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MULTI-FUNCTIONAL CLAMP, SYSTEM AND METHOD FOR THE
INSTALLATION OF A WIND TURBINE ON AN OFFSHORE SUBSTRUCTURE

CROSS-REFERENCE TO RELATED APPLICATIONS

This patent application claims priority from European
patent application no. 19152411.5 filed on 17/01/2019, the
entire disclosure of which 1is 1incorporated herein by
reference.

TECHNICAL FIELD

The present invention relates to a multi-functional
clamp for the installation of a wind turbine on an offshore
substructure.

The present invention relates also to a system and
method making use of the multi-functional clamp for the
installation of a wind turbine on an offshore substructure.

For the purpose of the present invention, the
definition “wind turbine” identifies a wind turbine
including a tower; a nacelle mounted atop the tower; and a
rotor fitted to the nacelle including a hub and a complete
set of blades.

The definition “tower” identifies an elongated
vertical structure; the definition “nacelle” identifies a
structure housing an electric generator and configured to
be mounted atop the tower in a rotatable manner about the
axis of the tower. The definition “rotor” identifies an
assembly comprising a hub to be fitted in rotatable manner
to the nacelle.

The definition “offshore substructure” identifies
support structure and foundations to transfer loads to the
bed of a body of water.

BACKGROUND ART

The current trend regarding the offshore wind turbine

continues to look at increasing the electric power output
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of wind turbine and calls for increasing the size of the
wind turbines. The so-called high-power wind turbines
currently under test may reach the size of the rotor
diameter of 240 m.

Offshore wind farms requires transporting the wind
turbines to installation sites by means of vessels and
installing them on respective offshore substructures.
These operations are complex and the complexity increases
with the size of the wind turbines.

One issue concerns how many of the components of the
wind turbine could be preassembled at the onshore yard/port
and how many components could be assembled at the offshore
site.

Since the installation sites for the high-power wind
turbines are normally located 1in open seas, high
specification requirement vessels are required for the
transportation so that the daily rates could be rather
high.

The patent literature contains some documents
affording the main issues concerning the installation of
offshore wind turbines.

For example, document EP 2,275,340 A2 discloses an
installation jack-up vessel provided with a cantilever mast
used to transfer of wind turbine components from the deck
of the jack-up vessel to an offshore installation site and
guide the transfer to prevent undesired swinging movements
of the wind turbine components.

In another embodiment, a main c¢rane 1s used 1in
cooperation with a guide arm to transfer and guide wind
turbine components from the jack-up vessel to the offshore
installation site.

In another embodiment, several complete assembled wind

turbines are transferred from the Jjack-up vessel to the
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installation site.

Document US 2012/195,768 Al discloses transferring
blades from onshore to a jack up vessel, assembling the two
upper blades by using holding and assembly frame,
assembling a third blade and 1lifting the nacelle together
with the complete rotor above the tower, and mounting the
nacelle atop the tower.

While the site of installation is in deeper water, the
installation Jjack-up vessel 1s replaced by DP-controlled
vessel.

Document EP 2,219,986 Bl discloses an installation
method comprising:

- carrying on the deck of the DP-controlled vessel a
tower with a single blade attached to it and lying on
the deck in a horizontal configuration, the nacelle,
and the rotor fitted to the nacelle and including the
hub and two blades in a bunny ear configuration;

- raising the tower together with the blade attached to
it in a vertical configuration;

- placing the tower and said blade on an offshore
substructure; and

- lifting the nacelle and the rotor above the tower and
coupling the nacelle atop the tower.

Document GB 2,423,108 discloses installing a wind
turbine by means of a vessel in an offshore substructure
provided with a foundation in the bottom of the body of
water and a socket for housing the wind turbine. The vessel
is configured to transfer the wind turbine in a reclined
position on the deck of the vessel and comprises an A-frame
operated by winches to erect the wind turbine above the
substructure and nest the wind turbine in the socket.

In general, the installation of wind turbines in an

offshore site has to face several problems deriving from
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the delicate structures of some components such as the
blades that are usually made of glass-fiber, and the shape
and the size of the wind turbines that are steadily
increasing through time.

The above problems are even more emphasized when the
installation site 1s in deep water and waves and wind
hamper the 1in situ assembly and any other maneuver
concerning the installation of a wind turbine.

Assembling high-power wind turbine in deep water has
to face the additional problem of keeping the tower in a
given upright position close the offshore substructure and
the transferring safely the wind turbine from this position
to the offshore substructure.

DISCLOSURE OF THE INVENTION

One object of the present invention 1is to provide a
multi-functional clamp for the installation of a wind
turbine on an offshore substructure 1in a safe and
straightforward manner even in deep water.

According to the present invention there is provided a
multi-functional clamp for the installation of a wind
turbine on an offshore substructure by means of a crane
vessel comprising a lifting crane, the mnulti-functional
clamp comprising:

- a main body configured to selectively clamp and
unclamp the tower of a wind turbine and is shaped so as to
couple with the crane vessel so as to define a given
position for the tower with respect to the crane vessel;
and

- a plurality of hooking members extending from the
main body and configured to secure and release the free
ends of a rigging assembly of the lifting crane to the main
body so as to lift the multi-functional clamp by means of

the 1lifting crane.
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In this way, the mnulti-functional clamp has the
functions of keeping the tower in upright position with
respect to the crane vessel, allowing a safe assembly of
the wind turbine, 1lifting and lowering the wind turbine for
installation of the wind turbine on the offshore
substructure.

