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(57) Abstract: The invention provides a method for servicing a wind turbine (1), comprising a sequence of steps as follows: shutting
the wind turbine (1) down, attaching a workshop (3) to the wind turbine (1), moving a wind turbine component (111, 112) from the
wind turbine (1) into the workshop (3), performing a service measure on the component (111, 112) in the workshop (3), moving the
component (111, 112) from the workshop (3) to the wind turbine (1), and starting the wind turbine (1).
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A METHOD FOR SERVICING A WIND TURBINE

TECHNICAL FIELD

The present invention relates to a method for servicing a wind turbine, and to an airship.

BACKGROUND OF THE INVENTION

A horizontal axis wind turbine is known to have an electric generator in a nacelle on top of a
tower, where a rotor with a substantially horizontal axis mounted to the nacelle and arranged
to drive the generator. The nacelle is usually arranged to be rotated in relation to the tower, to

point the rotor towards the wind.

With growing sizes of horizontal axis wind turbines, challenges in servicing, maintaining and
repairing components of the wind turbines, increase. The transport of such components, e.g.
gearboxes and generators, may entail large road transport arrangements, and/or long routes

between service stations and distant wind farms.

The use of airships has been suggested to facilitate the servicing of wind turbines.
W02010145666 discloses using an airship for access to wind turbines for maintenance.
Although the use of airships provides advantages, there is still a desire to improve conditions
for servicing wind turbines. For example, a challenge remains in that repairing large
components may require the components to be transported to a service facility. Further,
weather conditions may limit the use of known service procedures. Wind, precipitation,
coldness and heat may contribute to obstruct wind turbine service or repair, or at least make it
difficult. High transport costs and maintenance delays due to adverse weather contribute to

increasing the cost of energy.

SUMMARY OF THE INVENTION

it is an object of the present invention to facilitate service and maintenance of wind turbines.

A further object of the invention is to decrease the cost of energy.
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The objects are reached with a method according to claim 1. Thus, the invention provides a
method for servicing a wind turbine, the method comprising a sequence of steps as follows:
shutting the wind turbine down, attaching a workshop to the wind turbine, moving a wind
turbine component from the wind turbine into the workshop, performing a service measure on
the component in the workshop, moving the component from the workshop to the wind

turbine, and starting the wind turbine.

The workshop may preferably be equipped for service and/or repair of the component in the
workshop. The workshop may be provided as a work facility. The invention may provide the
workshop as an equipped mobile servicing station. The workshop may include a workbench.
The workshop may include a fixture and/or a servicing jig for receiving a wind turbine
component. The workshop may include a jig for gearbox repair, a workbench for electrical
rework, an arrangement for replacement of bearings by heat treatment, a repair shop for yaw
drives, which may include motors and gears, a repair shop for hydraulic pistons, and/or a
repair shop for pumps, etc. Thereby, service or repair on a variety of wind turbine components

may be done in the workshop.

Thus, the invention may provide an equipped service workshop, capable of being fixedly
attached to and removed from a wind turbine, ¢.g. a nacelle thereof. The workshop may be
docked with the wind turbine, e.g. with an uptower nacelle thereof. Maintenance of one or
more wind turbine components may be carried out before undocking the workshop from the

wind turbine.

Since the workshop is attached to the wind turbine, the workshop may be provided close to
the location in the turbine of the component which is to be moved to the workshop for service
and/or repair. Thereby, the workshop may be attached in a direct vicinity of, or adjacent to, a
portion of the wind turbine in which one of more components to be serviced and/or repaired
are located. Thereby, the distance for loading and unloading a component to the workshop
may be minimized. This is beneficial since wind turbine components are often large, heavy
and difficult to handle. Thus, thanks to the closeness of the workshop to the component to be
serviced and/or repaired, made possible by the invention, loading and unloading of the
component can be done with a relatively small use of time and resources. Further, such

{oading and unloading can be performed in a controlled and safe manner. Preferably,



e

10

15

WO 2019/001659 3 PCT/DK2018/050149

attaching the workshop to the wind turbine prevents relative translation or rotation between

the housing and the wind turbine.

