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DESCRIPTION

Description

[0001] The present invention relates to a support structure for a nacelle of a wind turbine, a
wind turbine and a method for connecting a rear frame to a main foundation in a support
structure.

[0002] Wind turbines are exposed to high mechanical stress. In particular, components of a
wind turbine such as a main foundation have to be adapted to transfer loads and forces from a
main axle of a wind turbine to a yaw bearing of the wind turbine.

[0003] In general, a rear frame is attached to the main foundation to form a nacelle for housing
inner components of a wind turbine. Thus, a solid connection between the main foundation and
the rear frame is essential for a transfer of loads, forces and torques during operation of a wind
turbine.

[0004] Document EP 2 494 198 B1 describes a connection of a rear frame and a main
foundation that is based on two separate connection areas that are displaced from each other
in a first direction towards side parts of a nacelle, in a second direction towards a front end,
and in a third direction from top to bottom of the nacelle.

[0005] Document WO 2007/096008 A1 describes a nacelle frame for a nacelle of a wind
turbine that is attached to the nacelle via a plurality of connection interfaces.

[0006] Document DE 10 2011 007836 B3 describes a connection interface between a rear
beam and a main housing for a nacelle of a wind turbine, wherein a plurality of linear arranged
bolts are used for connecting the beam and the housing.

[0007] It is an object of the invention to provide a stable and reliable wind turbine. More
specifically, it is an object to provide a wind turbine with a connection between a main
foundation and a rear frame where transfer of torques and forces from the rear frame to the
main foundation is facilitated. This object is solved by the subject-matter of the claims. In
particular, the object is solved by a support structure for a nacelle, a wind turbine and a
method for connecting a rear frame to a main foundation in a nacelle according to the
independent claims. Further details of the invention unfold from the other claims as well as the
description and the drawings. Thereby, the features and details described in connection with
the support structure apply in connection with the wind turbine and the method for connecting
a rear frame to a main foundation in a nacelle, so that regarding the disclosure of the individual
aspects of the invention it is or can be referred to one another.
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[0008] According to a first aspect of the invention, the object is solved by a support structure
for a nacelle of a wind turbine. The nacelle comprises a main foundation and a rear frame
comprising only two rear end beams that are connected to the main foundation at one end and
extend from the main foundation. The main foundation and each of the only two rear end
beams are connected in a connection area by a single connection arrangement. The
connection arrangement comprises at least one curved section, such that a load on the
connection area is distributed within the connection arrangement.

[0009] The support structure according to the present invention is very stable and resistant
with respect to loads, such as torques and forces that occur during operation of a wind turbine.
This results from a connection arrangement that is used to connect a rear end beam and a
main foundation of the support structure. Thus, for every rear end beam a corresponding
connection area is used that connects the particular rear end beam with the main foundation.

[0010] In the context of the present invention, a connection area may be an area where a rear
end beam and a main foundation are attached to each other. A connection area may be
formed by an overlap of a rear end beam and a main foundation. A connection area my
transfer loads, such as torques and forces from a rear end beam to a main foundation and vice
versa.

[0011] In the context of the present invention, a load may be a momentum, a force, or a
torque.

[0012] In the context of the present invention, a connection arrangement may be a pattern of
connection elements, such as bolts, welds, cylindrical pins, rivets or a combination of these,
which is arranged in a connection area. The connection arrangement according to the present
invention comprises at least one curved section, such that a load on the connection area is
distributed within the connection arrangement. Thus, the connection arrangement according to
the present invention may have a contact face layout with circular or oval sections. Of course,
the connection arrangement may be circular or oval in total.

[0013] By using a connection arrangement that comprises at least one curved section, a
number of connection elements may be reduced since the loads that occur during operation of
a wind turbine are transferred within the connection arrangement, such that particular sections
or elements of the connection arrangement that face high mechanical stress are unloaded and
other sections or elements of the connection arrangement are loaded. In other words, by using
curved sections, a load on the connection arrangement is distributed, in particular uniformly
distributed, among sections or elements of the connection arrangement, such that damage of
the connection arrangement is avoided.

