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Fig. 1

devices and systems, more particularly, to the system for service tools positioning relative
to the offshore wind turbine blade and tower. An arrangement for lowering and raising
service tools used for offshore wind tutbine blade and tower maintenance, comprising: a
truss system, a rigging and a rigging pulling in and letting out means. The truss system,
comprising booms, pivotally attached to a supporting means,which are adapted to be leaned
against or releasably fixed to a wind turbine tower or wind turbine tower mooring elements;
wherein the rigging and a rigging pulling in and letting out means are operably connected
with the truss system, so to allow lowering and raising service tools used for offshore wind
turbine blade and tower maintenance.
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An arrangement for lowering and raising service tools used for wind turbine

blade and tower maintenance

Technical Field

The invention relates to offshore wind turbine blade and tower maintenance devices
and systems, more particularly, to the system for service tools positioning relative to

the offshore wind turbine blade and tower.

Background Art

Wind turbine generators installed offshore present many advantages compared to
wind turbine generators onshore. Some of these advantages are more steady wind

at lower altitudes and no visual disturbance for the general public.

In the course of use wind turbine blades require constant maintenance. Bird strikes,
lightning strikes, leading edge and surface erosion cause damage to wind turbine
blades. Offshore wind turbine generators also have challenges of harsh salty
environment. Damaged, faulty, dirty, or covered by ice wind turbine blades can

reduce overall productivity of the wind turbine.

Operation and maintenance activities typically represent about 25-30% of the total
lifecycle costs for offshore wind farms. Maintenance costs consist of direct costs of
operations as well as lost profits because of downtime. Blade maintenance tasks
include but are not limited to blade cleaning, inspection, lightning protection system

conductivity measurement, drainage hole cleaning, and leading-edge repair.

Traditionally, offshore wind turbine blade inspection and maintenance are made by
industrial climbers, who use rope and cradle access to get to the blade. However,
safer, less expensive and less time-consuming solutions for wind turbine blade
maintenance use robots or arrangements, which do not require presence of workers

at heights.
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Arrangements and systems for offshore and onshore wind turbine blade and tower
maintenance differ considerably. The same applies for systems for lowering and

raising service tools used for wind turbine blade and tower maintenance.

There is known a maintenance system for wind turbine tower located in the sea (US
9821984 B2), said maintenance system comprising: a maintenance capsule for
transporting freight and personnel to and from the wind turbine tower, the
maintenance capsule comprising: a seaworthy watertight, floatable container, a
crane assembly extendable from a wind turbine tower, the crane assembly
including: a boom for extending from the wind turbine tower over the sea; and a
movement structure extending along said boom; and a trolley movable along said
movement structure for moving the capsule to and from the wind turbine tower

apparatus.

There is known a method of erecting a high-elevation multiple-bay structural tower
and associated wind turbine equipment on a foundation (W02008088408). The
method comprising the steps of: securing a base bay assembly to the foundation;
attaching a ginpole to the base bay assembly; positioning an intermediate bay
assembly on top of the base bay assembly using the ginpole; positioning a top bay
assembly on top of the intermediate bay assembly using the ginpole; positioning an
apparatus for lifting a wind turbine proximate the top bay assembly using the
ginpole; and positioning a wind turbine on top of the top bay assembly using the

apparatus for lifting a wind turbine.

There is known an arrangement for wind turbine blade and tower maintenance and
a system for lowering and raising of the arrangement (PCT/IB2019/056393). The
arrangement comprising: a central rod, three balancing rods, a central hub, at least
one tool arm adapted to releasably fix one or more tools aimed for surface

maintenance; and a tool arm motor adapted to adjust the angle of the tool arm in
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respect of the central rod, wherein: the central rod and three balancing rods are
connected to the central hub; the tool arm is rotatably fixed to the central rod
and/or to the central hub via tool arm motor drive; the three balancing rods, as well
as central rod or the central hub are adapted to be connected to carrying and
balancing ropes or cables. PCT/IB2019/056393 also discloses the system for
onshore lowering and raising said arrangement, which however cannot be used

offshore.

Summary of the Invention

The claimed transportable arrangement is adapted for lowering and raising service
tools used for offshore wind turbine blade and tower maintenance, in particular for

lowering and raising the arrangement disclosed in PCT/IB2019/056393.