Preferably, the method comprises positioning the workshop, by means of a flying machine, in
a position for the attachment of the workshop to the wind turbine, and/or removing the
workshop from the wind turbine by means of a flying machine. Thereby, repair and/or service
work of the component can be undertaken on site, without use of a crane. Embodiments may
provide what could be referred to as a “flying garage”. The invention provides for ground
transport arrangements to be ignored. Ground transport arrangements may be challenging to
provide where the wind turbine is remotely located. Embodiments of the invention may
provide a combination of a transport of the workshop by air, and an attachment of the
workshop to the wind turbine, in close vicinity of the component(s) to be repaired and/or

serviced.

Preferably, the flying machine is an airship. Thereby, the transport steps may be carried out in
a fuel efficient manner. Thereby, the transport steps may be carried out with a large payload
capacity. The capacity of an airship to hover, will facilitate the docking of the workshop to the
wind turbine. It should be noted that in alternative embodiments, some other aerial vehicle,

adapted to hover, may be used, such as a helicopter.

Preferably, the method comprises moving the workshop from a retracted position, in which
the workshop extends at least partly within the airship, to a deployed position, which the
workshop extends at least partly externally of the airship. The entire workshop may extend
within the airship in the retracted position. The entire workshop may extend externally of the
airship in the deployed position. The workshop may extend, in the deployed position, from a
lower side of the airship. The workshop is preferably arranged externally of the atrship when

in a position for being attached to the wind turbine.

Embodiments of the invention may comprise moving the workshop from a resting position,
internally of the airship, to an attachment position, externally of the airship, before being
attached to the wind turbine. Thereby, the aerodynamic resistance of the assembly of the
airship and the workshop may be kept low during transportation of the workshop. The
deployed position of the workshop may facilitate the attachment of the workshop to the wind

turbine.
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Preferably, the workshop comprises a housing forming an enclosure of the workshop, wherein
attaching the workshop to the wind turbine comprises attaching the housing to the wind

turbine.

By the provision of such a housing, the workshop may comprise a workfloor. The workfloor
may be surrounded by one or more sidewall. The floor and sidewall(s) may define an interior
workspace dimensioned for servicing wind turbine compounents, such as a wind turbine
generator, or a wind turbine gearbox. The housing may provide an enclosed workspace. The
housing may provide for the environment of service and/or repair to be controlled. This is
similar to when repair and service is undertaken at workshop, e.g. in a central facility, located
at a distance from the wind turbine. Such environment control made possible by the enclosed
workspace provides a significant advantage since many components, e.g. electrical or
electronic equipment, are sensitive to humidity ete. I addition, the attachment of the
workshop to the wind turbine may provide for an entire action chain, including loading,
repairing/servicing, and/or unloading, to be undertaken in a controlled indoor environment.
Thereby, any influence of adverse weather conditions 1s minimized. Repair or service
operations may to a large degree be accurately planned. A resulting reduction of maintenance
operation delays or cancellations due to adverse weather conditions will have a positive effect
on costs for running a wind turbine or a wind farm. Therefore, such a reduction it will provide

for reducing the cost of energy.

Preferably, attaching the housing to the wind turbine comprises fixing the housing to a nacelle
of the wind turbine. Thereby, while attached, the workshop may be used for maintenance,
replacement and/or repair of one or more nacelle components. Embodiments of the invention
may provide an ability to carry out a full service of the nacelle. This may include component

extraction, repair and replacement, component exchange and/or component maintenance.

