19 DANMARK (10 DK/EP 2657519 T3

(12) Oversaettelse af
europaeisk patentskrift

Patent-og
Varamaerkestyrelsen

(51) Int.Cl.: F 03D 11/02 (2006.01) F03 D 11/00 (2006.01)
(45) Oversaettelsen bekendtgjort den: 2015-09-07

(80) Dato for Den Europaeiske Patentmyndigheds
bekendigorelse om meddelelse af patentet: 2015-06-17

(86) Europaeisk ansggning nr.: 12165721.7
(86) Europzeisk indleveringsdag: 2012-04-26
(87) Den europaeiske ansggnings publiceringsdag: 2013-10-30

(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE Sl SK SM TR

(73) Patenthaver: Siemens Aktiengesellschaft, Wittelsbacherplatz 2, 80333 Miinchen, Tyskland
(72) Opfinder: Ebbesen, Henning, Gasdalvej 23, 6900 Skjern, Danmark
(74) Fuldmeegtig i Danmark: Zacco Denmark A/S, Arne Jacobsens Allé 15, 2300 Kebenhavn S, Danmark
(54) Benaevnelse: Vindmolle
(56) Fremdragne publikationer:
WO-A2-2011/076795
DE-B3-102004 030 929

US-A- 4757 211
US-A1- 2010 296 763



DK/EP 2657519 T3



DK/EP 2657519 T3
DESCRIPTION

[0001] The invention relates to a wind turbine with a stationary main shaft arranged within a nacelle of the wind turbine, a rotor
hub comprising a hollow shell defining an interior and a plurality of rotor blades extending radially outwards from the rotor hub,
wherein the rotor hub is rotatably mounted to the stationary main shaft via at least one bearing, wherein the at least one bearing
is arranged within the interior of the rotor hub and connected to a section of the main shaft protruding into the interior of the rotor
hub.

[0002] Wind turbines typically comprise a nacelle arranged on top of a tower of the wind turbine. A main shaft is stationary
arranged within the nacelle that rotatably mounts a rotor hub with a plurality of rotor blades via a main bearing. The main bearing
may be arranged as a tapered bearing capable of supporting axial and radial loads. Typically, the main bearing is arranged
between an end of the main shaft facing the rotor hub and mounting means arranged on an outer surface of the rotor hub, in
particular flanges.

[0003] Arrangements for rotatably mounting the rotor hub to the main shaft utilising more than one bearing are also known. WO
2011/071378 A2 describes a wind turbine with a rotor hub firmly connected to a tube member that has two tapered roller bearings
for rotatably mounting the rotor hub to the main shaft. The two tapered roller bearings are located relatively close to each other,
so that both bearings carry a part of the total weight of rotating parts of the wind turbine.

[0004] WO 2011/076795 A2 describes a rotor hub for a wind turbine that is made from two or more moulded hub parts that form,
when assembled, a hollow shell. Each hub part comprises at least a section of the blade bearing flange adapted to be connected
to one of the rotor blades of the wind turbines. Furthermore, each hub part comprises at least a connecting portion that is either
adapted to be connected to a corresponding connecting portion of another hub part or to be attached to a stiffening element that
provides the hub part with additional stability. In the latter case, the stiffening element extends radial inwards into an interior
defined by the hollow shell when assembled. The rotor hub is rotably mounted to the main shaft via a bearing that is attached to a
main shaft flange arranged on an outer surface of the hollow shell.

[0005] US 2010/0296763 A1 discloses a wind power plant having a rotor supporting rotor blades. The rotor hub of the rotor is
rotatably supported by means of a roller bearing being supported on a hollow shaft, whereby both the roller bearing and the
hollow shaft are axally inserted into the rotor hub. The connection of the roller bearing to the rotor hub forms a bearing
arrangement.

[0006] Wind turbines may be directly or indirectly driven. Directly driven wind turbines transfer the torque generated by wind
passing over the rotor blades directly to a rotor of a generator that is rotatably arranged with respect to a stator of a wind turbine.
Electric power is generated by magnetic induction. Generators capable of converting mechanical energy into electrical power are
well established in the state of art. Indirectly driven wind turbines comprise a gear box or a transmission arranged between the
rotating rotor hub and the rotor of the generator allowing for an adjustment of the angular velocity of the rotor with respect to the
stator.

[0007] With the recent development of constructing larger wind turbines capable of generating electrical power of more than 6
MW, rotor hubs and rotor blades have significantly increased in size. Consequently, the bearing rotatably mounting the rotor hub
has to support bigger loads. Even today, the bearing is a major cost driver when constructing wind turbines.

