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DESCRIPTION

[0001] The invention relates to an improved flange in a wind turbine.

[0002] A wind turbine comprises a rotor, a nacelle and a tower. The rotor comprises rotor
blades and a rotor hub.

[0003] The wind interacts with the rotor blades and rotates the rotor of the wind turbine. The
rotor is connected to an electric generator. The rotation is transferred to the electric generator
and the rotational energy is transferred into electric energy in the electric generator.

[0004] The rotor is connected to the electric generator. The electric generator is connected to
a support structure in the nacelle. The nacelle is connected to the tower of the wind turbine.
Flanges are used to establish connections between different parts of the wind turbine, for
example between the rotor of the electric generator and the hub, or between the stationary
part of the electric generator and a support structure of a direct driven wind turbine.

[0005] US 2010/0307097 A1 discloses a structural flange connection system and method that
utilizes structural flanges having a standard bolted connection and a mechanical bond to
effectively manage and assist the retention of bolt preloads and substantially eliminate
movement between flange faces due to a reduction in the need for friction load being
generated by the bolt clamping forces in the flange connection.

[0006] Due to the weight of the components of a wind turbine, and due to the loads induced
into the wind turbine by the wind, static loads and varying loads need to be transferred over the
flange connections in the wind turbine.

[0007] These loads lead to forces acting on the flange connection and the flanges. The
flanges comprise holes that are used with connection means, like bolts or rivets, when the
flanges are connected.

[0008] The forces acting on the flange connection lead to stress in the area of the holes and
the connection means. The stress at the holes and connection means leads to fatigue, to a

reduction of the durability, and thus to a reduction of the lifetime of the flange connection.

[0009] A reduction in lifetime is unwanted and thus the stress at the holes and the connection
means of the flanges in the wind turbine needs to be reduced.

[0010] The aim of the invention is therefore to provide an improved flange connection.

[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 flange of a wind turbine is disclosed, whereby the flange comprises a flange plate
that is connected to a part of the wind turbine. The flange plate and the part of the wind turbine
are connected via an edge to form an L-shaped flange. The flange plate comprises a
connection side to be detachable connected to a counterpart. The flange plate comprises a
plurality of holes to be used with connection means when the flange is connected to the
counterpart.

[0013] A recess is arranged in the surface of the connection side between the edge of the
flange plate and the plurality of holes, to reduce fatigue loads in the area of the holes of the
flange plate.

[0014] A flange of a wind turbine is a part of the connection between the generator and the
stationary support structure of a direct driven wind turbine, for example. The flange can also be
a part of the connection between the rotor hub of the wind turbine and the generator.

[0015] The flange comprises a flange plate. The flange plate comprises a side that is
connected to a counterpart to form a flange connection.

[0016] The flange plate is connected to a part of the wind turbine over an edge. The
connection at the edge shows an L-shaped form in a longitudinal cut through the flange
connection. The longitudinal cut is performed vertical to the side used to form the flange
connection.

[0017] The flange plate comprises a plurality of holes. The holes are used to connect the
flange to a counterpart by bolts. The connection between the flange and the counterpart is a
fixed but detachable connection. The connected flange and the counterpart form the flange
connection.

[0018] The holes are located in the surface of the flange plate with a certain distance to the
edge at the connection to the part of the wind turbine.

[0019] During the operation of the wind turbine loads are transferred over the flange
connection. These lead to forces acting on the flange connection that pull at the flange
connection and thus tend to open the flange connection. Thus a gap is forming between the
flange plate and the counterpart.

[0020] These forces are acting on the bolts of the flange connection. Thus the loads within the
flange plate are highest in the area of the holes for the bolts. Loads in the flange plate lead to
fatigue in the material. This reduces the life-time of the flange connection.

[0021] A recess is introduced in the surface of the connection side of the flange plate. The
recess is located between the edge where the flange plate is connected to the part of the wind
turbine and the holes in the flange plate.
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[0022] The recess changes the distribution of the forces acting on the bolts in the flange
connection. The forces acting on the bolts in the area of the recess are reduced. Thus also the
loads in the area of the bolt holes are reduced.