[0014] Since the connection arrangement according to the present invention provides for a
stable and reliable connection between a rear end beam and main foundation, the number of
connection elements or the size of the connection arrangement may be minimized with respect
to prior art solutions where connection arrangements with straight rows of connections
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elements are used.

[0015] Further, the connection arrangement according to the present invention results in
reduced maximum stress in a rear end beam and a main foundation, in particular in a region
close to the connection arrangement, by increasing a friction capacity and a buckling
resistance of a corresponding connection area.

[0016] Since according to the present invention only one single connection arrangement is
used to connect a rear end beam and a main foundation, only this single connection
arrangement has to be installed by a technician, which leads to an improved tolerance chain
and a time and cost effective assembly of the present support structure.

[0017] Preferably, the single connection arrangement comprises a plurality of connection
elements, wherein connection elements in a first section of the connection arrangement are
located closer to each other than connections elements in a second section of the connection
arrangement.

[0018] In the context of the present invention, a section may be an area in a connection
arrangement, such as segment in a curved structure of the connection arrangement, for
example.

[0019] By using different areas with connections elements arranged in different distances, the
connection arrangement disclosed herein may be fitted to a load characteristic of a particular
wind turbine. Thus, a first section with a small distance between particular connection elements
may be arranged in close distance to an origin of a load and a second section with larger
distance between particular connection elements may be arranged distant, i.e. in a larger
distance as the first section, to the origin of the load. Such an arrangement enables a transfer
of high loads in the region of the origin of the load to other connection elements and avoids
extensive use of material in regions distant from the origin of the load.

[0020] Preferably, the connection arrangement extends in a longitudinal direction of the rear
frame.

[0021] By using a connection arrangement that extends in a longitudinal direction of the rear
frame, a longitudinal load on the rear frame may be distributed on connection elements of the
connection arrangement in a uniform way, such that a punctual burden of particular connection
elements with a high load is avoided.

[0022] Preferably, each of the rear end beams comprises one or more J-shaped layers.

[0023] By using J-shaped layers, a load transfer from horizontal areas to vertical areas and
vice versa is improved compared to other shapes, such as a C-shape, for example.

[0024] Preferably, in case each of the rear end beams comprises at least two J-shaped layers,
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flanges that are to be loaded by compressive loads of the at least two J-shaped layers, at least
partially, have larger cross section areas than flanges of the at least two J-shaped layers that
are to be loaded by tension loads.

[0025] In particular, lower flanges of the at least two J-shaped layers, at least partially, may
have larger cross section areas than upper flanges of the at least two J-shaped layers.

[0026] The at least two J-shaped layers may be connected at least in the connection area
using the connection arrangement disclosed herein.

[0027] By using a plurality of profiles having different cross sections, the strength and stiffness
can be improved by a limited amount of material.

[0028] Preferably, at least one reinforcement element is arranged in the connection area that
covers at least one section of the connection arrangement.

[0029] By using a reinforcement element, such as a steel plate, in particular a steel plate that
is part of a main foundation, a sandwich structure may be built by an inner layer, a
reinforcement element, and an outer layer. In such an arrangement, the reinforcement
element supports the inner and the outer layers and assists in distributing a load from the inner
layer to the outer layer and vice versa, such that damage of the inner and outer layers is
minimized or totally avoided.

[0030] Further, the reinforcement element may comprise drillings or receiving elements for
connection elements of the connection arrangement. Thus, the reinforcement element may
support the connection elements and protect them from cracking or any other sort of damage.

[0031] According to a second aspect, the present invention relates to a wind turbine with a
support structure as described herein .

[0032] A wind turbine with a support structure according to the present invention is solid due to
the connection arrangement, which distributes a load among connection elements of the
connection arrangement. Further, a minimum of connection elements can be used for
manufacturing the wind turbine by using the support structure as disclosed herewith, such that
the wind turbine disclosed herein is light and easy to install.

