EP 4 467 441 A1

(19) Europdisches

Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 4 467 441 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
27.11.2024 Bulletin 2024/48

(21) Application number: 23305839.5

(22) Date of filing: 26.05.2023

(51) International Patent Classification (IPC):

B63B 21/04 (2006.01)

(562) Cooperative Patent Classification (CPC):

B63B 21/04; B63B 2021/003; B63B 2035/446

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FI FR GB
GRHRHUIEISITLILTLULVMC ME MK MT NL
NO PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA
Designated Validation States:
KH MA MD TN

(71) Applicant: TotalEnergies OneTech
92400 Courbevoie (FR)

(72) Inventors:

« LE GUENNEC, Stéphane
92078 PARIS LA DEFENSE CEDEX (FR)
+ BARRIER, Philippe
92078 PARIS LA DEFENSE CEDEX (FR)

(74) Representative: Lavoix

2, place d’Estienne d’Orves
75441 Paris Cedex 09 (FR)

(54) AN OFFSHORE POWER PRODUCTION INSTALLATION COMPRISING A FLOATING
PLATFORM WITH A CONNECTION MEMBER FORMING A HOOK FOR CONNECTION TO A
MOORING LINE INCLUDING A SYNTHETIC ROPE

(57)  An offshore power production installation (10)
comprising:

- at least one platform (12) adapted for floating on body
of water (14), and comprising a hull (16), and at least one
connector (18) having a connection member (20) forming
a hook protruding from the hull (16),

- a wind turbine (22) mounted on the platform,

- at least one mooring line (24) adapted for connecting
the platform (12) and a seabed (26), and comprising a
rope (28) having an upper portion (30) forming an eye
(32), the rope including a material having a Young’s mod-
ulus larger than 50 GPa, the material being a polymer
material or carbon fibers, and the rope being mobile with
respect to the hull between:

- a disconnected position in which the eye is away from
the connector, and

- a connected position in which the eye surrounds the
connection member and the mooring line is intended to
apply a traction (T) on the connection member.
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Description

[0001] The present invention deals with an offshore
power production installation comprising:

- atleast one platform adapted for floating on body of
water, and comprising a hull, and and at least one
connector,

- awind turbine mounted on the platform, and

- atleast one mooring line adapted for connecting the
platform and a seabed.

[0002] The invention also deals with a method of build-
ing (installing) such an installation.

[0003] The floating offshore wind applications are ex-
pected to grow very quickly in the next coming years,
with wind farms made of tens of units, each one of them
being moored with typically three to six mooring lines. In
floating offshore wind turbine (or FOWT) applications,
the mooring lines are typically made of steel chains on
the ground and a length of either synthetic rope or steel
rope connected to the floater by a dedicated connector.
Such a connector is designed to ease the line hook-up
operation and disconnection in case tow-to-port is re-
quired for heavy maintenance.

[0004] Though the connector designs have improved
over the past years in order to become more compact,
they remain expensive pieces of equipment in FOWT
applications. Usually, they are metal parts allowing rota-
tion around two perpendicular axes, and they comprise
a male portion and a corresponding female portion.
[0005] However, reducing the LCOE (levelized cost of
energy) is crucial for these technologies. There is a need
for innovative solutions to reduce the investment cost of
these technologies, without impairing their primary tech-
nical functionalities.

[0006] To this end, the invention proposes an offshore
power production installation comprising:

- atleast one platform adapted for floating on body of
water, and comprising a hull, and at least one con-
nector having a connection member forming a hook
protruding from the hull,

- awind turbine mounted on the platform, and

- atleast one mooring line adapted for connecting the
platform and a seabed, and comprising arope having
an upper portion forming an eye, the rope including
a material having a Young’'s modulus larger than 50
GPa, the material being a polymer material or carbon
fibers, and the rope being mobile with respect to the
hull between:

- adisconnected position in which the eye is away
from the connector, and

- aconnected position in which the eye surrounds
the connection member and the mooring line is
intended to apply a traction on the connection
member.
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[0007] Inother embodiments, the installation compris-
es one or several of the following features, taken in iso-
lation or any technically feasible combination:

- the connection member is tubular;
- the connector further comprises an anti-uplift system
mobile with respect to the hull between:

- the connector comprises an anti-uplift system
mobile with respect to the hull between: a closed
position, in which the anti-uplift system is fixed
to the hull and to a distal portion of the connec-
tion member with respectto the hull, and in which
the eye is trapped in a loop formed at least by
the connection member and the anti-uplift sys-
tem, and in which the rope is prevented from
switching from the connected position to the dis-
connected position; and an open position, in
which the rope is movable from the disconnect-
ed position to the connected position;

- theanti-uplift system is mounted on the hull mov-
able between the closed position and the open
position, and has a distal extremity adapted for
being locked on the distal portion of the connec-
tion member in the closed position;

- the connection member extends along a curved
line, the distal portion being intended to point
upwards;

- the connection member defines a contact sur-
face intended to be in contact with the mooring
line in the connected position, the contact sur-
face having a minimum radius of curvature; the
rope has a radius; and the minimum radius of
curvature divided by the radius defines a ratio
greater than or equal to 2.0;

- the connector comprises a plurality of reinforce-
ment members respectively including plates
fixed to the hull and to the connection member,
the plates extending radially from the connection
member downwards, the reinforcement mem-
bers being adapted for reinforcing connection of
the connection member to the hull;

- the mooring line has a lower part and an upper
part when connected to the platform and to the
seabed, the rope being only in the upper part of
the mooring line;

- the rope comprises a plurality of subropes con-
taining said material;

- the connection member comprises a coating
adapted for reducing abrasion of the mooring
line;

- the coating comprises polytetrafluoroethylene
or ceramic;

- the rope comprises a polyurethane coating at
least within said eye;

- the mooring line comprises a metal thimble, the
eye surrounding the thimble around the connec-
tion member in the connected position, and the
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thimble being intended to be in contact with the
connection member in the connected position;
and

- starting from the hull, the connection member
gets slimmer along the line.

[0008] The invention also proposes a method of build-
ing an installation as described above, comprising the
following steps:

- providing the platform, the wind turbine and the
mooring line,

- moving the rope from the disconnected position to
the connected position,

- anchoring the mooring line to the seabed, and

- tensioning the mooring line, the mooring line apply-
ing said traction on the connection member.

[0009] In a particular embodiment of the method:

- the mooring line comprises an upper part including
atleast part of the rope and intended to be connected
to the connection member, and a lower partintended
to be anchored to the seabed, and

- moving the rope from the disconnected position to
the connected position includes connecting the up-
per part to the connecting member prior to bringing
the platform to an operation location on the body of
water, the lower part and the upper part being dis-
connected from one another,

the method comprising:

- connecting the lower part to the upper part after
bringing the platform at the operation location, and
- reaching a nominal tension of the mooring line.

[0010] The invention and its advantages will be better
understood upon reading the following description, given
solely by way of example and with reference to the ap-
pended drawings, in which:

- Figure 1 is a schematic, side view of an installation
according to the invention,

- Figure 2is schemaitic, perspective view of a connec-
tor of the installation shown in Figure 1, with an eye
formed by the upper portion of a rope of the instal-
lation,

- Figure 3 is a schematic side view of the elements
represented in Figure 2,

- Figure 4 is a face view of the eye shown in Figures
2 and 3, and

- Figures 5 and 6 are cross-sectional views of the rope
shown in figures 2 to 4, performed under the eye
(Figure 5) and in the eye (Figure 6) perpendicularly
to an extension line of the rope and the eye.

[0011] With reference to Figures 1 to 3, an offshore
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power production installation 10 according to the inven-
tion will be described.

[0012] The installation 10 comprises a platform 12
adapted forfloating on a body of water 14, and comprising
a hull 16 and at least one connector 18 having a connec-
tion member 20 forming a hook protruding from the hull.
The installation 10 comprises a wind turbine 22 mounted
on the platform 12.