[0008] It is thus an object of the present invention to provide a wind turbine, in particular a directly driven wind turbine, with an
improved arrangement of the at least one bearing with respect to the rotor hub and the main shaft so that, in particular, the load
on the at least one bearing is reduced.

[0009] According to the invention, the object is achieved by a wind turbine according to claim 1.

[0010] The key idea of the present invention is to place the at least one bearing substantially supporting the weight of rotating
parts of the wind turbine as close to the centre of mass of the rotating parts as possible. This reduces static and dynamic bending
moments exerted on the at least one bearing, so that, in particular, load of the at least one bearing is reduced. As an additional
advantage, requirements on the bearing relating to the capability of supporting axial loads are reduced. This allows for a use of
alternative bearings that are in expensive to produce or for a construction of larger wind turbines capable of generating an
increased output of electrical power even with the bearings that are readily available.

[0011] In the context of the specification, the rotating parts of the wind turbine are defined as the rotor hub and all parts firmly
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attached to the rotor hub. Thus, in the case of a directly-driven wind turbine, the rotating parts include the rotor hub, the rotor
blades, a rotor firmly connected to the rotor hub and a spinner cover covering the rotor hub. In the case of an indirectly-driven
wind turbine, the rotor of the generator is connected to the rotor hub via an intermediate gear box or transmission. Thus, in the
latter case, the rotor is not considered as a rotating part in the meaning of this definition.

[0012] The at least one bearing has an angular structure defining a vertical plane that is arranged perpendicularly to an axis of
rotation substantially defined by the main shaft of the wind turbine. Typically, the centre of a mass of rotating components is
located within the rotor hub and on the axis of rotation. Arrangement of the at least one bearing within the rotor hub thus ensures
that the vertical plane defined by the bearing is located in proximity of the centre of mass of the rotating parts so that shear forces
acting on the at least one bearing during operation of the wind turbine are reduced.

[0013] The distance of the vertical plane defined by the at least one bearing from the centre of mass in an axial direction parallel
to the axis of rotation is preferably less than one meter, most preferably less than 0,5 meters. However, it is understood that
specific values for the distance of the centre of mass with respect to the vertical plane defined by the at least one bearing depend
on the size of the actual wind turbine. Larger wind turbines having large rotor hubs with heavy rotor blades attached thereto may
require the at least one bearing supporting the weight of the rotating parts even closer to the centre of mass.

[0014] According to the invention, an outer ring of the at least one bearing is integral with an annular member of the rotor hub
protruding inwards into the interior of the rotor hub. The outer ring is rotatably arranged relative to an inner ring of the at least
one bearing. The inner ring is firmly connected to the section of the main shaft protruding into the interior of the rotor hub. The
annular member provides sufficient stability so that the rotor hub is securely mounted to the main shaft.

[0015] The outer ring may have a circular shape or, in the case when the at least one bearing is arranged as a hydrodynamic or
journal bearing, an elliptical cross-section. In the latter case, the clearance is decreased in one direction and increased in another
direction perpendicular thereto. Alternatively, the outer ring may have grooves or the like that allow for, similar to the arrangement
of the outer ring with the elliptical shape, deposition of lubricants, in particular oil.

[0016] It is preferred that the at least one bearing is arranged within the rotor hub close to the centre of mass so that a static
bending exerted on the bearing by the weight of the rotating parts is less than 1.500 KNm, even more preferably less than 1.000
KNm, most preferably less than 500 KNm.

[0017] It is suggested to configure the at least one bearing as a radial and/or thrust bearing capable of supporting axial and/or
radial loads. In some embodiments of the invention, the rotor hub is rotatably supported by more than one bearing that may
exhibit different types of construction. Arrangement of the at least one bearing close to the centre of mass of the rotating parts
relieves requirements relating to the type of bearing suitable for use in wind turbines. In particular, journal bearings haven't been
considered appropriate for supporting large and heavy rotor hubs in conjunction with the recent development of constructing
bigger wind turbines, in particular wind turbines that are capable of generating an output of more than 10 MW, prior this invention.
Journal bearings are generally inexpensive to manufacture and may be considered for mounting the rotor hub to the main shaft
when arranging the bearing close to the centre of mass, as load and bending moments are reduced.