[0023] Thus the fatigue in the flange plate is reduced. Thus the lifetime of the flange
connection is increased.

[0024] Due to the recess, the thickness of the material of the flange plate is reduced. Thus
high loads in the flange plate are transformed into a flexible deformation of the flange plate.
Thus the flange connection is allowed to open in the areas of the recess. Thus peaks in loads,
especially in rapidly changing load situations, are alleviated. Thus the peak loads in the area of

the holes in the flange plate are reduced.

[0025] The recess leads along the surface of the connection side of the flange plate between
the edge and the holes.

[0026] Loads and forces are induced into the flange over the edge of the flange.
[0027] The length between the edge of the flange and the holes of the flange acts like a lever.

[0028] The maximum of the loads occurs in the area of the bolt holes, when the flange
connection is established through bolts.

[0029] The recess leads along the surface of the connection side. The recess comprises a
longish shape and is oriented in a way to lead along the surface between the edge and the

holes.

[0030] Thus the recess can also extend along the surface between the edge and more than
one of the holes.

[0031] Thus the stress in several holes is reduced by one recess.

[0032] The recess can be planned to have a length to optimize the level of stress in several
bolt holes of the flange plate.

[0033] Thus the load, and thus the fatigue, in the holes can be equalized.
[0034] Thus the lifetime of the flange plate is optimized.
[0035] The cross-section of the recess is mainly half circular-shaped.

[0036] Thus the recess comprises a smooth surface, and there are no sharp edges present in
the recess that lead along the length of the recess.
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[0037] Sharp edges, especially inner edges, lead to a concentration of loads in the area of the
edge. The material of the flange would suffer from fatigue primarily in the area of a sharp inner
edge.

[0038] By avoiding a sharp edge, the concentration of loads and thus the weakening of the
structure due to fatigue at a certain spot are reduced.

[0039] The recess is arranged in a zig-zag pattern in the surface of the connection side.

[0040] The recess leads in a zig-zag shaped pattern along the surface of the flange. Thus
maxima of forces that might occur at the edge of the recess are distributed over area with a
different distance to the edge of the flange.

[0041] Thus the risk of damaged occurring due to maxima of forces at the recess of the flange
is distributed over a larger are of the surface. Thus the risk of fatigue of the flange is locally
reduced.

[0042] The recess is arranged in a wave-pattern in the surface of the connection side.

[0043] A wave pattern shows no sharp edges in its shape. Thus the distribution of forces is
more even. Thus maxima of loads and forces at edges are avoided.

[0044] The zig-zag pattern or the wave-pattern of the recess is arranged in a way that the
parts of the recess arranged between a hole and the edge of the flange are located closer to
the edge of the flange, then the parts of the recess arranged between two adjacent holes and
the edge of the flange, so that the recess shows a mainly constant distance to the holes.

[0045] The recess in the surface of the connection side of the flange is located with a certain
distance to the holes in the flange, that are used by bolts to connect the flange connection.

[0046] The recess is arranged along the surface as a zig-zag pattern or as a wave-pattern.
The pattern is arranged in relation to the holes of the flange in a way that the recess is located

with a mainly constant distance to the holes.

[0047] Maxima of loads and thus of fatigue might occur at a spot of minimum distance
between the recess and a hole in the flange.

[0048] Thus maxima of loads at single bolt holes are avoided.

[0049] The flange is a circular flange, whereby the surface of the connection side is ring-
shaped, and the recess leads along a certain predetermined part of the ring shaped surface.

[0050] Flanges that connect rotatable parts are often circular shaped flanges. High fatigue
loads in the area of the bolt holes occur along a certain area of the flange. This area can be a
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certain sector along the circular flange.

[0051] To reduce the loads and fatigue in this sector, the recess leads along the sector, so
along a certain predetermined part of the ring shaped surface of the flange.

[0052] The recess comprises a first end and a second end, and that the ends of the recess
point towards the edge of the flange and away from the holes.

[0053] The end of the recess is the area where the influence of the recess on the distribution
of the forces in the flange ends.

