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DESCRIPTION

[0001] The invention relates to a wind turbine tower with an elevator system and a method to
install the elevator system.

[0002] A wind turbine comprises a rotor, with rotor blades and a rotor hub. The rotor hub is
rotatable connected to a nacelle. The nacelle is arranged on a tower in a way that the nacelle
is able to perform a yaw movement.

[0003] The tower of the wind turbine is connected to a foundation. Wind turbines can be
installed onshore and offshore. An offshore installation requires a specialized installation
vessel, to transport the parts of the wind turbine to the installation site.

[0004] First the foundation is installed at sea. Then the tower is connected to the foundation,
and the nacelle, the hub and the rotor blades are installed. The parts need to be shipped to the
installation site and need to be lifted by a crane on the installation vessel.

[0005] The operation of the installation vessel is expensive and the costs are calculated by the
installation time needed. Thus the number of parts to be installed is minimized and the parts of
the wind turbine are preinstalled.

[0006] The higher the level of the preparation of the parts, the less installation time is needed
on sea. The tasks, that need to be performed at sea during the installation, are mainly to
connect the parts of the wind turbine and install the arrangements that lead from one part to
the neighboring part of the wind turbine.

[0007] Itis known to install an elevator in the tower of a wind turbine. The elevator is used for
personnel and parts during installation, maintenance and service. It is also known to install an
elevator that connects the tower and the foundation of the wind turbine.

[0008] The tower is lifted by crane from the vessel and is connected to the foundation. After
the installation of the main parts of the wind turbine, the elevator is installed in the tower of the
wind turbine and in the foundation. The elevator needs to be adjusted, tested, and approved
for the transportation of personnel and parts.

[0009] The installation of the elevator needs installation time and thus increases the costs of
installation of the wind turbine.

[0010] The aim of the invention is therefore to provide an improved elevator and method of
installation.

[0011] The object of the invention is achieved by the independent claim 1. Further features of
the invention are disclosed in the dependant claims.
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[0012] A tower for a wind turbine is disclosed. The tower comprises an elevator system and
the elevator system comprises guide wires to guide an elevator cabin. The guide wires are
connected to a guide wire fixture arrangement.

[0013] The tower comprises a platform that is arranged vertical to the longitudinal axis of the
tower in the area of the lower end of the tower. The platform comprises an opening that is
prepared and arranged in a way to allow the guide wires to pass through the opening.

[0014] The platform comprises connection means to detachably connect the guide wire fixture
arrangement to the platform during transportation and installation of the tower.

[0015] The platform comprises a hoist system to lower the guide wire fixture arrangement
through the opening in the platform into a space below the tower, to extend the guide wires
through the opening in the platform.

[0016] A tower for a wind turbine is installed on a foundation. In an offshore installation
situation, the foundation can include for example a mono-pile or a tripod, and a transition
piece.

[0017] The tower comprises an elevator system for the transportation of people or parts inside
of the tower. The elevator system comprises an elevator cabin that is connected to guide
wires.

[0018] The guide wires are installed inside of the tower and are connected at the upper part of
the tower and the lower part of the tower. The guide wires show a certain tension to allow the
elevator cabin to be guided along the guide wires.

[0019] During the installation of the tower, the elevator system is installed inside of the tower
and the guide wires are set to the right tension, the elevator system is tested and approved.

[0020] At the lower end of the tower, the guide wires are connected to a guide wire fixture
arrangement.

[0021] The tower comprises a platform that is arranged vertical to the longitudinal axis of the
tower in the area of the lower end of the tower. After the installation of the tower, the platform is
used by personnel during service and maintenance in the tower.

[0022] The tower can comprise several platforms, where by one platform is installed in the
area of the lower end of the tower.

[0023] After the tower is set up in an upright position and is connected to a foundation, the
area of the tower that is close to the connection to the foundation is the lower end of the tower.
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[0024] The area of the lower end of the tower might include the first 20 m of the tower seen
from the lower end of the tower that is connected to the foundation.