In particular, the multi-functional clamp comprises a
plurality of jaws, which extend inwardly from the main body
and are configured to selectively clamp and unclamp the
tower, and a plurality of first actuators for controlling
the jaws.

In this way, the clamping and unclamping of the multi-
functional clamp is performed by means of actuators that
can be remotely controlled.

In particular, each hooking member comprises two
flanges having respective aligned holes and a pin
configured to insert in both holes, and a second actuator
mounted on one of said flanges.

In this way the connection, with rigging assembly can
be controlled from a remote position.

In particular, the main body is annular and 1is
openable in an open configuration and closable in a close
configuration, preferably by means of third actuators.

In this way, the tower can be easily inserted inside
the clamp.

In particular, the main body comprises a first, a
second and third sector, the second and third sector
comprising respective first ends hinged to the opposite
ends of the first sector, and respective second ends, which
are mutually and selectively lockable to each other.

In this way, the clamp can safely retain the high load
of the wind turbine.

In particular, the first sector comprises there
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parallel holes to couple with the crane vessel so as to
define a given position for multifunctional clamp with
respect to the crane vessel.

In this way, while the first sector define a given
position for the multi-functional clamp, the second and the
third sector can open and close.

Another object of the present invention 1is to
configure a system for the installation of a wind turbine
on an offshore substructure in a safe and straightforward
manner even in deep water.

According to the present invention, there is provided
a system for installation of a wind turbine on an offshore
substructure, wherein the wind turbine comprises a tower; a
subassembly comprising a nacelle and a hub; and a number of
blades; the system comprising:

- a crane vessel comprising a main deck and at least
one lifting crane;

- a multi-functional clamp as disclosed in the present
invention; and

- a deck extension module, which is mounted to said
crane vessel and is configured to couple with the multi-
functional clamp and support a tower.

In this way, the deck extension module can be arranged
in a favorable position for the operations of the lifting
crane and for transferring the wind turbine from the crane
vessel to the offshore substructure and the main deck of
the crane vessel 1is free for storing the wind turbine
components.

In particular, the deck extension module comprises a
lower deck including a pit for constraining and supporting
the bottom end of the tower.

In this way, the 1lifting crane can lower the tower

into the pit and 1lift the wind turbine off the pit
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In particular, the deck extension module comprises an
upper deck configured to shape couple with the multi-
functional c¢lamp 1in order to hold the multi-functional
clamp aligned with the pit.

In this way, the position the multi-functional clamp
is defined along the upper deck and the tower 1is
constrained by the pit and by the multi-functional clamp in
mutual alignment.

In other words, the upper deck and the multi-
functional clamp comprises a plurality of recesses and
protrusions for mutual coupling to define a position of the
multi-functional clamp on the upper deck along a given
axis.

In this way, the position of the tower is well defined
with respect to the lifting crane.

In particular, the system comprises a stability frame
configured to selectively clamp and unclamp the upper
portion of the tower.

The stability frame is necessary when the wind turbine
is lifted off the pit by the multi-functional clamp clamped
to the lower part of the tower and below the center of
gravity of the wind turbine.

During the assembly of the wind fturbine is a rest
position and the deck extension module comprises a top
structure configured to support the stability frame in the
rest position.

In particular, the lifting crane comprises a rigging
assembly comprising hoisting lines to be secured to the
multi-functional clamp and coupled to the stability frame
for lifting the wind turbine.

In this way, the wind turbine is not directly
connected to the rigging assembly of the lifting crane and

can be released, when installed on the offshore
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substructure by unclamping and opening the multi-functional
clamp.

Another object of the present invention is to provide
a method for the installation of a wind turbine on an
offshore substructure in a safe and straightforward manner
even in deep water.

According to the present invention, there is provided
a method for installation of a wind turbine on an offshore
substructure, the method comprising:

- clamping a tower of a wind turbine 1in upright
position by means of a multi-functional clamp as disclosed
in the present invention;

- assembling the wind turbine by means of a lifting
crane of the crane vessel, while the multi-functional clamp
retains the tower in upright position;

- 1lifting the wind fturbine by anchoring a rigging
assembly of the 1lifting c¢rane to the multi-functional
clamp; and

- lowering the wind turbine on the offshore
substructure.

The method of the present invention puts in evidence
the function of the multi-functional clamp of retaining the
tower in a given position with respect to the crane vessel
during the assembly of the wind turbine and the function of
transferring the wind turbine from the crane vessel to the
offshore substructure.

In particular, the method comprises constraining parts
of the rigging assembly into guides of a stability frame
clamped to the upper part of the tower.

In this way, even though the multi-functional clamp is
clamped to the lower part of the tower and below the center
of gravity of the wind turbine, when the crane 1lift the

wind turbine by means of rigging assembly secured to the
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multi-functional clamp, the load 1s stable and under
control.