[0054] Maxima of loads might occur at the ends of the recess. The maxima are reduced,
when the ends of the recess are in an area of the recess that points away from a hole.

[0055] Thus the risk of additional maxima of loads and thus a higher fatigue at the bolt hole
close to the end of the recess is reduced.

[0056] The recess is arranged in an area of the connection side where a maximum of force is
induced into the flange during the operation of the wind turbine.

[0057] Thus the maximum of the forces leading to fatigue in the area of the bolt holes are
reduced.

[0058] Thus the maximum of the fatigue in the area of the bolt holes is reduced.
[0059] The connection side of the flange is arranged mainly vertical during the operation of
the wind turbine and that at least one recess is arranged in the upper area of the connection

side of the flange.

[0060] The rotational axis of the flange connection is arranged mainly horizontal, thus the
plane of the flange connection is arranged mainly vertical.

[0061] The forces transferred over the flange connection during the operation of the wind
turbine are axial forces, radial forces, and tilting moments.

[0062] Thus the forces acting on the flange that tend to open the flange connection are
highest in the upper area of the flange connection.

[0063] The recess is arranged in the upper area of the connection, thus the forces present in
the upper area of the flange connection are reduced.

[0064] Thus the forces that tend to open the flange connection, and thus are extremely
relevant for the fatigue in the area of the bolt holes, are reduced.
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[0065] A use of a flange in a direct driven wind turbine is disclosed.

[0066] In a direct driven wind turbine the rotation of the rotor hub with the rotor blades is
directly transferred to the rotor of the electrical generator without the use of an gear.

[0067] Thus the rotor of the wind turbine is attached to the rotor of the electric generator.
Connections between rotatable parts are established by flanges.

[0068] Also the stationary part of the generator is attached to the support structure of the wind
turbine. This connection is also established by a flange.

[0069] The flanges experience the loads transferred from the rotor to the generator, or the
loads transferred from the stationary part of the generator to the support structure of the wind
turbine.

[0070] The flange according to this description experiences less fatigue in the area of the bolt
holes. Thus the life-time of the flange is increased. Thus the costs for service and replacement
of parts are reduced.

[0071] The flange is a flange of the support structure of the nacelle of the wind turbine, and
the flange is used to connect the electric generator to the support structure.

[0072] Thus fatigue loads in the flange of an electric generator of a wind turbine or in a
support structure of the wind turbine are reduced. Thus the live-time and reliability of the parts
of the wind turbine is enhanced.

[0073] 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.

FIG1

shows a flange of a wind turbine,
FIG 2

shows a first embodiment of the flange,
FIG 3

shows a cut through the flange,
FIG 4

shows a second embodiment of the flange,
FIGS

shows a third embodiment of the flange,
FIG 6

shows a cut through a wind turbine.

[0074] FIG 1 shows a flange of a wind turbine.
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[0075] FIG 1 shows a flange 1 of a wind turbine. The flange 1 comprises a flange plate 2 that
is connected to a part of the wind turbine 3 over an edge 4.

[0076] The flange plate 2 and the part of the wind turbine 3 form an L-formed flange 1. The
flange plate 2 shows a connection side 5. When the flange 1 is connected to a counterpart, the
connection side 5 is in contact to the counterpart.

[0077] The flange plate 2 comprises a plurality of holes 6 to be used with connection means.
The connection means are used to connect the flange 1 to a counterpart.

[0078] During the operation of the wind turbine forces are transferred from the counterpart to
the flange 1. These forces can be axial forces, radial forces, tilting moments and also the
weight of the rotor and the generator of the wind turbine.

[0079] The forces that are transferred from the counterpart into the flange 1 lead to high loads
in the area of the holes 6.

[0080] A recess 7 is present in the surface of the connection side 5. The recess 7 shows a
zig-zag-shaped pattern.

[0081] As it can be seen in the cut through the flange 1, the shape of the cross-cut through
the recess 7 is mainly half-circular shaped.

[0082] The recess 7 is arranged along the surface of the connection side 5 in the area
between the holes 6 and the edge 4.

[0083] FIG 2 shows a first embodiment of the flange.