[0013] Theinstallation 10 comprises atleast one moor-
ing line 24 adapted for connecting the platform 12 and a
seabed 26, and comprising a rope 28 having an upper
portion 30 forming an eye 32, the rope being mobile with
respect to the hull 16 between a connected position (Fig-
ures 1to 3), in which the eye 32 surrounds the connection
member 20 and the mooring line 24 is intended to apply
atraction T on the connection member 20, and a discon-
nected position (not shown, but derivable from the con-
nected position by sliding the eye 32 away from the con-
nector 18).

[0014] As a variant (not shown), the installation 10
comprises a plurality of floating platforms, with a plurality
of wind turbines respectively fixed on the platforms.
[0015] Advantageously, the installation 10 has several
other mooring lines (not shown), which are for example
structurally analogous to the mooring line 24. As variants,
the other mooring lines are of different, and of known
types. The mooring lines form a mooring system.
[0016] In case there are several mooring lines analo-
gous to the mooring line 24, the installation advanta-
geously comprises several corresponding connectors,
for example structurally analogous to the connector 18
and distributed around the hull 16.

[0017] The body of water 14 is for example an ocean,
a sea or a lake.

[0018] The wind turbine 22 is adapted for producing
said power.

[0019] The hull 16 is for example a metal structure de-
fining an interior volume 34, and exterior volume 36 oc-
cupied by the body of water 14 or the atmosphere 38.
[0020] As best seen in Figures 2 and 3, apart from the
above mentioned connection member 20, the connector
18 for example comprises a plurality of reinforcement
members 40.

[0021] Advantageously, the connector 18 comprises
an anti-uplift system 42 mobile with respect to the hull 16
between a closed position (Figures 1 to 3), and an open
position (not shown, but which can be deduced from the
closed position based on the below explanations).
[0022] The connector 18 is advantageously below a
surface 44 of the body of water 14.

[0023] In a particular embodiment (not shown), the
connector 18 does not have the reinforcement members
40, for example in case the connection member 20 is
strong enough toresistthe traction T applied by the moor-
ing line 24.

[0024] In another particular embodiment (not shown),
the connector 18 does not include the anti-uplift system
42, for example in case the hook has a more curved



5 EP 4 467 441 A1 6

shape than in the example, that would naturally prevent
the rope 28 from switching from to connected position to
the disconnected position in extreme weather conditions.
According to another case, for example thanks to a par-
ticular dynamic behavior of the mooring line 24, the risk
of an uplift of the eye 32 could be so low, or non-existent,
that the anti-uplift system 42 is not useful.

[0025] The connection member 20 is advantageously
tubular. The connection member 20 advantageously ex-
tends along a curved line 46, allowing smooth move-
ments of the eye 32 with respect to the connection mem-
ber 20 in the connected position.

[0026] As a variant (not shown), the connection mem-
ber 20 may follow a different line, for example showing
an angle.

[0027] Forexample, along said line 46, the connection
member 20 has a proximal portion 48 with respect to the
hull 16, a median portion 50 intended to bear the mooring
line 24, and a distal portion 52 intended to point upwards
(the line 46 within the distal portion 52 points upwards
when the platform 12 is in an average floating position).
[0028] For example, the connection member 20, ad-
vantageously in the median portion 50, defines a contact
surface S1 (figure 4) intended to be in contact with the
mooring line 24 in the connected position, the contact
surface S1 having a minimum radius of curvature R1.
[0029] The notion of minimum radius of curvature at a
point of a surface is known to the skilled person, and is
usually defined as the radius of the smallest osculating
circle at said point.

[0030] For example, starting from the hull 16, the con-
nection member 20 gets slimmer along the line 46.
[0031] The connection member 20 is for example weld-
ed to the hull 16.

[0032] In a particular embodiment, the connection
member 20 is made of steel and fitted with a special coat-
ing 54 adapted for limiting friction and thus wear of the
mooring line 24.

[0033] The coating 54 is for example in polytetrafluor-
oethylene or ceramic.