The claimed arrangement comprises a truss system, a rigging and a rigging pulling
in and letting out means. The truss system, comprising booms, pivotally attached to
a supporting means, which are adapted to be leaned against or releasably fixed to a
wind turbine tower or wind turbine tower mooring elements; wherein the rigging
and a rigging pulling in and letting out means are operably connected with the truss
system, so to allow lowering and raising service tools used for offshore wind turbine

blade and tower maintenance.

According to the preferred embodiment the elements of the rigging pulling in and
letting out means are located on a wind turbine generator nacelle, a wind turbine
generator platform and on a truss system. For a better understanding it should be
noted that a wind turbine generator platform is mounted above the wind turbine
generator mooring structure and below the level of a wind turbine generator blade

tip, directed vertically towards a sea bottom. The wind turbine tower mooring
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elements can be one or more wharf posts, docking bumpers, fenders, fender tubes,

and other equivalent structures.

The truss system, comprises two or three booms, the booms having two ends: a
forward end and a rear end, wherein the forward ends of the booms are pivotally
attached to a supporting means, which are adapted to be leaned against or
releasably fixed to a wind turbine tower or wind turbine tower mooring elements.
According to the preferred embodiment each boom comprises three truss segments:
distal, middle and proximal. The opposite ends of the middle truss segment are
hinged to the end of the proximal truss segment and to the end of the distal truss

segment accordingly, so to allow the truss segments to be folded and unfolded.

The rigging comprising a carrying rope, the service tool lowering and raising
arrangement’s three positioning ropes and booms’ hanging ropes. For the purpose
of present disclosure, the term rope should be understood in its broad meaning,

including cord, cable, tow, belt, sling and their equivalents.

The rigging pulling in and letting out means comprising: three positioning rope’s
winches, two of which are mounted at the rear ends of the booms and one
positioning rope’s winch, adapted to be releasably fixed to a wind turbine generator
platform; hanging ropes’ winches, mounted on, or adapted to be releasably fixed to a
wind turbine generator platform; and a carrying rope’s winch, mounted on, or
adapted to be releasably fixed to a wind turbine generator nacelle. According to the
invention the term “at the end(s) of the booms” should be understood as being
mounted at any place from the very rear end of the boom to one tenth of the length
of the boom from the rear end of the boom. According to another embodiment,
instead of being fixed to the wind turbine generator platform, the hanging ropes’

winches may be mounted on the forward and the rear ends of the booms.
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End one of the carrying rope is adapted to be operably connected to the carrying
rope’s winch; end two of the carrying rope is adapted to be connected to the service
tools used for wind turbine blade and tower maintenance; ends one of the
positioning ropes are adapted to be connected to the side or lower part of the
service tools; ends two of the two positioning ropes are adapted to be operably
connected to respective positioning rope’s winch and; ends one of the booms’
hanging ropes are adapted to be releasably connected to the carrying rope and
operably connected to the hanging ropes’ winches, ends two of the booms’ hanging
ropes are adapted to be connected to the forward ends and the rear ends of the

booms.

As carrying rope’s winch can be used a transportable winch brought to a wind
turbine generator, or a winch pre-installed on a wind turbine generator nacelle. The
same applies to the hanging ropes’ winch, which can be either a winch pre-installed
on a wind turbine generator platform, or a portable winch brought to a wind turbine

generator platform.

Brief Description of Drawings

Fig. 1 shows general view of the proposed arrangement for lowering and raising
service tools used for wind turbine blade and tower maintenance;

Fig. 2 - a general view of the booms supporting means according to one
embodiment, which are leaned against a wind turbine tower;

Fig. 3 - a schematic view of the arrangement in preparation for operation according
to one embodiment, where the supporting means of the folded truss system are
leaned against or releasably fixed to wind turbine tower mooring elements;

Fig. 4 - a schematic view of the arrangement in preparation for operation according
to one embodiment, where the middle and distal truss segments are being partially
unfolded;

Fig. 5 - a schematic view of the arrangement in preparation for operation according

to one embodiment, where the truss system is being unfolded and held in
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substantially vertical position, while keeping truss system supporting means fixed
to the wind turbine tower mooring elements;

Fig. 6 - a schematic view of the arrangement in preparation for operation according
to one embodiment, where the truss system is being unfolded and held in
substantially horizontal position;