[0033] According to a third aspect, the present invention relates to a method for connecting a
rear frame to a main foundation in a support structure as described herein, wherein the rear
frame comprises only two rear end beams. The method comprising an alignment step for
aligning each of the rear end beams with the main foundation in a connection area, and a
connection step for connecting each of the rear end beams with the main foundation in the
connection area by a single connection arrangement. The connection arrangement comprises
at least one curved section, such that a load on the connection area is distributed within the
connection arrangement. The method disclosed herein enables a manufacturing of a wind
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turbine with a support structure according to the present invention that is solid due to the
connection arrangement, which distributes a load among connection elements of the
connection arrangement and that is light weighted. By using the method disclosed herein, a
wind turbine is easy and cost effective to install. Thus, by using the method disclosed herein
the same advantages and technical effects as the support structure and the wind turbine
according to the present invention can be achieved.

[0034] Further advantages, features and details of the invention unfold from the following
description, in which embodiments of the present invention are described in detail. Thereby,
the features from the claims as well as the features mentioned in the description can be
essential for the invention as taken alone or in an arbitrary combination. In the drawings, there
is schematically shown:

FIG. 1 a support structure according to prior art,

FIG. 2 the support structure according to Fig. 1 in a side-view,

Fig. 3 a support structure according to an embodiment,

Fig. 4 the support structure of Fig. 3 in a side view,

Fig. 5 a rear beam according to an embodiment in a first view,

Fig. 6 a connection area as shown in Fig. 5, in more detail,

Fig. 7 the rear beam of Fig. 5 in a second view,

Fig. 8 the rear beam of Figs. 5 to 7 in a third view,

Fig. 9 a connection arrangement according to another embodiment,

Fig. 10 a connection arrangement according to yet another embodiment,
Fig. 11 a connection arrangement according to yet another embodiment.
Fig. 12 a wind turbine according to an embodiment, and

Fig. 13 a method according to an embodiment.

[0035] In Fig. 1, a rear beam 100 of a nacelle of a wind turbine is shown. The rear beam 100
comprises a first layer 101 and a second layer 103.

[0036] The first layer 101 and the second layer 103 are connected by a first connection face
105 that consists of two straight rows of bolts and a second connection face 107 that consists

of two straight rows of bolts as well.

[0037] According to formula (1) a force F on a bolt will in general vary linear with a distance r
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from a centroid of all bolts to a particular bolt. A momentum M that is applied on the rear beam,
as indicated by arrow 109, results in an outer bolt 111 being loaded with much more bolt force
than an inner bolt 113.

F,=FeZ (1)

n

[0038] Further, rear beam 100 comprises a third connection face 115 and a fourth connection
face 117 for connecting with a main foundation. If a downward force is added to the beam 100,
all bolts in connection face 115 will be loaded by a horizontal force going to the left and all bolts
in connection face 117 will be loaded by a horizontal force going to the right. Additionally, on all
bolts in connection faces 115 and 117 there will be a vertical force component going upwards.

[0039] The horizontal forces on bolts 115 will be transferred to horizontal forces in 117 by
shear forces in the second layer 103.

[0040] Fig. 2 shows the rear beam 100 in a top view. From this view, it can be understood that,
by separating the connection faces 115 and 117, a load can only be transferred from the third
connection face 115 to the fourth connections face 117 by shear forces in a domain between
connection faces 115 and 117.

[0041] Fig. 3 shows a support structure 300 according to an embodiment. The support
structure 300 comprises a first rear beam 301 a second rear beam 303 and a main foundation

305.

[0042] The first rear beam 301 and the main foundation 305 are connected by a first
connection arrangement 307 in a first connection area 309.

[0043] The second rear beam 303 and the main foundation 305 are connected by a second
connection arrangement 311 in a second connection area 313.

[0044] In Fig. 4, the support structure 300 is shown in a side view. Here, the main foundation
305 is shown in detail with an installation guide 315 for installation of the connection

arrangement 311.

[0045] By using the installation guide 315, the connection arrangement 311 can be provided
very fast and precise by a technician.