[0034] Theline 46 advantageously extends ina vertical
plane P (figure 3) when the platform 12 is in said average
floating position. For example, the line 46 approximately
forms a quarter of an ellipse or of a circle.

[0035] In the closed position, the anti-uplift system 42
is fixed to the hull 16 and to the distal portion 52 of the
connection member 20, and the eye 32 is trapped in a
loop 56 formed by the connection member 20, the anti-
uplift system 42, and in the example by the hull 16. The
closed position is adapted for preventing the rope 28 from
switching from the connected position to the disconnect-
ed position.

[0036] As a variant (not shown), the loop 56 is for ex-
ample formed only by the connection member 20 and
the anti-uplift system 42.

[0037] Inthe open position of the anti-uplift system 42,
the rope 28 remains movable from the disconnected po-
sition to the connected position.
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[0038] For example, the anti-uplift system 42 compris-
es a bar 58.
[0039] Advantageously, the anti-uplift system 42 is

mounted on the hull 16 movable between the closed po-
sition and the open position, and has a distal extremity
60 adapted for being locked on the distal portion 52 of
the connection member 20 in the closed position. For
example, the bar 58 is adapted for pivoting with respect
to the hull 16 around an axis R.

[0040] The axis R isfor example vertical when the plat-
form 12 is in the average floating position.

[0041] As avariant (notshown), the axis Ris horizontal
when the platform 12 is in the average floating position.
In other words, the bar 58 is intended to pivot vertically,
instead of horizontally.

[0042] The reinforcementmembers 40, orgussets, are
adapted for reinforcing the connection of the connection
member 20 to the hull 16.

[0043] Advantageously, the reinforcement members
40 respectively include plates 62 fixed to the hull 16 and
to the connection member 20, the plates 62 for example
extending radially from the connection member 20 down-
wards.

[0044] The mooring line 24 has a lower part 64 and an
upper part 68 when connected to the platform 12 and to
the seabed 26, the rope 28 being only in the upper part
68 in the example.

[0045] As a variant (not shown), the rope 28 also ex-
tends in the lower part 64 until an anchoring structure 70.

[0046] The lower part 64 for example comprises a
chain 72.
[0047] Inthe example, the mooring line 24 further com-

prises a metal thimble 74 (Figure 4), the eye 32 surround-
ing the thimble around the connection member 20 in the
connected position, and the thimble being intended to be
in contact with the connection member in the connected
position.

[0048] The thimble 74 advantageously protects the
eye 32 from friction.

[0049] As a variant, there is no thimble. The eye 32 is
in direct contact with the connection member 20.
[0050] The rope 28 includes a material having a
Young’s modulus larger than 50 GPa, the material being
a polymer material or carbon fivers. The material is ad-
vantageously resistant to abrasion.

[0051] For example, the polymer material comprises,
or in a particular embodiment is, high modulus polyeth-
ylene (HMPE or UHMWPE) or aromatic polyamide.
[0052] The polymer material may comprise reinforcing
carbon fibers.

[0053] The rope 28 for examples comprises a plurality
of subropes 76 containing said material, and advanta-
geously made of said material.

[0054] The rope 28 advantageously comprises a sand
filter 78 comprising a ribbon 80 helically rolled around
said plurality of subropes 76 considered a whole, while
overlapping, the sand filter 78 being adapted for prevent-
ing sand (not shown) and marine growth from reaching
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the subropes from outside the rope.

[0055] The rope 28 for example comprises a braided
cover 82 located on the sand filter 78.

[0056] In a particular embodiment (not shown), the
braided cover 82 is the most external layer of the whole
rope 28.

[0057] In another particular embodiment, the braided
cover 82 is the most external layer of the rope 28 except
in the upper portion 30 forming the eye 32.

[0058] For example, the braided cover 82 comprises
HMPE or aromatic polyamide, and is made of HMPE or
aromatic polyamide in a particular embodiment.

[0059] For example, the rope 28 comprises a poly-
urethane coating 86 at least within said eye 32.

