou à l’ensemble de pieux ;

- fixer une extrémité libre de la section centrale (6) de chaque ligne d’ancrage (200) au contrepoids (1) ;
- faire glisser la plate-formeflottante (100) sur le côté jusqu’à ceque les lignesd’ancrage (200) soient tendues, et ;
- inonder l’au moins une chambre de flottaison.
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