[0025] The platform comprises an opening to allow the guide wires to pass through the
opening. After the installation of the elevator system and during the use of the elevator, an
elevator cabin can pass through the opening in the platform. The platform comprises
connection means to detachably connect the guide wire fixture arrangement to the platform
during transportation and installation of the tower.

[0026] The lower end of the guide wires is connected to the guide wire fixture arrangement.
The guide wire fixture arrangement needs to be connected to the tower during transportation
and installation to avoid damages.

[0027] The platform comprises a hoist system to lower the guide wire fixture arrangement
through the opening in the platform into a space below the tower to extend the guide wires
through the opening in the platform. During transportation and installation of the tower, the
guide wire fixture arrangement is connected to the platform in the tower.

[0028] After the installation of the tower, the guide wire fixture arrangement is detached from
the platform in the tower and is lowered through the opening in the platform using the hoist
system.

[0029] The hoist system is connected to the platform in the tower and comprises lifting means,
for example a wire, that is connected to the guide wire fixture arrangement. By operating the
hoist system, the guide wire fixture arrangement can be lowered through the opening in the
platform into the space below the platform, thus also into the space below the tower, to extend
the guide wire through the opening in the platform.

[0030] The guide wire fixture arrangement can then be connected to the foundation of the
tower. Thus, the guide wires of the elevator system reach through the opening in the platform
of the tower to the space below the tower, thus into the space inside of the foundation. Thus,
the elevator system is extended into the foundation.

[0031] An elevator frame is connected to the guide wire fixture arrangement.

[0032] The guide wire fixture arrangement comprises an elevator frame. The elevator frame
defines and secures the space needed for the elevator system in the area of the guide wire
fixture arrangement. Thus, the guide wire fixture arrangement can also be used as the lower
part of the elevator system to secure the elevator cabin.

[0033] A protection railing is arranged at least partially around the opening in the platform.

[0034] The platform inside the tower is used by personnel during service and maintenance.
Thus, the opening in the platform in the tower is a potential security problem for the personnel.



DKJ/EP 3032097 T3

A railing is installed around the opening in the platform to avoid personnel from falling through
the opening in the platform.

[0035] The guide wire fixture arrangement comprises attachment points that are prepared
and arranged in a way to be used with the connection means to attach the guide wire fixture
arrangement to a second platform to tension the guide wires.

[0036] After the installation of the tower, the guide wire fixture arrangement is lowered through
the opening in the platform by the hoist system and is then attached to a second platform that
is present in the foundation of the wind turbine tower to finish the installation of the elevator
system in the tower.

[0037] By connecting the guide wire fixture arrangement to the second platform, the guide
wires are set to the right tension and the elevator system is ready to be used.

[0038] Thus, the installation of the elevator system after the installation of the tower can be
performed very quickly.

[0039] A method is disclosed to install a tower of a wind turbine. The tower comprises an
elevator system and the elevator system comprises guide wires to guide an elevator cabin.
The guide wires are connected to a guide wire fixture arrangement. The tower comprises a
platform that is arranged vertical to the longitudinal axis of the tower in the area of the lower
end of the tower. The platform comprises an opening that is prepared and arranged to allow
the guide wires to pass through the opening. The platform comprises connection means to
detachably connect the guide wire fixture arrangement to the platform during transportation
and installation of the tower. The platform comprises a hoist system to lower the guide wire
fixture arrangement through the opening in the platform into a space below the tower to extend
the guide wires through the opening in the platform. The method comprises the steps of
disconnecting the guide wire fixture arrangement from the tower and lowering the guide wire
fixture arrangement through the opening in the tower.

[0040] A tower for a wind turbine is installed on a foundation. The tower comprises the
features as described above.

[0041] The method comprises the additional steps of temporarily connecting the tower to a
support arrangement and connecting the guide wire fixture arrangement to the support
arrangement.