In particular, constraining parts of the rigging
assembly into guides of a stability frame clamped to the
upper part of the tower comprises:

- controlling a first rigging of the rigging assembly
by a first 1lifting crane of the crane vessel so0 as to
insert parts of the first rigging into the guides of the
stability frame from a first side of the stability frame;
and

- controlling a second rigging by means of a second
lifting crane of the crane vessel so as to insert parts of
the second rigging into the guides of the stability frame
from a second side of the stability frame.

In this way, the insertion of the rigging assembly
into the guides is simpler.

In particular, the method comprises arranging a tower
of a wind turbine on a deck extension module mounted to the
crane vessel.

In this way, the main deck of the crane vessel is free
for storing wind turbine’s components.

In particular, the method comprises:

- arranging the tower in a pit on a lower deck of the
deck extension module by means of the lifting crane of the
crane vessel; and

- clamping the tower by means of the multi-functional
clamp retained in alignment with the pit on an upper deck
of the deck extension module.

In this way, a passive and positive constrains are
applied to the tower at different position along the tower.

In particular, the method comprises selectively
coupling the multi-functional clamp to the upper deck by

means of cooperating means defining a given position for
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the multi-functional clamp along the upper deck.

In this way, the multi-functional clamp has a given
position along the deck and 1s stabilized by 1its own
welght.

In particular, the method comprises supplying power to
the multi-functional clamp, and exchanging signal between
the crane vessel and the multi-functional clamp by means of
an umbilical connected to the multi-functional clamp and
the crane vessel.

In this way, 1t 1is possible controlling the multi-
functional clamp from a remote position.

In particular, the method comprises controlling the
position of the multi-functional clamp, when suspended to
the lifting crane, by means of tugger lines controlled from
the crane vessel.

Tugger lines are controlled by winches located on the
crane vessel, and limit possible swinging of the load.

In particular, the method comprises controlling the
position of one blade suspended to the 1lifting crane by
means of further tugger lines and a blade stability frame
mounted on the lifting crane.

The blade stability frame allows an improved control
of the position of the blade by guiding the tugger lines in
close proximity of the blade.

In particular, the method comprises selectively
extending the blade stability frame in operative
configuration and retracting the blade stability frame in a
rest configuration.

In this way, the blade stability frame can be
retracted in the rest configuration, when the crane 1is
involved in operations other than mounting the blades.

In particular, assembling the wind turbine by means of

a 1lifting crane of the crane vessel, while the multi-
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functional c¢lamp retains the tower in wupright position
further comprises:

- lifting one subassembly comprising a nacelle and hub
on top of the tower for the mounting of the subassembly
atop the tower;

- lifting one blade in horizontal position to the hub
for the mounting of the blade to the hub;

- repeating the previous step for mounting all the
blades of the wind turbine to the hub.

In this way, the transport of the components 1is
optimized.

In particular, the method comprises storing a
plurality of towers, a plurality of subassemblies, and a
plurality of blades on a main deck of the crane vessel.

Therefore, the assembly operation of the crane vessel
are not discontinued for long periods.

In particular, the method comprises transporting the
plurality of towers, the plurality of subassemblies, and
the plurality of blades from an onshore construction site
to the crane vessel by means of a transfer vessel; and

- transferring the plurality of towers, the plurality
of subassemblies, and the plurality of blades from the
transfer vessel to the main deck by means of one lifting
crane of the crane vessel.

In this way, the crane vessel can stay in deep water
and the supply of the wind turbines can be performed by
means of at least one carried vessel.

BRIEF DESCRIPTION OF THE DRAWINGS

A non-limiting embodiment of the present invention
will be described by way of example with reference to the
accompanying drawings, in which:

- Figure 1 1is a perspective view, with parts removed

for clarity, of a system for the installation of wind
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turbines on offshore substructures in accordance to the
present invention;

- Figures 2 and 3 are perspective view, with parts
removed for clarity, of details of the system according to
the present invention;

- Figure 4 is a perspective view from above, with
parts removed for clarity, of a multi-functional clamp
according to the present invention;

- Figure 5 1is a perspective view from below, with
parts removed for clarity, of the multi-functional clamp of
Figure b5;

- Figure 6 1is a perspective view, with parts removed
for clarity, of a detail of the system according to the
present invention;

- Figure 7 1s a perspective view, with parts removed
for clarity and in enlarged view, of a detail of Figure 6;

- Figure 8 1s a perspective view, with parts removed
for clarity, of a detail of the system of Figure 1 before
lowering a wind turbine on an offshore substructure;

- Figure 9 is a perspective view, with part removed
for clarity, of a further detail of the system of Figure 1;
and

- Figure 10 is plan view, with part removed for
clarity, of a detail of Figure 9.