[0084] FIG 2 shows the first embodiment of the flange 1. The flange 1 comprises a flange
plate 2. The flange plate 2 comprises a connection side 5. The connection side 5 is later
connected to a counterpart of the flange 1.

[0085] The flange plate 2 is connected to a part of the wind turbine over an edge 4. The
flange plate 2 shows a plurality of holes 6 to be used with connection means and to connect

the flange 1 to a counterpart.

[0086] The connection side 5 of the flange plate 2 comprises a recess 7. The recess 7 leads
along the surface of the connection side 5 in the area between the hole 6 and the edge 4.

[0087] A cut lll-1ll through the flange 1 can be seen in FIG 3.

[0088] FIG 3 shows a cut through the flange.
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[0089] FIG 3 shows a cut llI-lll through the flange 1. The flange 1 comprises a flange plate 2
that is connected to a part 3 of the wind turbine over an edge 4. The part 3 of the wind turbine
and the flange plate 2 form an L-shaped flange 1.

[0090] The flange plate 2 comprises a plurality of holes 6 to connect the flange 1 to a
counterpart with connection means. The flange plate 2 comprises a connection side 5 that is in
contact to the counterpart of the flange 1 when the flange 1 is connected to a counterpart.

[0091] In the surface of the connection side 5, in the area between the hole 6 and the edge 4,
a recess 7 can be seen. The recess shows a half circular-shaped form in the cross-cut seen in
FIG 3.

[0092] FIG 4 shows a second embodiment of the flange.

[0093] FIG 4 shows a second embodiment of the flange 1. The flange 1 comprises a flange
plate 2. A plurality of holes 6 is present in the flange plate 2. The flange plate 2 comprises a
connection side 5 to be connected to a counter part of the flange 1.

[0094] The flange plate 2 is connected to a part of the wind turbine over an edge 4.

[0095] Arecess 7 can be seen in the surface of the connection side 5. The recess 7 shows a
zig-zag-shaped pattern and leads along the surface of the connection side 5.

[0096] The recess 7 is arranged in the area between the holes 6 of the flange plate 2 and the
edge 4. The distance 8 between the recess 7 and the edge 4 is smaller in the area between a
hole 6 and the edge 4 than it is in the area between two holes 6 and the edge 4.

[0097] There, the distance 9 between the recess 7 and the edge 4 is bigger than the distance
8. The distance between two holes is the distance 10.

[0098] Thus, the recess 7 is arranged in the surface of the connection side 5 in a way that the
distance between the holes 6 and the recess 7 is mainly constant.

[0099] FIG 5 shows a third embodiment of the flange.

[0100] FIG 5 shows a third embodiment of the flange 1. The flange 1 comprises a flange plate
2 that is connected over an edge 4 to a part of the wind turbine.

[0101] The flange plate 2 comprises a plurality of holes to be used with connection means to
connect the flange 1 to a counterpart. The flange plate 2 shows a connection side 5. Arecess
7 is arranged in the surface of the connection side 5 in the area between the plurality of holes
6 and the edge 4.

[0102] In this embodiment, the recess 7 shows the form of a wave. The wave-shaped recess



DK/EP 2937556 T3

7 leads along the surface of the connection side 5 of the flange plate 2 in a way that the
distance between the holes 6 and the recess 7 is mainly constant.

[0103] FIG 6 shows a cut through a wind turbine.

[0104] FIG 6 shows a cut through a wind turbine, the wind turbine comprises a tower 11 and a
support structure 12. An electric generator 13 is connected to the support structure 12. A
flange 1 is used to connect the electric generator 13 to the support structure 12.

[0105] The support structure 12 is a part 3 of a wind turbine. The flange 1 is connected to the
counter part by the use of connection means 14.

[0106] Forces are transferred from the generator 13 to the support structure 12 and to the
tower 11. These forces can be axial forces, radial forces or tilting moments.

[0107] In addition, the support structure 12 supports the weight of the generator 13 and of the
rotor of the wind turbine. The forces are transferred over the flange connection comprising the
flange 1.

[0108] 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.

[0109] 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.