[0042] At an offshore installation situation, the installation of the tower on the foundation is
performed by a specialized installation vessel. The vessel comprises a crane that lifts the tower
onto the foundation.

[0043] The tower is then connected to the foundation and the installation of the elevator
system can be performed. Before the elevator system can be used, the guide wires of the
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elevator system need to be set to the right tension, so that they can be used to guide the
elevator cabin, and the elevator system needs to be tested and approved.

[0044] This takes up a lot of installation time at the offshore side of the wind turbine. To avoid
this additional installation time for the elevator system, the tower is set up on top of a support
arrangement onshore before it is transported to the offshore foundation.

[0045] The support arrangement is a copy of an upper part of a foundation at an offshore
wind turbine site.

[0046] The tower is lifted onto the support arrangement by a crane and is connected to the
support arrangement. The guide wires of the elevator system that are connected to the guide
wire fixture arrangement are lowered through the opening in the platform of the tower to reach
into the support arrangement.

[0047] The guide wire fixture arrangement is there connected to a connection point inside of
the support arrangement that is arranged in the same distance to the platform in the tower
than the final connection point in the foundation of the wind turbine.

[0048] Thus, the installation situation of the elevator system can be simulated onshore.

[0049] The guide wire fixture arrangement is connected to the support arrangement and the
guide wires can be set into the right tension.

[0050] Thus, the elevator system can be tested and approved onshore.

[0051] The method comprises the additional step of adjusting the length of the guide wires to
achieve a certain predetermined tension of the guide wires.

[0052] The guide wire fixture arrangement is connected to the support structure of the tower,
whereby the guide wires reach through the opening in the platform of the tower and through
the tower.

[0053] The guide wires of the elevator system are later used to guide the elevator cabin of the
system.

[0054] For the test and approval of the elevator system, the guide wires need to be adjusted
to achieve a certain predetermined tension of the guide wires.

[0055] After the tension is adjusted, the guide wires are fixed in their length in the tower, from
the top of the tower down to the guide wire fixture arrangement.

[0056] The method comprises the additional step of testing and approving the elevator system
of the tower.
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[0057] The test and approval of the elevator system is performed at a simulated installation
situation of the wind turbine tower on top of the support arrangement at an onshore site.

[0058] Thus, less offshore installation time is needed for the test and approval of the elevator
system. The installation time spent at an onshore simulated installation situation is less
expensive than the offshore installation time.

[0059] Thus, the installation of the wind turbine is cheaper when the test and approval of the
elevator system is performed onshore.

[0060] The method comprises the additional steps of disconnecting the guide wire fixture
arrangement from the support arrangement, hoisting the guide wire fixture arrangement up to
the tower by the hoist system, and attaching the guide wire fixture arrangement to the tower.

[0061] After the installation of the elevator system and the test and approval, the guide wire
fixture arrangement with the guide wires is disconnected from the support arrangement, and is
hoisted up to the platform in the tower.

[0062] The guide wire fixture arrangement is there connected to the platform inside of the
tower. The tower is then disconnected from the support arrangement and is prepared for
transportation and installation offshore. The tower then comprises the pre-installed elevator
system with the guide wires set to the right tension, and the guide wire fixture arrangement
being temporarily connected to the platform inside of the tower.

[0063] The method comprises the further steps of transporting the tower to an installation site
of a foundation, and connecting the tower to the foundation.

[0064] The tower including the preinstalled elevator system is transported to the offshore
installation site of the wind turbine. There, a foundation is installed on the seafloor.

[0065] The tower is lifted from the specialized installation vessel by a crane onto the
foundation at sea. The tower is then connected to the foundation.

[0066] The method comprises the additional steps of disconnecting the guide wire fixture
arrangement from the tower and connecting the guide wire fixture arrangement to the
foundation.

[0067] After the installation and connection of the tower to the foundation, the guide wire
fixture arrangement is disconnected from the platform in the tower. The guide wire fixture
arrangement is then lowered through the opening in the platform of the tower to the space
below the platform.