Fig. 7 - a schematic view of the arrangement in preparation for operation according
to one embodiment, where booms in substantially horizontal position are being
moved in horizontal plane into working position;

Fig. 8- a schematic view of the arrangement in operation with truss system, rigging
and a rigging pulling in and letting out means in place and the service tools raised

for serving the wind turbine generator blade;

Detailed Description of the Invention

The arrangement for lowering and raising service tools used for offshore wind
turbine blade and tower maintenance, comprising: a truss system 10, a rigging 20
and a rigging pulling in and letting out means 30 (Fig. 1). The truss system 10,
comprising two or three booms 11, the booms having two ends: a forward end and a
rear end. The forward ends of the booms 11 are pivotally attached to a supporting
means 12, which are adapted to be leaned against or releasably fixed to a wind

turbine tower or wind turbine tower mooring elements.

According to one embodiment, the supporting means 12 is a support plate or frame
adapted to be leaned against a wind turbine tower or wind turbine tower mooring
elements. The supporting means 12 may be provided with one or more
electromagnets adapted to releasably fix the booms to a wind turbine tower or wind
turbine tower mooring elements (Fig. 2). According to yet another embodiment the
supporting means 12 may be a gripper adapted to be releasably fixed to a wind
turbine tower or a wind turbine tower mooring element or elements. According to

yet another embodiment the supporting means 12 is further provided with two
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hinges 13 to which the forward ends of the booms 11 are attached, wherein the
hinges 13 are designed to provide two degrees of freedom for the booms 11: roll
and pitch (Fig. 2). According to yet another embodiment the supporting means 12
further comprises roller supports 14 adapted to be leaned against a wind turbine
tower or wind turbine tower mooring elements and designed to allow movement of
the supporting means 12 in horizontal plane, along the surface of the wind turbine
tower, while the supporting means 12 is not releasably fixed to the wind turbine

tower or wind turbine tower mooring elements (Fig. 2).

The rigging 20 comprising a carrying rope 21, the service tool lowering and raising

arrangement’s three positioning ropes 22 and booms’ hanging ropes 23.

The rigging pulling in and letting out means 30 comprising: the positioning rope’s
winches 31, two of which are mounted at the rear ends of the booms 11 and one
positioning rope’s winch 32, adapted to be releasably fixed to a wind turbine
generator platform (in the embodiment with three booms 11 the all three winches
are mounted on the booms 11); a hanging ropes’ winches 33, mounted on, or
adapted to be releasably fixed to a wind turbine generator platform; and a carrying
rope’s winch 34, mounted on, or adapted to be releasably fixed to a wind turbine
generator nacelle; wherein end one of the carrying rope 21 is adapted to be
operably connected to the carrying rope’s winch 34; end two of the carrying rope 21
is adapted to be connected to the service tools used for wind turbine blade and
tower maintenance; ends one of the positioning ropes 22 are adapted to be
connected to the side or lower part of the service tools; ends two of the two
positioning ropes 22 are adapted to be operably connected to respective positioning

rope’s winch 31 and 32.

Ends one of the booms’ hanging ropes 23 are adapted to be operably connected to
the hanging ropes’ winches 33, ends two of the booms’ hanging ropes 23 are

adapted to be connected to the forward ends and the rear ends of the booms 11.



10

15

20

25

WO 2021/198734 PCT/1IB2020/053139

According to yet another embodiment each boom 11 comprises three truss
segments: distal, middle and proximal, wherein the opposite ends of the middle
truss segment are hingedly connected to the end of the proximal truss segment and
to the end of the distal truss segment accordingly, so to allow the truss segments to
be folded and unfolded. The hinges between the truss segments are designed to
allow releasably blocking hinge pivotal operation as a hinge, thus ensuring fixing

truss segments at least in unfolded position.

The rigging 20 may further comprise a booms’ fixing rope 24 and a boom fixing
rope’s winch 35 mounted on the proximal part of one boom 11, or two boom fixing
rope’s winches 35 - one on the proximal part of each boom 11. The booms’ fixing
rope 24 is adapted to be fixed to the booms 11 and to the wind turbine tower or its

elements, thus preventing booms’ 11 substantial movement in horizontal plane.