BEST MODE OF CARRYING OUT THE INVENTION

Number 1 in Figure 1 indicates a system for installing
wind turbines 2 on offshore substructures 3.
According to the present invention, the installation
of wind turbines 2 includes:
- Transferring components of wind turbines 2 from an
onshore construction site 4 to an offshore site;
- Assembling the wind turbines 2 by means of a crane

vessel 5; and
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- Installing the wind turbines 2 on respective offshore

substructures 3 by means of the crane vessel 5.
The system 1 comprises:

- the c¢rane vessel 5, which, in the accompanying
Figures, 1s a “dual crane vessel” provided with two
lifting cranes 6 operating side by side for example as
the dual crane vessel “SAIPEM 70007;

- a multi-functional clamp 7 for dgripping the wind
turbines 2;

- a stability frame 8 for assisting the crane vessel 5
to safely transferring the wind turbines 2;

- a blade stability frame 9 for assisting the assembly
of the wind turbines 2;

- a deck extension module 10 for assembling the wind
turbines 2; and

- a rigging assembly 11 (Figure 6) operated by the crane
vessel 5 and configured to <cooperate with the
stability frame 8 and the multi-functional clamp 7 to
1lift the wind turbine 2.

The wind turbine 2 comprises a tower 12 extending
along a longitudinal axis Al; a nacelle 13 rotatably
mounted atop the tower 12; and a rotor 14 rotatably mounted
to the nacelle 13. The rotor 14 further comprising a hub 15
and blades 16 radially extending from the hub 15.

According to the present invention, the onshore
construction site 4 delivers towers 12, Dblades 16 and
subassemblies 17 including, each, one nacelle 13 and one
hub 15.

A number of towers 12, blades 16 and subassemblies 17
is supplied to the crane vessel 5 by a carrier vessel 18.

The crane vessel 5 comprises a main deck 19 for

temporarily storing a number of towers 12, blades 16 and

subassemblies 17, which are transferred from the transfer
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vessel 18 on the main deck 19 by means of one 1lifting crane
6.

Blades 16 are located in a blade rack 20 for safe
support and transport.

Fach wind turbine 2 is assembled on the crane vessel 5
and, in particular, on the deck extension module 10, which
is mounted on the crane vessel 5.

With reference to Figures 2 and 3, the deck extension
module 10 comprises a lower deck 21 defining a passive
constraint for a tower 12 (Figure 3) 1in an upright
position; and an upper deck 22 for hosting the multi-
functional clamp 7, which defines an active constraint for
the same tower 12 (Figure 3).

The deck extension module 10 comprises a top structure
23 elevated from the upper deck 22 for supporting the
stability frame 8 (Figure 3).

The lower deck 21 comprises a pit 24, which is sized
to constrain the bottom end of the tower 12 (Figure 3).

The upper deck 22 is U-shaped and comprises
protrusions 25 (Figure 2) for cooperation with the multi-
functional clamp 7 (Figure 3) so as to locate the multi-
functional clamp 7 in a given position.

The deck extension module 10 comprises a lattice
structure 26 for supporting the lower deck 21, the upper
deck 22 and the top structure 23 for releasable connection
with the crane vessel 5.

In the example shown, the upper deck 22 is the same
level the main deck 19.

With reference to Figures 4 and 5, the multi-
functional clamp 7 comprises a main body 27, which is
configured to be arranged about the lower part of the tower
12 and is shaped so as to shape-couple with protrusions 25

(Figure 2) of the deck extension module 10 and so as to
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constrain the multi-functional clamp 7 along the upper deck
22.

In particular, the protrusion 25 (Figure 2) are
cylindrical and the main body 27 is provided with recesses,
in particular holes 28 (Figure 5), more 1in particular blind
holes, for housing the protrusions 25 so as to constrain
the movement of the multi-functional clamp 7 transversely
to the upper deck 22 and allowing free movement
perpendicularly to the upper deck 22.

The multi-functional clamp 7 comprises a plurality of
Jaws 29, which extend inwardly from the main body 27 and
are moveable Dbetween extended positions and retracted
positions for respectively clamping and releasing the tower
12; and actuators 30 for controlling jaws 28.

With reference to the Figure 4, the multi-functional
clamp 7 comprises a plurality of hooking members 31
extending from the main body 27 and configured to secure
the ends of the rigging assembly 11 of a crane 6 to the
multi-functional clamp 7 (Figure 6). Each hooking member 31
comprises two flanges 32 having respective aligned holes;
and a pin configured to 1insert in both holes, and
controlled by an actuator 33 mounted on one of said flanges
28.

The main body 27 1s annular, openable 1in an open
configuration (Figure 4), and closable 1in a close
configuration (figure 5).

The main body 27 comprises three sector 34, 35, and
36, wherein sectors 35 and 36 are hinged to sector 34 on
the opposite sides of the latter and are connectable to
each other in a close position.

The multi-functional clamp 7 comprises actuators 37
for controlling the position of sectors 35 and 36 with

respect to sector 34, and actuators 38 to lock sectors 33
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and 34 in the closed position by latching them one another.

With reference to Figure 6, the rigging assembly 11
comprises two riggings 39 each one operated by a respective
lifting crane 6 (Figure 1). Each rigging 39 comprises one
upper block 40 for connection to lifting crane 6 (Figure
1); a double sling 41; a further block 42; two slings 43
for connections of block 42 to a spreader bar 44; and two
hoisting lines 45.

Fach hoisting line 45 is suspended to the spreader bar
44 and has eyelets 46 at its distal ends to be anchored to
respective hooking member 31 of the multi-functional clamp
7.