It should be noted that some embodiments of the invention involve attaching or fixing the
housing to another part of the wind turbine, such as at a lower part of a tower of the wind
turbine. Such embodiments may be particularly advantageous at offshore wind turbines. At
offshore wind turbines, equipment, e.g. electrical devices, may be located in the tower and/or

in the foundation.
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Preferably, fixing the housing to the nacelle comprises fixing the housing on top of the
nacelle. Such embodiments may involve the housing being docked on top of nacelle. Thereby,
the nacelle and the housing may be adapted to be attached to each other. The housing may be
provided in the form of a standard container. The attachment of the housing may be done with
standard container connections, or any other suitable connection means, such as bolt and nut

connections.

The method may comprise opening at least one hatch so as to uncover an opening 1n the
housing, facing the wind turbine. The method may comprise opening at least one hatch so as
to uncover an opening in the nacelle, facing the housing. For example, a roof of the nacelie
may be opened. Thereby, the workshop may be available to undertake repair or rework of a
nacelle component. The workshop interior and the nacelle interior may be provided with a
common controlled environment, e.g. by means of a climate system. The controlled

environment may be protected from external wind, temperature and humidity fluctuations.

The objects are also reached with a method according to a second aspect of the invention.
Thus, the second aspect provides a method for servicing a wind turbine by means of a flying
machine, the method comprising
- providing a housing connected to the flying machine,
- attaching the housing and/or the flying machine to the wind turbine, while the
housing remains connected to the flying machine, extends at least partly externally
of the flying machine, and 1s located between the flying machine and the wind

turbine.

Thus, the housing may be connected to the flying machine so as to extend at least partly
externally of the flying machine. Thereby, the housing may bridge the distance between the
flying machine and the wind turbine. The housing in may be provided in a service position in
relation to the wind turbine. In the service position a component of the wind turbine may be
moved from the wind turbine to the housing, and vice versa, without passing the flying

machine.

Preferably, the housing being connected to the flying machine comprises the housing being
fixed to the flying machine. Thereby, relative translation or rotation between the housing and

the flying machine is prevented. It should be noted that in some embodiments, exemplified
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elsewhere herein, where the housing is retractable into the flying machine, the housing may
be considered fixed to the flying machine, unless moved between a retracted and a deploved
position. However, in some embodiments, the housing may be flexibly connected to the flying

machine, e.g. by a line such as a rope or a wire.

The method according to the second aspect of the invention may be carried out in any suitable
embodiment, e.g. embodiments described herein, Thus, the flying machine may be an airship.
The method may comprise moving the housing from a retracted position, in which the
housing extends at least partly within the airship, to a deployed position, in which the
extension of the housing at least partly externally of the airship is provided. The housing may
form an enclosure of a workshop. Preferably, attaching the housing to the wind turbine
prevents relative translation or rotation between the housing and the wind turbine. Attaching
the housing to the wind turbine may comprise fixing the housing to a nacelle of the wind
turbine. Fixing the housing to the nacelle may comprise fixing the housing on top of the
nacelie. Tn some embodiments, the flying machine may be attached to the wind turbine, e.g.
the nacelle thereof. The flying machine may be attached to the wind turbine by attachment
devices extending past the housing, Such an attachment may be done alternatively to, or in
addition to, attaching the housing to the wind turbine. In some embodiments the flying
machine may be attached to the wind turbine before the housing is attached to the wind
turbine. The method may comprise moving, upon the attachment of the housing and/or the
flying machine to the wind turbine, at least one tool, for service of a component of the wind
turbine, from the housing to the wind turbine. A service and/or repair measure may be
performed on a wind turbine component using the tool. The method may comprise moving,
upon the attachment of the housing and/or the flying machine to the wind turbine, a wind
turbine component from the wind turbine to the housing, or from the housing to the wind
turbine, wherein the wind turbine component movement is performed with the aid of a winch
or a crane located in the housing. The method may comprise performing inside the housing a
service measure on the wind turbine component. The method may comprise transporting to,
or from, the wind turbine, by means of the flying machine and while the housing is connected
to the flying machine, a wind turbine component in the housing. The method may comprise
opening at least one hatch so as to uncover an opening in the wind turbine, facing the housing.
The method may comprise opening at least one hatch so as to uncover an opening in the

housing, facing the wind turbine.
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In some embodiments of the invention, the flving machine is an airship, and the housing
remains connected to the airship while the housing remains attached to the wind turbine. To
further secure the airship, the airship may be provided with an anchoring element adapted to

engage with a docking element of the wind turbine.