[0046] The installation guide 315 may be part of the main foundation 305.

[0047] In Fig. 5, a rear beam 500 is shown. The rear beam 500 comprises a first layer 501, a
second layer 503, and a connection area 505.

[0048] In the connection area 505, an installation guide 507 is located, in which bolts are
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inserted with a distance to each other that is predetermined by the installation guide 507.

[0049] In Fig. 6, the connection area 505 is shown in more detail. Here, it can be seen that the
installation guide 507 is an elevated structure comprising bore holes for receiving bolts. The
bore holes are arranged in a circular shape, such that each bore hole and a corresponding
connection element inserted in the bore hole has the same distance to a center of an opening
of the connection area 505. Alternatively, the bore holes may be arranged in any other at least
partially curved shape.

[0050] In Fig. 7 the rear beam 500 is shown on a cut view. Here, it can be seen that the rear
beam 500 has a sandwich structure comprising the first layer 501, a reinforcement element
509, and the second layer 503, which are connected by bolts of a connection arrangement 511
that are inserted in the installation guide 507 as shown in Fig. 5.

[0051] The first layer 501 and the second layer 503 are J-shaped. The J-shaped structure of
the first layer 501 and the second layer 503 enables a transfer of loads between horizontal
areas and vertical areas of the rear beam 500.

[0052] Further, a lower flange 513 of the first layer 501 and the second layer 503, which is
generally loaded by compressive loads, has a cross section that is larger than a cross section
of an upper flange 515 of the first layer 501 and the second layer 503, which is generally
loaded by tension loads. Thus, the different cross sections of the upper and lower flanges
provide for a very high capability for carrying buckling loads, which improves strength and
stiffness of the rear beam 500 with a minimal amount of material.

[0053] In Fig. 8, the reinforcement element 509 is shown in detail. The reinforcement element
509 transfers bolt pretensions from the first layer 501 to the second layer 503 and vice versa.

[0054] Further, the reinforcement element 509 reinforces the rear beam in the connection
area 505.

[0055] The reinforcement element 509 may be part of a main foundation.

[0056] In Fig. 9 a connection arrangement 800 is shown. The connection arrangement 800 is
built by an oval shaped weld placed in a connection area 801 on a first layer 803 and may be
used to connect the first layer 803 with a main foundation 805.

[0057] In Fig. 10 a connection arrangement 900 is shown. The connection arrangement 900 is
built by an oval shaped welding section placed in the connection area 801 on the first layer 803
and may be used to connect the first layer 803 with the main foundation 805 as shown in Fig 9.

[0058] In Fig. 11 a connection arrangement 1000 is shown. The connection arrangement 1000
comprises a first section 1001, where connection elements 1005, such as bolts, forming the
connection arrangement 1000 are arranged close to each other, i.e. arranged with a small
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distance between each other, to transfer a high load on a high number of bolts.

[0059] Further, the connection arrangement 1000 comprises a second section 1003, where
bolts forming the connection arrangement 1000 are arranged in greater distance to each other
than in the first section 1001. Since in the second section 1003 the loads are smaller than in
the first section 1001, the number of bolts is reduced and the amount of material together with
the weight of a corresponding support structure is minimized.

[0060] In Fig. 12, a wind turbine 1100 is shown. The wind turbine 1100 comprises a nacelle
1101 that comprises the support structure 300 as described with respect to Fig. 3.

[0061] In Fig. 13, a method 1200 is shown. The method comprising an alignment step 1201 for
aligning rear end beams with a main foundation in a connection area, and a connection step
1203 for connecting each the rear end beams with the main foundation in the connection area
by a single connection arrangement.
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PATENTKRAV