Fach hoisting line 45 comprises an elongated flexible
rope and an intermediate rigid section 47, which is a bar
or a tube, 1is connected to rope, and is configured to
cooperate, in use, with the stability frame 8. Namely, the
rigid sections 47 are inserted into the stability frame 8,
when in use, by rotation of 1lifting cranes 6 (Figure 1)
according to arrows F.

With reference to Figure 7, the stability frame 8
comprises a U-shaped main body 48 configured to be mounted,
in use, about the tower 12; a clamp assembly 49 mounted on
the main body 48 for selectively anchoring and releasing
the main body 48 about the tower 12 of the wind turbine 2.

The stability frame 8 comprises a plurality of guides
50, which extend outwardly from the main body 48 and are
configured to guide and housing parts of the riggings 39,
in particular, the rigid sections 47 of the riggings 39
(Figure 6).

Fach guide 50 comprises two bars 51 provided with
flared free ends 1in order to facilitate the insertion of
the riggings 39 (Figure 2) into the guides 50. In the

example shown, the stability frame 8 comprises four guides
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50 arranged two by two along opposite sides of the main
body 48.

The clamp assembly 49 comprises two idle Jaws 52,
which are mounted to the main body 48 and extends inwardly
from the main body 48, and two actuated jaws 53, which are
configured to be actuated between retracted positions and
inwardly projecting positions towards the idle jaws 52 by
actuators 54.

According to an alternative embodiment, one idle jaw
is sufficient to anchor the stability frame 8 to the tower
12.

In the embodiments shown, the stability frame 8
comprises two actuators 54 for each actuated jaw 53.

These actuators 54 of each actuated Jjaw 53 are
operated in parallel and are designed to operate singly in
case of failure of one of said two actuators 54.

Fach actuated jaw 53 1is articulated to an A-shaped
frame 55, which, 1in turn, 1is articulated to the main body
48 and each actuators 54 1is articulated to the A-shaped
frame 55 and the main body 48.

The stability frame 8 is provided with supporting legs
56 and is displaced by means of the 1lifting cranes 6 and,
for this purpose, 1s provided with two hooking members 57
mounted on the main body 48 for connection of the stability
frame 8 to the lifting cranes 6 (Figure 1).

The stability frame 8 comprises two attachments 58 for
tugger lines 59 operated from winches, not shown, of the
dual crane vessel 5 (Figure 8).

The actuators 30, 33, 37 and 38 of the multi-
functional clamp 7 (Figure 4) and the actuators 54 of the
stability frame 8 (Figure 7) are hydraulic cylinders.

In use, the multi-functional clamp 7 and the stability

frame 8 can be displaced by the 1lifting cranes 6 (Figure 8)



10

15

20

25

30

WO 2020/148719 PCT/1IB2020/050378
18

and the system 1 is configured to control the actuators 30,
33, 37 and 38 of the multi-functional clamp 7 (Figure 4)
and the actuators 54 of the stability frame 8 (Figure 7)
in any position they can assume during use.

With reference to Figure 8, the system 1 is configured
to control the multi-functional clamp 7 and the stability
frame 8 from a remote position and for this purpose
comprises a hydraulic circuit and a control system that,
partly, extend along the stability frame 8, partly, along
the multi-functional c¢lamp 7 and, partly, on the crane
vessel 5. In particular, the hydraulic circuit comprises a
first portion 1located in the crane vessel b5; a second
portion mounted on the multi-functional clamp 7, and a
portion mounted on the stability frame 8; and umbilicals 60
for selectively connecting the first portion to the second
portion and the fist portion to the third portion.

With reference to Figure 8, the system 1 comprises
further winches, not shown, on the crane vessel 5 for
operating tugger lines 61 configured to be connected to the
multi-functional clamp 7.

With reference to Figure 9, the blade stability frame
9 is an extendable articulated frame, which is configured
to be installed on a crane boom 62 for guiding the rigging
assembly 11 when 1lifting a blade 16 and for supporting
sheaves 63 for tugger lines 64 for controlling the position
of the blade 16 during installation of the same and
controlled by winches, not shown, on the crane vessel 5.

In Figure 10, the blade stability frame 9 is shown in
a partially contracted configuration. The blade stability
frame 9 comprises hinged beams 65, i.e. steel box sections
connected by hinges, and a mechanism used to extend and
retract the blade stability frame 9 comprising electric

motors, not shown, for driving rack and pinion systems
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along a track on the box sections.

The blade stability frame 9 is mounted onto the crane
boom 62 via clamps or padeyes, not shown, on the boom 62,
by using the first lifting crane 6 at the boom rest and the
second 1lifting <c¢rane 6 working, facilitating a rapid
installation in to the lifting crane 6, removal for rapid
reconfiguration of the lifting vessel 5.

In use and with reference to Figure 1, the carrier
vessel 18 transports a number of towers 12, subassemblies
17 and blades 16 from the onshore construction site 4 to
the crane vessel 5 that is located in or in proximity of
the offshore substructures 3.

The towers 12, subassemblies 17 and blades 16 are
transferred from the carrier vessel 18 to the main deck 19
of the crane vessel 5 by means of a lifting crane 6 and one
tower 12 1is located on the deck extension module 10 by
means of a lifting crane 6. The bottom end of the tower 12
rest in the pit 24 of the lower deck 21 and is clamped by
the multi-functional clamp 7 which 1is supported by the
upper deck 22 in axial alignment with the pit 24.