[0068] There, the guide wire fixture arrangement is connected to the foundation, for example
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to a platform or a connection point inside of the foundation.

[0069] The distance between the platform inside of the tower, and the connection point or the
platform to connect the guide wire fixture arrangement to the foundation, is the same as in the
simulated installation situation onshore.

[0070] Thus, by connecting the guide wire fixture arrangement to the foundation, the guide
wires achieve their predetermined tension again.

[0071] Thus, by connecting the guide wire fixture arrangement to the foundation, in the same
distance from the platform in the tower than in the simulated installation situation, the same
tension of the guide wires can be achieved as it was set in the installation situation onshore.

[0072] Thus, the elevator system inside of the tower is ready to be used. No further
adjustment, testing, and approval of the elevator system are necessary.

[0073] Thus, the installation time for the elevator system is minimized, and the time for
approval and testing of the elevator system is saved.

[0074] Thus, the costs for the installation of the wind turbine tower offshore are reduced.

[0075] The invention is shown in more detail by the help of figures. The figures show a
preferred configuration and do not limit the scope of the invention.

FIG 1 shows an elevator system in a wind turbine tower,
FIG 2 shows the tower during the installation phase,
FIG 3 shows the tower connected to the foundation,

FIG 4 shows the elevator system after the installation.

[0076] FIG 1 shows an elevator system in a wind turbine tower.

[0077] FIG 1 shows an elevator system in a wind turbine tower 1. The elevator system
comprises an elevator cabin 10 that is connected to guide wires 11.

[0078] The lower end of the guide wires is connected to a guide wire fixture arrangement 13,
and the upper end of the guide wires 11 is connected in the tower 1 of the wind turbine.

[0079] An elevator frame 8 is connected to the guide wire fixture arrangement 13.

[0080] The guide wires 11 of the elevator system need to be adjusted in their length and set to
the right tension before the elevator can be used for the transportation of people or parts in the
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wind turbine tower.

[0081] The tower 1 is arranged on a support arrangement 2. The support arrangement 2
comprises a door 3, an outer platform 4 and an inner platform 7.

[0082] The support arrangement 2 is a dummy of a wind turbine tower foundation, to simulate
the installation situation of the wind turbine tower 1 on an offshore foundation.

[0083] The support arrangement 2 comprises the same size and measures as the offshore
foundation that is later used to support the tower 1.

[0084] The tower 1 is connected to the support arrangement 2, thus to the dummy foundation
and the elevator system is installed inside the tower 1.

[0085] The guide wire fixture arrangement 13 is connected to the inner platform 7 of the
support arrangement 2. The guide wires 11 are adjusted in their length and in their tension.
The elevator system is then tested and approved for the transportation of people and parts
within the tower 1.

[0086] The tower 1 comprises a platform 6, and the platform 6 comprises an opening that
allows the elevator cabin and the guide wires to extend through the platform 6, from the tower
1 into the support arrangement 2.

[0087] The platform 6 is equipped with a protection railing 12, that is arranged around the
opening in the platform 6. The guide wire fixture arrangement 13 is connected to the platform 7
in the support arrangement 2, a protection railing 9 is arranged around the elevator frame 8
and the guide wire fixture arrangement 13 on the platform 7 of the support arrangement 2.

FIG 2 shows the tower during the installation phase.

FIG 2 shows the tower 2 during the installation of the tower. After adjustment of the guide wires
and test and approval of the elevator system, the guide wire fixture arrangement 13 is
disconnected from the platform 7 in the support arrangement.

[0088] The tower 1 comprises a hoist system 15 to hoist the guide wire fixture arrangement
13, including the elevator frame 8, up to the platform 6 in the tower 1. The guide wire fixture
arrangement 13 is then connected to the platform 6 in the tower 1 by connection means 5.

[0089] The guide wires 11 are connected to the guide wire fixture arrangement 13 and the
length of the guide wires 11 remains unchanged.