Tn some embodiments, the flying machine is disconnected from the housing while the housing
remains attached to the wind turbine. Thereby, the housing may be releasably connected to
the flying machine by a connecting mechanism for release of the housing from the flying

machine when the housing is attached to the wind turbine.

The objects are also reached with an airship assembly comprising an airship and a housing,
the housing being movable between a retracted position, in which the housing extends at least
partly within the airship, and a deployed position, in which the housing extends at least partly
externally of the airship. Preferably, the housing extends in the deployed position from a
fower side of the airship. As suggested above, thereby, the aerodynamic resistance of the
assembly of the airship and the housing may be kept low during transportation of the housing.
Further, the deployed position of the housing may facilitate the attachment of the housing to a

wind turbine.

Preferably, the housing is adapted to be attached to a wind turbine nacelle, on top thereof.
Thereby, the housing may present, in a lower face thereof, an opening, to allow access to the

workshop via an opening in the nacelle roof.

Preferably, the housing forms the enclosure of a workshop. Thereby, as also suggested above,
the housing may hold internally a plurality of tools for service and/or repair of a wind turbine

component.

Preferably, the housing holds internally a winch or a crane. Thereby, the housing may, in
addition to enclosing a workshop for service and/or repair of a component of a wind turbine to
which the housing is attached, provide means for facilitating the movement of the component
from the wind turbine into the housing. This is particularly advantageous where the
component is heavy, such as in some cases of the component being a wind turbine gearbox or

generator.
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BRIEF DESCRIPTION OF THE DRAWINGS

Below embodiments of the invention will be described with reference to the drawings, in
which
- fig 1 depicts a part of a horizontal axis wind turbine, a part of an airship, and a
workshop, in a context of a method according to an embodiment of the invention,
- fig. 2 1s a diagram depicting steps in the method, the context of which is shown in
fig. 1,
- fig. 3 shows a cross-section of the wind turbine, the airship, and the workshop in
fig, 1, the section being vertical and oriented in parallel with a rotational axis of a
rotor of the wind turbine, and
- fig. 4 and fig. S are partially sectioned side views of an airship and housing

assembly according to an embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

Below, a method, according to an embodiment of the invention, for servicing or maintaining a

component of a horizontal axis wind turbine will be described.

Reference is made to fig. 1. The wind turbine 1 in this example comprises a nacelle 101, a
rotor hub 102, and a tower 104. Three blades 103 are mounted to the hub 102. The hub 102 is
rotatably mounted to the nacelle 101 for driving an electric generator (not shown) of a
drivetrain (not shown) in the nacelle. During blade installation and service procedures, the
hub 102 may be rotated by means of one or more auxiliary electric motors (not shown)
engaged with the drivetrain. The nacelle 101 is mounted to the tower 104. Thereby, the
nacelle 101 may be rotated in relation to the tower 104 around a substantially vertical axis.

The rotation of the nacelle 101 may be effected by means of one or more yaw drives.

Reference is made also to fig. 2. The method may comprise transporting S1 a workshop 3,
such as the one described closer below, by means of an airship 2, to the wind turbine 1. The

workshop 3 may be fixedly connected to a lower side of the airship 2.

The method may also comprise shutting the wind turbine 1 down S2. Shutting the wind

turbine 1 down S2 may be done before the airship 2 arrives with the workshop. When the
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wind turbine 1 has been shut down, the workshop 3 may be positioned S3, by means of the
airship 2, in a position for the attachment of the workshop 3 to a top of the wind turbine

nacelle. An example of this position is shown in fig. 1.