The lifting crane 6 release the tower 12 and 1lifts the
subassembly 17 from the main deck 19 above the top end of
the tower 12, and lowers the subassembly 17 atop the tower
12 for connection of the same.

The lifting crane 6 1lifts one blade 16 from the main
deck 19 to a blade connection flange of the hub 15.

The position of the blade 16 is controlled by the
lifting crane 6 in combination with tugger lines 64 guided
by the sheaves 63 mounted on the blade stability frame 9.

Once all the blades 16 are assembled to the hub 15,
the wind turbine 2 is completed and can be installed on the
offshore substructure 3.

The 1lifting crane 6 1lifts the stability frame 8, which
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is brought about the tower 12 and is clamped to the tower
12 in proximity of the top of the same.

With reference to Figure 6, the 1lifting crane 6
equipped with the rigging assembly 11 brings the hoisting
lines 45 into the guides 50 of the stability frame 8 and
the eyelet 46 at the hooking members 31 of the multi-
functional clamp 7.

The hooking members 31 secured the eyelets 46 to the
multi-functional clamp 7.

The 1lifting crane 6 1lifts the wind turbine 2 and
transfers i1t to the offshore substructure 3. Once the wind
turbines 1s assembled to the offshore substructure 3,
actuators 38 unlock the multi-functional clamp 7, and
actuators 37 open the multi-functional clamp 7.

Lifting crane 6 frees the hoisting lines 45 from the
guides 50 of the stability frame 8 and brings the multi-
functional clamp 7 on the upper deck 22 in the given
position and in the open configuration for receiving one
more tower 12.

The 1lifting cranes 6 are secured to the stability
frame 8, which is, then, unclamped from the tower 12 of the
installed wind turbine 2 and 1is brought on the top
structure 23 of the deck extension module 10.

It 1is <clear that the present 1invention includes
variations that are not specifically described and fall

within the scope of the protection of the following claims.
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CLAIMS

1. A multi-functional clamp for the installation of a
wind turbine on an offshore substructure by means of a
crane vessel comprising a lifting c¢rane, the multi-
functional clamp (7) comprising:

- a main body (27) configured to selectively clamp and
unclamp a tower (12) of a wind turbine (2) and is shaped so
as to couple with the crane vessel (5) so as to define a
given position for the tower (12) with respect to the crane
vessel (5); and

- a plurality of hooking members (31) extending from
the main body (27) and configured to secure and release the
free ends of a rigging assembly (11) of the 1lifting crane
(6) to the main body (27) so as to 1lift the multi-
functional clamp (7) by means of the 1lifting crane (6).

2. The multi-functional clamp as claimed in Claim 1,
and comprising a plurality of Jjaws (29), which extend
inwardly from the main body (27) and are configured to
selectively clamp and unclamp the tower (12), and a
plurality of first actuators (30) for controlling the jaws
(29).

3. The multi-functional clamp as claimed in Claim 1 or
2, wherein each hooking member (31) comprises two flanges
(32) having respective aligned holes and a pin configured
to insert in both holes, and a second actuator (33) mounted
on one of said flanges.

4. The multi-functional clamp as claimed in any one of
the foregoing Claims, wherein the main body (27) is annular
and 1s openable in an open configuration and closable in a
close configuration, preferably by means of third actuators
(37).

5. The multi-functional clamp as claimed in any one of

the foregoing Claims, wherein the main body (27) comprises
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a first, a second and third sector (34, 35, 36), the second
and third sector (35, 36) comprising respective first ends
hinged to the opposite ends of the first sector (34), and
respective second ends, which are mutually and selectively
lockable to each other.

6. The multi-functional clamp as claimed in Claim 5,
wherein the first sector (34) comprises there parallel
holes (28) to couple with the crane vessel (b5) so as to
define a given position for multifunctional clamp (7) with
respect to the crane vessel (5).

7. A system for installation of a wind turbine on an
offshore substructure, wherein the wind turbine (2)
comprises a tower (12); a subassembly (17) comprising a
nacelle (13) and a hub (15); and a number of blades (16);
the system (1) comprising:

- a crane vessel (5) comprising a main deck (19) and
at least one lifting crane (6);

- a multi-functional clamp (7) as claimed in any one
of the foregoing Claims; and

- a deck extension module (10), which is mounted to
sald crane vessel (5) and is configured to couple with the
multi-functional clamp (7) and support a tower (12).

8. The system as claimed in Claim 7, wherein the deck
extension module (10) comprises a lower deck (21) including
a pit (24) for constraining and supporting the bottom end
of the tower (12).

9. The system as claimed in Claim 8, wherein the deck
extension module (10) comprises an upper deck (22)
configured to shape couple with the multi-functional clamp
(7) in order to hold the multi-functional clamp (7) aligned
with the pit (24).

10. The system as claimed in Claim 8 or 9, wherein the

upper deck (22) and the multi-functional clamp (7)
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comprises a plurality of recesses and protrusions (25) for
mutual coupling to define a position of the multi-
functional clamp (7) on the upper deck (22) along a given
axis.