[0018] Preferably, the wind turbine is directly driven. The rotor of the generator of the wind turbine is firmly attached to the rotor
hub so that the rotor jointly rotates with the rotor hub during operation of the wind turbine. The stator of the generator is attached
to the main shaft. The stator is arranged adjacent to the rotor comprising an arrangement of permanent magnets, so that an
electric current is generated by means of induction when the wind turbine is in use. Directly driven wind turbines feature an
increased robustness which results in a reduced demand for maintenance. As a consequence, directly driven wind turbines may
preferably be used in remote locations such as offshore wind parks.

[0019] According to various embodiments of the invention, the at least one bearing is a ball bearing, roller bearing, tapered roller
bearing, sliding bearing, journal bearing, hydrodynamic bearing, hydrostatic bearing or hybrid bearing. A hybrid bearing is a
combination of a hydrostatic and a hydrodynamic bearing. Hydrostatic bearings are usually pressurised by an external pump,
whereas fluid pressure in hydrodynamic bearings is provided by dynamical effects during operation. In embodiments using more
than one bearing for mounting the rotor hub to the main shaft, different types of bearings may be used. In particular, one of the
bearings may be arranged as a roller bearing and a second bearing may be arranged as a sliding bearing. Moreover, in the case
when multiple bearings for mounting the rotor hub are provided, the different bearings may be configured for supporting loads in
different directions. In particular, one of the bearings may be configured as an axial bearing and another of the bearings may be
configured as a radial bearing. However, the scope of the present invention is not limited to these aforementioned examples and
different combinations of bearings may be utilised so that the axial and the radial load exerted on the bearings by the rotating
parts is sufficiently accounted for.
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[0020] The wind turbine is preferably configured in a manner that the centre of mass of the rotating parts, which include the rotor
hub and the parts of the wind turbine that are firmly attached to the rotor hub, is located in the vertical plane defined by the at
least one bearing mounting the rotor hub to the main shaft. The vertical plane extends perpendicular to the axis of rotation
defined by the main shaft. It is understood that manufacture tolerances have to be appropriately accounted for when determining
the location of the centre of mass of the rotating parts and/or the extension of the vertical plane defined by the at least one
bearing. Thus, even in the embodiment in which the centre of mass of the rotating part is located in the vertical plane, a tolerance
5 to 45 cm or more, depending on the size of the wind turbine, has to be considered. Arrangement of the at least one bearing
substantially around the centre of mass of the rotating parts minimises friction and load so that the wind turbine may operate with
high efficiency for prolonged periods without maintenance.

[0021] According to preferred embodiments of the invention, the rotor hub is rotatably mounted to the main shaft via at least two
bearings, wherein at least one of the bearings is located in the interior of the rotor hub close to the centre of mass of rotating
parts. This allows for a distribution of the load among several bearings. The individual bearings may be adapted to support a load
in one or more directions. According to a preferred embodiment, the bearing located closer to the centre of mass of the rotating
parts is arranged as a double tapered rolling bearing. A second bearing is located further away from the centre of mass and is
configured as a radial ball bearings. However, other combinations of bearings may be provided, in particular including radial, axial
and/or thrust bearings configured as sliding bearings, journal bearings, ball bearing, roller bearings and the like.

[0022] Accordingly, it is suggested to arrange the at least two bearings within the interior of the rotor hub. According to a
preferred embodiment, the at least two bearings are located in the interior of the rotor hub, wherein each bearing defines a
vertical plane perpendicular to the axis of rotation. The bearings are arranged so that the centre of mass of the rotating parts is
located between the vertical planes defined by the bearings.

[0023] The bearings located inside the rotor hub may be configured to support different kinds of load. In particular, one of the
bearings may be arranged as a pure radial bearing and the other of the bearings may be arranged as a pure thrust bearing
capable of supporting loads only in the axial direction. However, other combinations of bearings described herein before may be
used.

[0024] In embodiments using more than one bearing for mounting the rotor hub to the main shaft, it is preferred that at least one
of the bearings is configured to support at least an axial load and another of the at least two bearings is configured to support at
least a radial load. However, each of the at least two bearings may also be configured to support both an axial and a radial load,
such as a tapered bearing, in particular a tapered roller or a journal bearing.

[0025] The invention further relates to a rotor hub for a wind turbine as described hereinbefore. The rotor hub is adapted to be
connected to a plurality of rotor blades, in particular via mounting means arranged as blade bearing flanges. The rotor hub
comprises a hollow shell that defines an interior. At least one annular member that is integral part of a bearing adapted to
rotatably mount the rotor hub to the stationary main shaft of the wind turbine protrudes inwards into the interior of the rotor hub so
that the bearing may be arranged close to the centre of mass of rotating parts when the wind turbine is assembled.