[0090] When the guide wire fixture arrangement 13 is lifted up to the platform 6, and is
connected to the platform by the connection means 5, the guide wires 11 of the elevator
system lose their tension and can be temporarily connected inside the tower, to be secured
during the installation and the transportation of the tower.
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[0091] The tower 1 is then disconnected from the support arrangement 2 and can be
transported to the installation site of the wind turbine and can be installed to a foundation.

[0092] FIG 3 shows the tower connected to the foundation.

[0093] FIG 3 shows the tower 1 that is connected to the foundation 16. The tower 1 comprises
the preinstalled elevator system, comprising the guide wires 11 and the guide wire fixture
arrangement 13 that is connected to the floor 6 in the tower 1 by connection means 5.

[0094] The guide wire fixture arrangement 13 comprises an elevator frame 8. The floor 6 in
the tower 1 comprises a railing 12.

[0095] A hoist system 15 is connected to the protection railing 12 to lower the guide wire
fixture arrangement 13 and the elevator frame 8 through the opening in the platform 6 to the
space below the tower 1.

[0096] The foundation 16 in the wind turbine comprises a door 3 and an outer platform 4. The
foundation 16 has the same dimensions as the support arrangement 2 that was used to adjust
the guide wires of the elevator system in the tower 1.

[0097] FIG 4 shows the elevator system after the installation.

[0098] FIG 4 shows the elevator system after the installation in the wind turbine tower 1. The
wind turbine tower 1 is arranged on a foundation 16. The foundation 16 comprises a door 3, an
outer platform 4 and an inner platform 7.

[0099] The guide wire fixture arrangement 13 is disconnected from the platform 6 in the tower
1 and is lowered to the space below the tower by the hoist system 15.

[0100] The guide wire fixture arrangement is then connected to the platform 7 in the
foundation 16 by connection means 14.

[0101] The platform 6 comprises a railing 12 arranged around the opening for the elevator,
and the platform 7 comprises a protection railing 9 to enhance the safety of the personnel
working in the wind turbine.

[0102] After the connection of the guide wire fixture arrangement 13 to the floor 7 in the
foundation 16, the guide wires 11 show the same tension as was adjusted during the pre-
installation of the tower on the support arrangement 2. Thus, the guide wires 11 are already
adjusted and the elevator system is ready to be used.

[0103] The illustration in the drawings is in schematic form. It is noted that in different figures,
similar or identical elements are provided with the same reference signs.
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[0104] Although the present invention has been described in detail with reference to the
preferred embodiment, it is to be understood that the present invention is not limited by the
disclosed examples, and that numerous additional modifications and variations could be made
thereto by a person skilled in the art without departing from the scope of the invention.

[0105] It should be noted that the use of "a" or "an" throughout this application does not
exclude a plurality, and "comprising" does not exclude other steps or elements. Also elements
described in association with different embodiments may be combined. It should also be noted
that reference signs in the claims should not be construed as limiting the scope of the claims.
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Patentkrav

1. Tarn til en vindmolle,

- hvor tarnet (1) omfatter et elevatorsystem,

- hvor elevatorsystemet omfatter foringskabler (11) til at fore en elevatorkabi-
ne (10),

- hvor fgringskablerne (11) er forbundet med en foringskabelfastgarelsesind-
retning (13),

- hvor tarnet (1) omfatter en platform (6), som er anbragt vertikalt pa tarnets
(1) leengdeakse i omradet ved tarnets (1) nedre ende,

- hvor platformen (6) omfatter en dbning, som er fremstillet og anbragt pa en
made, sa faringskablerne (11) tillades at passere gennem abningen,

- hvor platformen (6) omfatter forbindelsesmidler (5) til losbart at forbinde
faringskabelfastgerelsesindretningen (13) til platformen (6) under transport
og installering af tarnet (1),

kendetegnet ved, at

- platformen (6) omfatter et hejsesystem (15) til at seenke foringskabelfastgo-
relsesindretningen (13) gennem &bningen i platformen (6) ind i et rum neden
under tarnet (1), for at fgringskablerne (11) kan forlabe gennem &bningen i
platformen (6).