11. The system as claimed in any one of the Claims
from 7 to 10, and comprising a stability frame (8)
configured to selectively clamp and unclamp the upper
portion of the tower (12).

12. The system as claimed in claim 11, wherein the
deck extension module (10) comprises a top structure (23)
configured to support the stability frame (8) 1in a rest
position.

13. The system as claimed in claim 11 or 12, wherein
sald lifting crane (6) comprises a rigging assembly (11)
comprising hoisting lines (45) to be secured to the multi-
functional clamp (7) and coupled to the stability frame (8)
for lifting the wind turbine (2).

14. A method for installation of a wind turbine on an
offshore substructure, the method comprising:

- clamping a tower (12) of a wind turbine (2) in
upright position by means of a multi-functional clamp (7)
as claimed in any one of the claims from 1 to 5;

- assembling the wind turbine (2) by means of a
lifting crane (6) of the crane vessel (5), while the multi-
functional clamp (7) retains the tower (2) 1in upright
position;

- lifting the wind turbine (2) by anchoring a rigging
assembly (11) of the 1lifting c¢rane (6) to the multi-
functional clamp (7); and

- lowering the wind turbine (2) on the offshore
substructure (3).

15. The method as claimed in Claim 14, further

comprising constraining parts of the rigging assembly (11)
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into guides (50) of a stability frame (8) clamped to the
upper part of the tower (12).

lc. The method as claimed in Claim 15, wherein the
step of constraining parts of the rigging assembly (11)
into guides (50) of a stability frame (8) clamped to the
upper part of the tower (12) comprises:

- controlling a first rigging (39) of the rigging
assembly (11) by a first lifting crane (6) of the crane
vessel (5) so as to insert parts of the first rigging (39)
into the guides (50) of the stability frame (8) from a
first side of the stability frame (8); and

- controlling a second rigging (39) by means of a
second lifting crane (6) of the crane vessel (5) so as to
insert parts of the second rigging (11) into the guides
(50) of the stability frame (8) from a second side of the
stability frame (8).

17. The method as claimed in any one of the Claim from
14 to 16, comprising arranging a tower (12) of a wind
turbine (2) on a deck extension module (10) mounted to the
crane vessel (5).

18. The method as claimed in Claim 17, comprising:

- arranging the tower (12) in a pit (24) on a lower
deck (21) of the deck extension module (10) by means of the
lifting crane (6) of the crane vessel (5); and

- clamping the tower (12) by means of the multi-
functional clamp (7) retained in alignment with the pit
(24) on an upper deck (22) of the deck extension module
(10) .

19. The method as claimed in Claim 18, and comprising
selectively coupling the multi-functional clamp (7) to the
upper deck (22) by means of cooperating means defining a
given position for the multi-functional clamp (7) along the

upper deck (22).



10

15

20

25

30

WO 2020/148719 PCT/1IB2020/050378
25

20. The method as claimed in any one of the Claims
from 14 to 19, and comprising supplying power to the multi-
functional clamp (7), and exchanging signal between the
crane vessel (5) and the multi-functional clamp (7) by
means of an umbilical (60) connected to the multi-
functional clamp (7) and the crane vessel (5).

21. The method as claimed in any of the Claims from 14
to 20, and comprising controlling the position of the
multi-functional clamp (7), when suspended to the lifting
crane (6), by means of tugger lines (61) controlled from
the crane vessel (5).

22. The method as claimed in any one of the Claims
from 14 to 21, and comprising controlling the position of
one blade (16) suspended to the lifting crane (6) by means
of further tugger lines (64) and a blade stability frame
(9) mounted on the lifting crane (6).

23. The method as claimed in Claim 22, and comprising
selectively extending the blade stability frame (9) in
operative configuration and retracting the blade stability
frame (9) in a rest configuration.

24. The method as claimed in any one of the Claims
from 14 to 23, wherein assembling the wind turbine (2) by
means of a lifting crane (6) of the crane vessel (5), while
the multi-functional clamp (7) retains the tower (12) in
upright position further comprises:

- lifting one subassembly (17) comprising a nacelle
(13) and hub (15) on top of the tower (12) for the mounting
of the subassembly atop the tower (12);

- lifting one blade (16) in horizontal position to the
hub (15) for the mounting of the Dblade (16) to the hub
(15);

- repeating the previous step for mounting all the

blades (1l6) of the wind turbine (2) to the hub (15).
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25. The method as claimed in any one of the Claims
from Claim 14 to 24, and comprising storing a plurality of
towers (12), a plurality of subassemblies (17), and a
plurality of blades (16) on a main deck (19) of the crane
vessel (5).

26. The method as claimed in Claim 25, and comprising:

- transporting the plurality of towers (12), the
plurality of subassemblies (17), and the plurality of
blades (16) from an onshore construction site (4) to the
crane vessel (5) by means of a transfer vessel (18); and

- transferring the plurality of towers (12), the
plurality of subassemblies (17), and the plurality of
blades (16) from the transfer vessel (18) to the main deck
(19) by means of one lifting crane (6) of the crane vessel

(5).