Reference is made also to fig. 3. The workshop 3 comprises in this example a housing 301
forming an enclosure of the workshop 301. The workshop 3 1s attached S4 to the wind turbine
1 by the housing being fixed to the wind turbine by means of attachment elements 341. The
attachment elements 341 may be of any suitable type, for example of a twist lock type, e.g.
standard container fixing elements. The housing 301 may remain connected to the airship 2,
while the housing 301 is attached to the nacelle 101. The housing 301 may remain connected
to the airship 2 during a procedure of attaching the housing 301 to the nacelle 101. Thereby
the housing 301 may extend externally of the airship 2. Thereby the housing 301 may be

located between the airship 2 and the nacelle 101.

The method may further comprise opening S5 one or more hatches (not shown) in the nacelle
roof. Opening S5 the hatch{es) may uncover an opening 121 in the nacelle roof. The opening
121 may face the housing 301. The opening 121 may tace thereby the workshop 1. Further,
the method may comprise opening S6 one or more hatches (not shown) so as to uncover an
opening 311 in a bottom of the housing 301 The opening 311 may face the nacelle 101

Thereby, access is allowed between the workshop and the nacelle interior.

Fig. 3 depicts two wind turbine components in the nacelle 101, in the form of a gearbox 111
as well as said generator 112. The workshop may comprise a winch 321. The workshop may
comprise tools. The tools may include a generator fixture 331, and/or hand tools, represented
in fig. 3 with a symbol depicting a wrench 332. It is understood that the workshop may
include a plurality of tools, including hand tools, so as to be fully equipped for one or more
service and repair jobs for the wind turbine. The workshop equipment may be at least partly
adapted for one or more planned service and repair jobs. The method may comprise moving

S7 the generator 112 from the nacelle 101 into the fixture 331 using the winch 321,

The method may further comprise performing S8 a service or repair task on the generator 112
in the workshop 3. The service or repair task on the generator 112 may be performed while

the generator is in the fixture 331. Preferably, the workshop 3 comprises equipment to control
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the environment in the workshop, such as a climate system. The climate system may include a

heater and/or an air conditioning unit.

When the service or repair task is completed, the generator 112 may be moved S9 from the

fixture 331 back to the nacelle 101, using the winch 321.

It is understood that the method may alternatively, or in addition, comprise performing a
service or repair task on some other component, such as the gearbox 111, using the same steps

as described above for handling the generator 112.

In embodiments of the invention, the housing 301 remains connected to the airship 2 while
the housing 301 remains attached to the nacelle 101. However, in alternative embodiments,
the airship 2 is disconnected from the housing 301 while the housing 301 remains attached to
the wind turbine 1. Thereby, the airship 2 may be re-connected to the housing 301 for

transporting the workshop 3 away from the wind turbine 1.

The method according to the embodiments of the invention comprises, after moving the
generator 112 from the fixture 331 back to the nacelle 101, transporting S10 the workshop 3
away from the wind turbine 1 by means of the airship 2. Thereafter, the wind turbine 1 may

be started S11.

Reference is made to fig. 4 and fig. 5, depicting an airship assembly, according to an
advantageous embodiment of the invention. The airship assembly comprises an airship 2 and
a housing 301. The housing 301 may form the enclosure of a workshop 3. The housing 301
may be movable between a retracted position and a deployed position. A retracted position is
shown in fig. 4. In the retracted position, the housing 301 may extend within the airship 2. A
deployed position is shown in fig. 5. In the deployed position, the housing 301 may extend
externally of the airship 2. The housing 301 may extend in the deployed position from a lower

side of the airship 2.