[0026] According to the invention, the annular member is an integral part of the bearing itself, in particular an outer ring of the
bearing that is rotatably arranged relative to an inner ring of the bearing. As defined herein before, the rotating parts of the wind
turbine comprise all parts firmly connected to the rotor hub and the rotor hub itself.

[0027] In one embodiment of the invention, the at least one annular member extends radial inwards from an inner surface of the
shell. The annular member is thus substantially arranged as a ring. Preferably, the annular member is located within the interior at
a position so as to be circumferentially arranged around the centre of mass of the rotating parts when the wind turbine is
assembled. The annular member provides a structure of sufficient stability so that the bearing may be securely attached to the
annular member.

[0028] In particular in embodiments comprising a single bearing for mounting a rotor hub to the main shaft, the annular member
may be arranged with the outer ring of the bearing as one piece.

[0029] In an alternative embodiment of the invention, the at least one annular member extends axially inwards into the interior
from a side of the shell configured to face, when the wind turbine is assembled, the main shaft of the wind turbine. When the wind
turbine is assembled, the bearing is attached to the annular member and thus located within the interior of the rotor hub close to
the centre of mass of the rotating parts. Consequently, bending forces exerted on the bearing are minimised when the wind
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turbine is in operation.

[0030] The annular member is preferably an annular flange integral with the shell of the rotor hub. In particular the annular
flange integral with the shell may be manufactured by means of casting. In an alternative embodiment, the shell of the rotor hub is
assembled from several hub parts, wherein the annular flange is formed from flange sections integral with the hub parts.

[0031] In yet another alternative embodiment, the hollow shell is assembled from at least two hub parts, wherein each hub part
comprises at least a section of the blade bearing flange adapted to be connected to one of the rotor blades and at least a
connecting portion adapted to be connected to the annular member. When the rotor hub is assembled, the connecting portions of
the hub parts connect to the annular member. In one preferred embodiment the hollow shell of the rotor hub is assembled from
two hub parts of similar size. During assembly of the rotor hub the annular member is clamped between the two hub parts and are
attached to the connecting portions of each hub part. The annular member extends circumferentially around a centre of the rotor
hub, so that, when the wind turbine is assembled, the bearing attached to the annular member substantially is located around the
centre of mass of rotating parts of the wind turbine. In an alternative embodiment, the shell of the rotor hub is assembled from six
hub parts, wherein each hub part comprises the connecting portion adapted to be connected to the annular member.

[0032] In yet another embodiment of the invention the rotor hub comprises two annular members, wherein each annular member
is integral with the bearing adapted to rotatably mount the rotor hub of the main shaft. In particular, each annular member may
provide the outer ring of the bearing. The bearing may be configured as a journal bearing, roller bearing or ball bearing.

[0033] In the following, the invention is described in detail with reference to the figures, wherein

fig. 1
shows a front view of components of a wind turbine according to prior art;
fig. 2
shows a sectional view of the components of the wind turbine according to prior art;
fig. 3
shows a sectional view of components of a wind turbine not forming part of the invention including a rotor hub rotatably
mounted to a main shaft;
fig. 4
shows a sectional view of a rotor hub rotatably mounted to a main shaft not forming part of the invention;
fig. 5
shows a sectional view of a rotor hub mounted to a main shaft not forming part of the invention;
fig. 6
shows a sectional view of a rotor hub mounted to a main shaft not forming part of the invention;
fig. 7
illustrates a method for assembling a bearing that rotatably mounts the rotor hub of an embodiment not forming part of the
invention to the main shaft;
fig. 8
shows a perspective view of a rotor hub according to a first embodiment of the invention;
fig. 9
shows a sectional view of the rotor hub according to a first embodiment of the invention;
fig. 10
shows a sectional view of a rotor hub according to a second embodiment of the invention having two bearings positioned
inside the rotor hub;

fig. 11
shows a front view of the rotor hub according to the second embodiment;
fig. 12
shows an isometric view of the rotor hub according to the second embodiment;
fig. 13
shows a sectional view of a first bearing connected to the rotor hub according to the second embodiment;
fig. 14
shows a sectional view of a second bearing connected to the rotor hub according to the second embodiment of the
invention;
fig. 14
shows a sectional view of a rotor hub according to a third embodiment of the invention; and
fig. 15

shows a detailed view of a thrust bearing capable of supporting axial and radial loads.
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[0034] Like reference symbols refer to like parts in all figures.