The positioning rope’s winches 31, mounted on the booms 11 may be located
substantially at the center of the booms 11, where the rigging pulling in and letting
out means 30 further may comprise a rolling means 36 (such as a pulley, a block or a
roller), located at the rear ends of the booms 11, wherein the ends two of the two
respective positioning ropes 22 are adapted to be operably connected to respective

positioning rope’s winch 31 through the rolling means 36.

The hanging ropes’ winches 33 may be mounted on the forward and the rear ends of

the booms 11.

According to the preferred embodiment the truss system 10 is adapted to be
conveniently placed on a waterborne vessel, is adapted to be attached to the docking
structure of a wind turbine tower and is adapted to be expandable with about 120

degrees between the booms 11.
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The arrangement according to one embodiment operates as follows. A waterborne
vessel is used to deliver the truss system 10, optionally with already integrated
rigging 20 and a rigging pulling in and letting out means 30, to offshore wind turbine
generator. The arrangement setup process is divided into several steps. A
waterborne vessel approaches wind turbine tower and aims for the wind turbine
tower mooring elements. The vessel centers on the turbine tower or wind turbine
tower mooring elements and maintains pushing pressure (Fig. 3). Cargo and the
service tools are lifted from the vessel to the wind turbine generator platform. The
supporting means on the booms 11 forward ends are leaned against or releasably
fixed to a wind turbine tower or wind turbine tower mooring elements. The carrying
rope 21 is lowered from the nacelle and attached to rear ends of the booms 11. The
carrying rope’s winch 34 lifts ends of the booms 11 and unfolds them vertically (Fig.
4-5). The vessel leaves the wind turbine. The booms 11 are stiffened at hinge points
and lowered to a horizontal position (Fig. 6). The unfolded booms 11 are spread into
from each other to form an angle of e.g. 120 degrees (Fig. 7). The booms’ hanging
ropes 23 from the wind turbine’s platform are holding the booms 11 (Fig. 8). The
carrying rope’s winch 34 and the carrying rope 21 is used to lift and operate the
service tools used for wind turbine blade and tower maintenance, while the
positioning rope’s winches 31 and 32, as well as positioning ropes 22 are used to

position the service tools.

The takedown process according to one embodiment is as follows. The service tools
are lowered to the wind turbine generator platform. The carrying rope 21 is
attached to the hanging ropes 23, which are attached to the to the booms’ 11 rear
ends. The booms’ 11 rear ends are lifted until the booms 11 achieve near vertical
position. Hinges between the boom’s 11 segments are de-stiffened and the boom's
11 folding process starts as carrying rope’s winch 34 lowers the booms’ 11 rear
ends. A waterborne vessel approaches the wind turbine tower and docks to the
wind turbine tower mooring elements. The booms 11 are lowered and folded on the

deck of the vessel. After removing of the rigging 20 the truss system 10 is detached
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from the wind turbine tower. Cargo and service tools are lowered from the wind
turbine generator platform to the vessel. The vessel departs from the wind turbine

generator.

According to the preferred embodiment the winches of the rigging pulling in and
letting out means 30 use torque or heave compensation modes when lifting or
lowering equipment from the vessel to avoid any damage that could be created by

vessel movement.

The proposed arrangement ensures effective positioning on an offshore wind
turbine of a service tools used for turbine blade and tower maintenance. Its design
allows convenient transportation of the arrangement to and from an offshore wind
turbine tower even on a small waterborne vessel. One additional benefit of the
preferred embodiment is that the space between the booms 11 is always left open
(Fig. 3 and 7) so in case of emergency the vessel can dock to the wind turbine tower

and rescue personnel.
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Claims

1. An arrangement for lowering and raising service tools used for offshore wind
turbine blade and tower maintenance, comprising: a truss system (10), a rigging
(20) and a rigging pulling in and letting out means (30), wherein the truss system
(10), comprising booms (11), pivotally attached to a supporting means (12), which
are adapted to be leaned against or releasably fixed to a wind turbine tower or wind
turbine tower mooring elements; wherein the rigging (20) and a rigging pulling in
and letting out means (30) are operably connected with the truss system (10), so to
allow lowering and raising service tools used for offshore wind turbine blade and

tower maintenance.