[0060] For example, the ribbon 80 forms six layers 88
on the subropes 76 due to overlapping.

[0061] For example, the rope 28 has a radius R2, in
particular within the eye (32).

[0062] Advantageously, the minimum radius of curva-
ture R1 divided by the radius R2 defines a ratio R1/R2
greater than or equal to 2.0, preferably 2.5.

[0063] Advantageously the ratio R1/R2 is smaller than
or equal to 4.0, preferably 3.5.

[0064] For example, the ratio R1/R2 is approximately
3.0.
[0065] In case the contact surface S1 is reduced to a

line of contact, then R1 is the minimum radius of curvature
of that line.

[0066] When theinstallation 10isin operation, the rope
28 is in the connected position. Advantageously, the anti-
uplift system 42 is in the closed position and prevents
the rope 28 from switching from the connected position
to the disconnected position, in case of storm conditions
(should uplift occurs).

[0067] Forswitching from the connected position to the
connected position, or vice-versa, the anti-uplift system
42 is put in the open position.

[0068] A method of building the installation 10 will now
be briefly described.

[0069] The method comprises providing the platform
12, the wind turbine 22 and the mooring line 24, moving
the rope 28 from the disconnected position to the con-
nected position, and anchoring the mooring line 24 to the
seabed 26.

[0070] The method also comprises tensioning the
mooring line 24, the mooring line applying the traction T
on the connection member 20.

[0071] Advantageously, the rope 28 is moved from the
disconnected position to the connected position by con-
necting the upper part 68 to the connecting member 20,
the lower part 64 and the upper part 68 being discon-
nected from one another. This is advantageously per-
formed before bringing the platform 12 to its operation
location on the body of water 14, for example when the
platform 12 is on a quay (not shown). The upper part 68
may be deployed once the platform 12 is at its operation
location. By doing so, the eye 32 does not have to be
connected to the connection member 20 while the con-
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nection member is under water.

[0072] Advantageously, the lower part 64 of the moor-
ing line 24 is anchored to the seabed 26 while the lower
part 64 and the upper part 68 are still disconnected from
one another.

[0073] The lower part 64 and the upper part 68 are
advantageously connected to each other after the plat-
form 12 is brought to its operation location.

[0074] Tensioning allows reaching a nominal tension
of the mooring line 24.

[0075] Thanks to the above features, the installation
10 does not include an expensive connector, at least for
connecting the mooring line 24 to the platform 12, and
advantageously for all of its mooring lines (not shown).
Investment costs and the LCOE (levelized cost of energy)
are thus reduced.

[0076] For connecting the rope 28 to the connector 18,
the upper portion 30 is advantageously hooked directly
to the connection member 20.

[0077] Asopposed to prior art, the connection member
20 is fixed with respect to the hull 16, and does not rotate
along two axes of rotation (no mechanical component /
no bushing), which would limit the bending moment in
the mooring line. Instead, thanks to HMPE or aromatic
polyamide, the rope 28 has a high resistance and is able
to withstand wear and bending induced by motions of the
platform 12.

[0078] Advantageously, the anti-uplift system 42 en-
sures that no uplift of the rope 28 occurs in the connected
position.

Claims

1. An offshore power production installation (10) com-
prising:

- at least one platform (12) adapted for floating
on body of water (14), and comprising a hull (16),
and at least one connector (18) having a con-
nection member (20) forming a hook protruding
from the hull (16),

- a wind turbine (22) mounted on the platform
(12), and

- at least one mooring line (24) adapted for con-
necting the platform (12) and a seabed (26), and
comprising a rope (28) having an upper portion
(30) forming an eye (32), the rope (28) including
amaterial having a Young’s modulus larger than
50 GPa, the material being a polymer material
or carbon fibers, and the rope (28) being mobile
with respect to the hull (16) between:

- a disconnected position in which the eye (32)
is away from the connector (18), and

- a connected position in which the eye (32) sur-
rounds the connection member (20) and the
mooring line (24) is intended to apply a traction
(T) on the connection member (20).
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The installation (10) according to claim 1, wherein
the connection member (20) is tubular.