2. Tarn ifglge krav 1, kendetegnet ved, at en elevatorramme (8) er forbun-
det med foringskabelfastggrelsesindretningen (13).

3. Tarn ifglge et af kravene 1 eller 2, kendetegnet ved, at en beskyttelses-
skinne (12) er anbragt i det mindste delvist rundt om abningen i platformen

(6).

4. Tarn ifolge et af de foregaende krav, kendetegnet ved, at foringskabel-
fastgarelsesindretningen (13) omfatter fastgorelsespunkter, som er fremstillet
0g anbragt pa en saddan made, at de kan anvendes med forbindelsesmidler
(14) til at fastgare faringskabelfastgorelsesindretningen til en anden platform
(7) for at spaende faringskablerne (11).

5. Fremgangsmaéde til installering af et tarn (1) til en vindmaglle,
- hvor tarnet (1) omfatter et elevatorsystem,
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- hvor elevatorsystemet omfatter faringskabler (11) til at fare en elevatorkabi-
ne,

- hvor faringskablerne (11) er forbundet med en foringskabelfastgorelsesind-
retning (13),

- hvor tarnet omfatter en platform (6), som er anbragt vertikalt pa tarnets (1)
laeengdeakse i omradet ved tarnets (1) nedre ende,

- hvor platformen (6) omfatter en dbning, som er fremstillet og anbragt pa en
made, sa faringskablerne (11) tillades at passere gennem abningen,

- hvor platformen (6) omfatter forbindelsesmidler (5) til lgsbart at forbinde
faringskabelfastgorelsesindretningen (13) til platformen (6) under transport
og installering af tarnet (1),

- hvor platformen (6) omfatter et hejsesystem (15) til at seenke faringskabel-
fastgarelsesindretningen (13) gennem &bningen i platformen (6) ind i et rum
neden under tarnet (1), for at foringskablerne (11) kan forlabe gennem &b-
ningen i platformen,

omfattende trinnene:

- at frakoble fgringskabelfastgarelsesindretningen (13) fra tarnet (1),

- at seenke foringskabelfastgorelsesindretningen (11) gennem &bningen i
platformen (6).

6. Fremgangsmade ifalge krav 5, omfattende de yderligere trin:

- midlertidigt at forbinde tarnet (1) pa en understgtningsindretning (2),

- at forbinde foringskabelfastgorelsesindretningen (13) med understatnings-
indretningen (2).

7. Fremgangsmade ifolge krav 5 eller 6, omfattende det yderligere trin
- at indstille laeengden af foringskablerne (11) for at opna en bestemt pé for-
hand angivet speending af feringskablerne (11).

8. Fremgangsmade ifglge et af kravene 5 eller 7, omfattende det yderligere
trin
- at teste og godkende tarnets (1) elevatorsystem.

9. Fremgangsmade ifolge et af kravene 5 til 8, omfattende de yderligere trin
- at frakoble fgringskabelfastgorelsesindretningen (13) fra understatningsind-
retningen (2),
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- at hejse foringskabelfastgerelsesindretningen op til tarnet (1) ved hjeelp af
hejsesystemet (15),
- at fastgore foringskabelfastgarelsesindretningen (13) til tarnet (1).

10. Fremgangsmade ifglge et af kravene 5 til 9, omfattende de yderligere trin
- at transportere tarnet til et installeringssted af et fundament (16),
- at forbinde tarnet (1) med fundamentet.

11. Fremgangsmaéade ifolge et af kravene 5 til 10, omfattende de yderligere
trin

- at frakoble fgringskabelfastgarelsesindretningen (13) fra tarnet (1),

- at forbinde foringskabelfastgorelsesindretningen (13) med fundamentet
(16).
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