[0110] 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. Flange (1) af en vindmglle

- hvor flangen (1) omfatter en flangeplade (2), som er forbundet med en del
(3) af vindmgllen,

- hvor flangepladen (2) og delen (3) af vindmgllen er forbundet via en kant (4)
for at danne en L-formet flange (1),

- hvor flangepladen (2) omfatter en forbindelsesside (5), som lgsbart skal
forbindes med et modstykke,

- hvor flangepladen (2) omfatter en flerhed af huller (6), der skal anvendes
med forbindelsesmidler (14), nar flangen (1) er forbundet med modstykket,

- hvor en reces (7) er anbragt i overfladen af forbindelsessiden (5) mellem
kanten (4) af flangepladen (2) og flerheden af huller (6),

kendetegnet ved, at recessen er til stede i benet af den L-formede flange (1)
og séledes i delen af flangepladen, som rager ud over vindmgllens del (3),
saledes at afstanden mellem kanten og recessen er storre end tykkelsen af
vindmgllens del (3), hvor tykkelsen af materialet af flangepladen er reduceret
af recessen for at muliggere en fleksibel deformation af flangepladen ved
hgje belastninger, saledes at en flangeforbindelse kan abne sig i omradet
ved recessen for at reducere udmattelsesbelastninger i omradet ved hullerne
(6) af flangepladen (2).

2. Flange (1) ifolge krav 1, kendetegnet ved, at recessen (7) gar langs over-
fladen af forbindelsessiden (5) af flangepladen (2) mellem kanten (4) og hul-
lerne (6).

3. Flange (1) ifolge krav 2, kendetegnet ved, at tvaersnittet af recessen (7)
er i det veesentlige halvcirkelformet.

4. Flange (1) ifolge et af kravene 2 eller 3, kendetegnet ved, at recessen (7)
er anbragt i et siksakmgnster i overfladen af forbindelsessiden (5).

5. Flange (1) ifglge et af kravene 2 til 3, kendetegnet ved, at recessen (7) er
anbragt i et balgemgnster i overfladen af forbindelsessiden (5).
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6. Flange (1) ifelge et af kravene 4 eller 5, kendetegnet ved, at siksak-
monsteret eller balgemansteret af recessen (7) er anbragt pa en saddan ma-
de, at delene af recessen (7), som er anbragt mellem et hul (6) og kanten (4)
af flangen (1), er anbragt neermere ved kanten (4) af flangen (1) end delene
af recessen (7), som er anbragt mellem to naboliggende huller (6) og kanten
(4) af flangen (1), séledes at recessen (7) viser en i det vaesentlige konstant
afstand til hullerne (6).

7. Flange (1) ifolge et af de foregdende krav, kendetegnet ved, at flangen
(1) er en cirkuleer flange, hvor overfladen af forbindelsessiden (5) er ringfor-
met, og recessen (7) gar langs en bestemt foruddefineret del af den ringfor-
mede overflade.

8. Flange (1) ifolge et af kravene 4 til 7, kendetegnet ved, at recessen (7)
omfatter en fgrste ende og en anden ende, og at enderne af recessen (7)
peger mod kanten (4) af flangen (1) og veaek fra hullerne (6).

9. Flange (1) ifglge et af de foregaende krav, kendetegnet ved, at recessen
(7) er anbragt i et omrade af forbindelsessiden (5), hvor et maksimum af kraft
ledes ind i flangen (1) under driften af vindmellen.

10. Flange (1) ifolge et af de foregadende krav, kendetegnet ved, at
forbindelsessiden (5) af flangen (1) er anbragt i det vaesentlige vertikalt under
driften af vindmgllen, og at mindst en reces (7) er anbragt i det gvre omrade
af forbindelsessiden (5) af flangen (1).

11. Anvendelse af en flange (1) ifolge et af de foregaende krav i en direkte
drevet vindmolle.

12. Anvendelse af en flange (1) ifglge krav 11, hvor flangen (1) er en flange
af stottekonstruktionen (12) af vindmellens nacelle, og flangen (1) anvendes
til at forbinde den elektriske generator (13) med staottekonstruktionen (12).
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