2. The arrangement according to claim 1, wherein

- the truss system (10), comprising two booms (11), the booms having two ends: a
forward end and a rear end, wherein the forward ends of the booms (11) are
pivotally attached to a supporting means (12), which are adapted to be leaned
against or releasably fixed to a wind turbine tower or wind turbine tower mooring
elements;

- the rigging (20) comprising a carrying rope (21), the service tool lowering and
raising arrangement’s three positioning ropes (22) and booms’ hanging ropes (23),

- the rigging pulling in and letting out means (30) comprising:

three positioning rope’s winches (31), two of which are mounted at the rear ends of
the booms (11) and one positioning rope’s winch (32), adapted to be releasably
fixed to a wind turbine generator platform; a hanging ropes’ winches (33), mounted
on, or adapted to be releasably fixed to a wind turbine generator platform; and a
carrying rope’s winch (34), mounted on, or adapted to be releasably fixed to a wind
turbine generator nacelle;

wherein end one of the carrying rope (21) is adapted to be operably connected to
the carrying rope’s winch (34); end two of the carrying rope (21) is adapted to be

connected to the service tools used for wind turbine blade and tower maintenance;
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ends one of the positioning ropes (22) are adapted to be connected to the side or
lower part of the service tools; ends two of the two positioning ropes (22) are
adapted to be operably connected to respective positioning rope’s winch (31) and
(32);

ends one of the booms’ hanging ropes (23) are adapted to be operably connected to
the hanging ropes’ winches (33), ends two of the booms’ hanging ropes (23) are

adapted to be connected to the forward ends and the rear ends of the booms (11).

3. The arrangement according to claim 1 or 2, wherein each boom (11) comprises
three truss segments: distal, middle and proximal, wherein the opposite ends of the
middle truss segment are hingedly connected to the end of the proximal truss
segment and to the end of the distal truss segment accordingly, so to allow the truss

segments to be folded and unfolded.

4. The arrangement according to any claims from 1 to 3, wherein the supporting
means (12) is a support plate or frame adapted to be leaned against a wind turbine
tower or wind turbine tower mooring elements; the supporting means (12) is
optionally provided with one or more electromagnets adapted to releasably fix the

booms to a wind turbine tower or wind turbine tower mooring elements.

5. The arrangement according to any claims from 1 to 3, wherein the supporting
means (12) is a gripper adapted to be releasably fixed to a wind turbine tower or a

wind turbine tower mooring element or elements.

6. The arrangement according to claims 4 or 5, wherein the supporting means (12)
is further provided with two hinges (13) to which the forward ends of the booms
(11) are attached, wherein the hinges (13) are designed to provide two degrees of

freedom for the booms (11).
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7. The arrangement according to claim 6, wherein the supporting means (12)
further comprises roller supports (14) adapted to be leaned against a wind turbine
tower or wind turbine tower mooring elements and designed to allow movement of
the supporting means (12) in horizontal plane, along the surface of the wind turbine
tower, while the supporting means (12) is not releasably fixed to the wind turbine

tower or wind turbine tower mooring elements.

8. The arrangement according to any preceding claims, wherein the rigging (20)
further comprising a booms’ fixing rope (24) and a boom fixing rope’s winch (35)
mounted on the proximal part of one boom (11), or two boom fixing rope’s winches

(35) - one on the proximal part of each boom (11).

9. The arrangement according to any preceding claims, wherein the positioning
rope’s winches (31), mounted on the booms (11) are located substantially at the
center of the booms (11), where the rigging pulling in and letting out means (30)
further comprise a rolling means (36) located at the rear ends of the booms (11),
wherein the ends two of the two respective positioning ropes (22) are adapted to be
operably connected to respective positioning rope’s winch (31) through the rolling

means (36).

10. The arrangement according to any preceding claims, wherein the hanging ropes’

winches (33) are mounted on the forward and the rear ends of the booms (11).