The installation (10) according to claim 1 or 2, where-
in the connector (18) comprises an anti-uplift system
(42) mobile with respect to the hull (16) between:

-aclosed position, in which the anti-uplift system
(42)is fixed to the hull (16) and to a distal portion
(52) of the connection member (20) with respect
to the hull (16), and in which the eye (32) is
trapped in aloop (56) formed at least by the con-
nection member (20) and the anti-uplift system
(42), and in which the rope (28) is prevented
from switching from the connected position to
the disconnected position, and

- an open position, in which the rope (28) is mov-
able from the disconnected position to the con-
nected position.

The installation (10) according to claim 3, wherein
the anti-uplift system (42) is mounted on the hull (16)
movable between the closed position and the open
position, and has a distal extremity (60) adapted for
being locked on the distal portion (52) of the connec-
tion member (20) in the closed position.

The installation (10) according to any one of claims
1to 4, wherein the connection member (20) extends
along a curved line (46), the distal portion (52) being
intended to point upwards.

The installation (10) according to claim 5, wherein:

- the connection member (20) defines a contact
surface (S1) intended to be in contact with the
mooring line (24) in the connected position, the
contact surface (S1) having a minimum radius
of curvature (R1),

- the rope (28) has a radius (R2), and

- the minimum radius of curvature (R1) divided
by theradius (R2) defines aratio (R1/R2) greater
than or equal to 2.0.

The installation (10) according to any one of claims
1 to 6, wherein the connector (18) comprises a plu-
rality of reinforcement members (40) respectively in-
cluding plates (62) fixed to the hull (16) and to the
connection member (20), the plates (62) extending
radially from the connection member (20) down-
wards, the reinforcementmembers (40) being adapt-
ed for reinforcing connection of the connection mem-
ber (20) to the hull (16).

The installation (10) according to any one of claims
1to 7, wherein the mooring line (24) has a lower part
(64) and an upper part (68) when connected to the
platform (12) and to the seabed (26), the rope (28)
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10.

1.

12.

13.

14.

15.

being only in the upper part (68) of the mooring line
(24).

The installation (10) according to any one of claims
1 to 8, wherein the rope (28) comprises a plurality of
subropes (76) containing said material.

The installation (10) according to any one of claims
1 to 9, wherein the connection member (20) com-
prises a coating (54) adapted for reducing abrasion
of the mooring line (24).

The installation (10) according to claim 10, wherein
the coating (54) comprises polytetrafluoroethylene
or ceramic.

The installation (10) according to any one of claims
1 to 11, wherein the rope (28) comprises a poly-
urethane coating (86) at least within said eye (32).

The installation (10) according to any one of claims
1 to 12, wherein the mooring line (24) comprises a
metalthimble (74), the eye (32) surrounding the thim-
ble (74) around the connection member (20) in the
connected position, and the thimble (74) being in-
tended to be in contact with the connection member
(20) in the connected position.

A method of building an installation (10) as described
by any one of claims 1 to 13, comprising the following
steps:

- providing the platform (12), the wind turbine
(22) and the mooring line (24),

- moving the rope (28) from the disconnected
position to the connected position,

- anchoring the mooring line (24) to the seabed
(26), and

- tensioning the mooring line (24), the mooring
line (24) applying said traction (T) on the con-
nection member (20).

The method according to claim 14, wherein:

- the mooring line (24) comprises an upper part
(68) including at least part of the rope (28) and
intended to be connected to the connection
member (20), and a lower part (64) intended to
be anchored to the seabed (26), and

- moving the rope (28) from the disconnected
position to the connected position includes con-
necting the upper part (68) to the connecting
member (20) prior to bringing the platform (12)
to an operation location on the body of water
(14), the lower part (64) and the upper part (68)
being disconnected from one another,

the method comprising:
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- connecting the lower part (64) to the upper part
(68) after bringing the platform (12) at the oper-
ation location, and

- reaching a nominal tension of the mooring line
(24).
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