The movement of the housing 301 between the retracted and the deployed position is in this
example effected by means of a hydraulic cylinder 201 ¥t is understood that the mechanism
for moving the housing 301 between the retracted and the deployed position may be

embodied in a variety of alternative manners. For example, a mechanism for moving the
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housing 301 between the retracted and the deployed position may include one or more
hydraulic cylinders, one or more electric motors, or one or more pneumatic actuators. Herein,
the workshop 3 is understood as being fixedly connected to the airship 2, while kept in the

retracted position or the deployed position.

The retracted position of the housing 301 allows for the aerodynamic resistance to be kept
low during transportation of the workshop. The housing 301 may be adapted to be attached to
a wind turbine nacelle 101, on top thereof. For such an attachment, the housing 301 may be

moved to the deployed position.

As will be understood by those skilied in the present field of art, numerous changes and
modifications may be made to the above described and other embodiments of the present

invention, without departing fror its scope as defined in the appending claims.
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CLAIMS

1. A method for servicing a wind turbine (1), characterized by a sequence of steps as follows:
shutting the wind turbine (1) down, attaching a workshop (3) to the wind turbine (1), moving
a wind turbine component (111, 112) from the wind turbine (1) into the workshop (3},
performing a service measure on the component {111, 112) in the workshop (3), moving the
component (111, 112} from the workshop (3) to the wind turbine (1}, and starting the wind

turbine (1).

2. A method according to claim 1, comprising positioning the workshop (3), by means of a
flying machine (2), in a position for the attachment of the workshop (3} to the wind turbine
(1), and/or removing the workshop (3) from the wind turbine (1) by means of a flying

machine (2).

3. A method according to claims 2, wherein the flying machine is an airship (2).

4. A method according to claim 3, comprising moving the workshop (3) from a retracted
position, in which the workshop (3) extends at least partly within the airship (2), to a deployed

position, in which the workshop (3) extends at least partly externally of the airship (2).

5. A method according to any one of the preceding claims, wherein the workshop (3)
comprises a housing (301) forming an enclosure of the workshop (301), wherein attaching the

workshop (3} to the wind turbine (1) comprises attaching the housing to the wind turbine.

6. A method according to claim S, wherein attaching the housing (301) to the wind turbine (1)

comprises fixing the housing (301) to a nacelle (101) of the wind turbine (1).

7. A method according to claim 6, wherein fixing the housing (301) to the nacelle (101)

comprises fixing the housing (301) on top of the nacelle (101).

8. A method for servicing a wind turbine (1} by means of a flying machine (2), characterised
by providing a housing (301) connected to the flying machine (2), attaching the housing (301)

and/or the flving machine (2} to the wind turbine (1), while the housing (301) remains
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connected to the flying machine (2), extends at least partly externally of the flying machine

(2), and is located between the flying machine (2) and the wind turbine (1)

9. A method according to claim 8, wherein the housing (301) being connected to the flying

machine (2) comprises the housing (301) being fixed to the flying machine (2).

10. A method according to any one of claims 8-9, wherein the flying machine is an airship,
and the housing (301) remains connected to the airship (2) while the housing {301) remains

attached to the wind turbine (1},

11. A method according to any one of claims 8-9, wherein the flying machine (2) is
disconnected from the housing (301} while the housing (301} remains attached to the wind

turbine (1).

12. Aun airship assembly, characterised in that the airship assembly comprises an airship (2)
and a housing (301), the housing (301) being movable between a retracted position, in which
the housing (301) extends at least partly within the airship (2), and a deployed position, in

which the housing (301) extends at least partly externally of the airship (2).

13. An airship assembly according to claim 12, wherein the housing {(301) extends in the

deployed position from a lower side of the airship (2).

14. An airship assembly according to any one of claims 12-13, wherein the housing (301} 13

adapted to be attached to a wind turbine nacelle (101}, on top thereof.

15. An airship assembly according to any one of claims 12-14, wherein the housing (301)

forms the enclosure of a workshop (3).

16. An airship assembly according to any one of claims 12-15, wherein the housing (301)

holds internally a winch (321) or a crane.
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