WO 2020/148719

1/9

PCT/1IB2020/050378

FIG. 1




WO 2020/148719 PCT/1IB2020/050378

2/9
| \ \ \ \ \ a
1 \ N \ 1
| ‘ 1
\ \ \\ -
i { t \ \ I
= \ 1
11 \\ ‘
|
| L o3 A,
1 ot
i I o \
it . o
\ ]
o
[

FIG. 2




WO 2020/148719 PCT/1B2020/050378
3/9
i \ ? |
\ Y {
\ L \ N \ 1
L | \
E \ ;\ \
= \ 1 ‘
‘ ,\ [
l\ \;\ o
E . d
| { s
[ | "
A L ) 8
g -
3 \1 o
S b 4
B3
E"‘"’“"""’""”"’“""‘"ﬁ,,ﬁ;’::i“:,, ,,,,,,, a1 AT
e \\ ® N-ﬁ\
i
[%]
TN
]
i }
&
i
y
| 7
|

FIG. 3




PCT/1IB2020/050378

WO 2020/148719

4/9




PCT/1IB2020/050378

WO 2020/148719

5/9

g7

0e

£ \\_

0¢

R

g’ @

8¢

0¢ e
¥
"%
Ty
L2
=67 =

LRy

¥e 0g
w m 1414
\&.ﬂ\\\\.l N.N
R
T ——0E
e =]
T V
g
— \\\\
—— 87
,/,
£e




WO 2020/148719 PCT/1IB2020/050378
6/9

40 @/‘m
39
\

40 }/39
41
41 WS
3 7 41
\ 41| 13
16 \ S
16
J
15.
14— 42
43 11
Fo | /
44
Q
23 .
47 : EJ
47 N
A W\) 50
16—
e 45
2 )
45-_]
31 31
46 -
T \ / 46
31—1% \
e
3
- 48
| M\h‘ 17




WO 2020/148719 PCT/1IB2020/050378
7/9




WO 2020/148719 PCT/1IB2020/050378
8/9

Al
39 :
- \ o
S,
i e
16- 13
i
14\.....,39»

P




WO 2020/148719 PCT/1IB2020/050378
9/9

FIG. 10



INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2020/050378

A. CLASSIFICATION OF SUBJECT MATTER

INV. B66C1/10 FO3D13/25
ADD.

FO3D13/10

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

B66C FO3D

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A WO 2018/139918 Al (ITREC BV [NL]) 1,2,7,14
2 August 2018 (2018-08-02)
abstract; figures
page 9 - page 14
A EP 2 327 874 A2 (SANY ELECTRIC CO LTD 1,7,14
[CN]) 1 June 2011 (2011-06-01)
paragraphs [0001], [0002], [0024],
[0026], [0045], [0057]
A CN 101 468 774 A (CHINA NAT OFFSHORE OIL 1,7,14
CORP [CN]) 1 July 2009 (2009-07-01)
Description of drawings;
figures 1-7
A WO 2018/234337 Al (SAIPEM SPA [IT]) 1,14
27 December 2018 (2018-12-27)
abstract; figures
- / -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

8 May 2020

Date of mailing of the international search report

27/05/2020

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Verheul, Omiros

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2020/050378

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

WO 2010/147480 A1l (MASTER MARINE ASA [NO];
KNUDSEN JAN INGAR [NO])

23 December 2010 (2010-12-23)

abstract; figures 5,6

CN 105 460 796 A (ZHU RONGHUA)

6 April 2016 (2016-04-06)

Background art section;

figures

Technical field section

Description of drawings

US 2008/237173 Al (ALTMAN RICHARD A [US]
ET AL) 2 October 2008 (2008-10-02)

figure 10

EP 2 641 825 Al (MITSUBISHI HEAVY IND LTD
[JP]) 25 September 2013 (2013-09-25)
figures 1,3A,3B

1,14

1,7,14

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2020/050378
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2018139918 Al 02-08-2018  EP 3574149 Al 04-12-2019
WO 2018139918 Al 02-08-2018

EP 2327874 A2 01-06-2011 CN 102079476 A 01-06-2011
EP 2327874 A2 01-06-2011
JP 2011112045 A 09-06-2011
US 2011126748 Al 02-06-2011

CN 101468774 A 01-07-2009  NONE

WO 2018234337 Al 27-12-2018  EP 3642148 Al 29-04-2020
US 2020141389 Al 07-05-2020
WO 2018234337 Al 27-12-2018

WO 2010147480 Al 23-12-2010 NO 330452 Bl 18-04-2011
WO 2010147480 Al 23-12-2010

CN 105460796 A 06-04-2016  NONE

US 2008237173 Al 02-10-2008 US 2008237173 Al 02-10-2008
US 2011158784 Al 30-06-2011
WO 2008155664 A2 24-12-2008

EP 2641825 Al 25-09-2013 (N 103167983 A 19-06-2013
DK 2641825 T3 04-07-2016
EP 2641825 Al 25-09-2013
JP 5383631 B2 08-01-2014
JP 2012107586 A 07-06-2012
KR 20130052017 A 21-05-2013
WO 2012066789 Al 24-05-2012

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - wo-search-report
	Page 39 - wo-search-report
	Page 40 - wo-search-report