1. Understatningsstruktur (300} til en nacelle (1101) til en vindmglle (1100}, hvor
understatningsstrukturen (300) omfatter et hovedfundament (305, 805) og en bageste ramme, der
kun omfatter to bagendebjselker (301, 303, 500), som er forbundet med hovedfundamentet (305,
805) i den ene ende og straekker sig fra hovedfundamentet (305, 805), hvor hovedfundamentet
(305, 805) og hver af de kun to bagendebjeelker (301, 303, 500) ved hjeelp af et enkelt
forbindelsesarrangement (307, 311, 511, 800, 900, 1000) er forbundet i et forbindelsesomrade
(309, 313, 801),

hvor forbindelsesarrangementet (307, 311, 511, 800, 900, 1000} omfatter mindst ét krumt
afsnit med et krumt menster af forbindelseselementer (1005), saledes at en last pa
forbindelsesomradet (309, 313, 801) fordeles inden i forbindelsesarrangementet (307, 311, 511,
800, 900, 1000).

2. Understatningsstruktur (300) ifglge krav 1,

hvor forbindelseselementerne (1005) er valgt blandt bolte, svejsninger, cylindriske stifter,

nitter eller en kombination heraf.
3. Understatningsstruktur (300} ifalge krav 1 eller 2,

hvor forbindelseselementer (1005) i et forste afsnit (1001) af forbindelsesarrangementet
(307,311, 511, 800, 900, 1000) er lokaliseret teettere pa hinanden end forbindelseselementer
(1005) i et andet afsnit (1003) af forbindelsesarrangementet (307, 311, 511, 800, 900, 1000).

4. Understatningsstruktur (300) ifelge et hvilket som helst af de foregaende krav,

hvor forbindelsesarrangementet (307, 311, 511, 800, 900, 1000) har en form, der mindst

delvist er oval eller cirkulzer.
5. Understatningsstruktur (300) ifelge et hvilket som helst af de foregaende krav,

hvor forbindelsesarrangementet (307, 311, 511, 800, 900, 1000) straekker sig i en

lzengderetning af den bageste ramme.
6. Understatningsstruktur (300) ifelge et hvilket som helst af de foregaende krav,

hvor hver af bagendebjeelkerne (301, 303, 500) omfatter ét eller flere J-formede lag (501,
503).

7. Understatningsstruktur (300} ifalge krav 6,

hvor flanger, som skal patrykkes ved hjaelp af tryklaster af de mindst to J-formede lag
(501, 503), i tilfeelde af at hver af bagendebjaelkerne (301, 303, 500) omfatter mindst to J-formede
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lag (501, 503), mindst delvist har sterre tvaersnitarealer end flanger af de mindst to J-formede lag
(501, 503), som skal patrykkes ved hjeelp af spaendingslaster.

8. Understatningsstruktur (300) ifelge krav 7,

hvor der i forbindelsesomradet (309, 313, 801) er anbragt mindst ét

forsteerkningselement, der tildeekker mindst ét afsnit af forbindelsesomradet (309, 313, 801).

9. Vindmglle (1100) med en understatningsstruktur (300) ifalge et hvilket som helst af
kravene 1 til 8.

10. Fremgangsmade (1200} til etablering af forbindelse mellem en bageste ramme og et
hovedfundament (305, 805) i en understatningsstruktur (300) ifalge et hvilket som helst af kravene
1 til 8, hvor den bageste ramme kun omfatter to bagendebjselker (301, 303, 500}, hvilken
fremgangsmade omfatter falgende trin:

- justering (1201), i forhold til hovedfundamentet (305, 805), af hver af bagendebjeelkerne
(301, 303, 500) i et forbindelsesomrade (309, 313, 801),

- etablering af forbindelse (1203) mellem hver af bagendebjeelkerne (301, 303, 500) og
hovedfundamentet (305, 805) i forbindelsesomradet (309, 313, 801) ved hjeelp af et enkelt
forbindelsesarrangement (307, 311, 511, 800, 900, 1000),

hvor forbindelsesarrangementet (307, 311, 511, 800, 900, 1000} omfatter mindst ét krumt
afsnit med et krumt mgnster af forbindelseselementer (1005), saledes at en last pa
forbindelsesomradet fordeles inden i forbindelsesarrangementet (307, 311, 511, 800, 900, 1000).
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DRAWINGS

Drawing
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