11. The arrangement according to any preceding claims, wherein the truss system

(10) is adapted to be placed on a waterborne vessel.
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AMENDED CLAIMS
received by the International Bureau on 09 December 2020 (09.12.20)

1. An arrangement for lowering and raising service tools used for offshore wind
turbine blade and tower maintenance, comprising: a truss system (10), a rigging
(20) and a rigging pulling in and letting out means (30), wherein the truss system
(10), comprising booms (11), pivotally attached to a supporting means (12), which
are adapted to be leaned against or releasably fixed to a wind turbine tower or wind
turbine tower mooring elements; wherein the rigging (20) and a rigging pulling in
and letting out means (30) are operably connected with the truss system (10), so to
allow lowering and raising service tools used for offshore wind turbine blade and
tower maintenance, wherein

- the truss system (10), comprising two booms (11), the booms having two ends: a
forward end and a rear end, wherein the forward ends of the booms (11) are
pivotally attached to a supporting means (12), which are adapted to be leaned
against or releasably fixed to a wind turbine tower or wind turbine tower mooring
elements;

- the rigging (20) comprising a carrying rope (21), the service tool lowering and
raising arrangement’s three positioning ropes (22) and booms’ hanging ropes (23),

- the rigging pulling in and letting out means (30) comprising:

three positioning rope’s winches (31), two of which are mounted at the rear ends of
the booms (11) and one positioning rope’s winch (32), adapted to be releasably
fixed to a wind turbine generator platform; a hanging ropes’ winches (33), mounted
on, or adapted to be releasably fixed to a wind turbine generator platform; and a
carrying rope’s winch (34), mounted on, or adapted to be releasably fixed to a wind
turbine generator nacelle;

wherein end one of the carrying rope (21) is adapted to be operably connected to
the carrying rope’s winch (34); end two of the carrying rope (21) is adapted to be
connected to the service tools used for wind turbine blade and tower maintenance;

ends one of the positioning ropes (22) are adapted to be connected to the side or

AMENDED SHEET (ARTICLE 19)
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lower part of the service tools; ends two of the two positioning ropes (22) are
adapted to be operably connected to respective positioning rope’s winch (31) and
(32);

ends one of the booms’ hanging ropes (23) are adapted to be operably connected to
the hanging ropes’ winches (33), ends two of the booms’ hanging ropes (23) are

adapted to be connected to the forward ends and the rear ends of the booms (11).

2. The arrangement according to claim 1, wherein each boom (11) comprises three
truss segments: distal, middle and proximal, wherein the opposite ends of the
middle truss segment are hingedly connected to the end of the proximal truss
segment and to the end of the distal truss segment accordingly, so to allow the truss

segments to be folded and unfolded.

3. The arrangement according to any claims from 1 to 2, wherein the supporting
means (12) is a support plate or frame adapted to be leaned against a wind turbine
tower or wind turbine tower mooring elements; the supporting means (12) is
optionally provided with one or more electromagnets adapted to releasably fix the

booms to a wind turbine tower or wind turbine tower mooring elements.

4. The arrangement according to any claims from 1 to 2, wherein the supporting
means (12) is a gripper adapted to be releasably fixed to a wind turbine tower or a

wind turbine tower mooring element or elements.

5. The arrangement according to claims 3 or 4, wherein the supporting means (12)
is further provided with two hinges (13) to which the forward ends of the booms
(11) are attached, wherein the hinges (13) are designed to provide two degrees of
freedom for the booms (11).

AMENDED SHEET (ARTICLE 19)
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6. The arrangement according to claim 5, wherein the supporting means (12)
further comprises roller supports (14) adapted to be leaned against a wind turbine
tower or wind turbine tower mooring elements and designed to allow movement of
the supporting means (12) in horizontal plane, along the surface of the wind turbine
tower, while the supporting means (12) is not releasably fixed to the wind turbine

tower or wind turbine tower mooring elements.

7. The arrangement according to any preceding claims, wherein the rigging (20)
further comprising a booms’ fixing rope (24) and a boom fixing rope’s winch (35)
mounted on the proximal part of one boom (11), or two boom fixing rope’s winches

(35) - one on the proximal part of each boom (11).

8. The arrangement according to any preceding claims, wherein the positioning
rope’s winches (31), mounted on the booms (11) are located substantially at the
center of the booms (11), where the rigging pulling in and letting out means (30)
further comprise a rolling means (36) located at the rear ends of the booms (11),
wherein the ends two of the two respective positioning ropes (22) are adapted to be
operably connected to respective positioning rope’s winch (31) through the rolling

means (36).

9. The arrangement according to any preceding claims, wherein the hanging ropes’

winches (33) are mounted on the forward and the rear ends of the booms (11).

10. The arrangement according to any preceding claims, wherein the truss system

(10) is adapted to be placed on a waterborne vessel.
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