[0035] Fig. 1 shows a front view of components of a conventional wind turbine 1. Components illustrated in fig. 1 include a rotor
hub 2 having a plurality of openings 3. The rotor hub 2 comprises a hollow shell 4 defining an inner space or interior 5 of the rotor
hub 2. Blade bearing flanges 6 circumferentially extend over a section of each opening 3. The blade bearing flanges 6 provide
mounting means for attaching rotor blades to the rotor hub 2.

[0036] The rotor hub 2 is firmly connected to a rotor 7 of a generator of the wind turbine 1. The rotor 7 comprises a plurality of
permanent magnets and is firmly connected to the rotor hub 2 by an annular support structure 8.

[0037] During operation of the wind turbine 1 the rotor 7 jointly rotates with the rotor hub 2 inducing a current in windings
arranged on a stator 9 of the generator.

[0038] Fig. 2 shows a sectional view of the wind turbine 1 according to prior art. The sectional plane shown in fig. 2 include an
axis of rotation and that is substantially defined by a central axis of a tubular main shaft 11 stationary arranged within a nacelle of
the wind turbine 1. The stator 9 is firmly attached to the main shaft 11 by an auxiliary support structure 12. A single bearing 13
rotatably mounts the rotor hub 2 to the main shaft 11.

[0039] In the example shown in fig. 2, the bearing 13 is configured as a double tapered roller bearing. The bearing 13 comprises
an outer ring 14 and an inner ring 15. Roller 16 are arranged between the tapered wall of the inner ring 15 and the outer ring 14.

[0040] The centre of mass of rotating parts including the rotor hub 2 and components of the wind turbine 1 firmly connected to
the rotor hub 2 such as the rotor blades and the rotor 17 is located somewhere within the interior 5 of the rotor hub 2. Thus, the
bearing 13 is located far away from the centre of mass of the rotating parts. As a consequence, large bending moments are
exerted on the bearing 13 that may arise from the static load caused by the weight of the rotating parts and/or from dynamic
effects during use of the wind turbine 1.

[0041] Fig. 3 shows a sectional view of components of a wind turbine 101 not forming part of the invention. The wind turbine 101
comprises the rotor hub 102 that is rotatably mounted to a main shaft 111 stationary arranged within the nacelle of the wind
turbine 101. During operation, the rotor hub 102 rotates around the axis of rotation 20 that substantially extends parallel to the
main shaft 111.

[0042] Similar to the wind turbine 1 shown in figures 1 and 2, the rotor 7 is firmly connected to the rotor hub 102 by the support
structure 108. Accordingly, the stator 9 is firmly attached to the main shaft 111 by the auxiliary support structure 112. The
configuration of the rotor hub 102 is similar to the rotor hub 2 shown in figures 1 and 2. In particular, the rotor hub 102 comprises
blade bearing flanges 6 arranged around the openings 3 adapted to be firmly connected to rotor blades. The rotor hub 102 has a
hollow shell 104 defining an interior 105 of the rotor hub 102. The main difference of the rotor hub 102 and the conventional rotor
hub 2 according to prior art is an annular member 117 that protrudes inwards into the interior 105 of the rotor hub 102 from the
face of the rotor hub 102 facing the main shaft 111.

[0043] The annular member 117 is configured as an annular flange integral with the rotor hub 102 that protrudes into the interior
105 in a radial and axial direction.

[0044] The annular member 117 is connected to an outer ring 114 of a bearing 113. The bearing 113 rotatably mounts the rotor
hub 102 to the main shaft 111. An inner ring 115 of the bearing 113 is firmly connected to a section 118 of the main shaft 111
protruding into the interior 105 of the rotor hub 102. The bearing 113 is arranged as a double tapered thrust bearing. Rollers (not
illustrated) are arranged between the tapered walls of the inner and outer rings 115, 114. The annular structure of the bearing
113 defines a vertical plane 119 extending perpendicular to the axis of rotation 120.

[0045] An elongated end section 118 of the main shaft 111 together with the annular member 117 protruding into the interior 105
of the rotor hub 102 allows for an arrangement of the bearing 113 closer to the centre of mass of the rotating parts of the wind
turbine 101. In particular, the vertical plane 119 defined by the bearing 113 is located closer to the centre of mass of the rotating
parts so that bending forces exerted on the bearing 113 are reduced.

[0046] Fig. 4 shows components of a wind turbine 101 not forming part of the invention. The wind turbine 101 is constructed and
operates in a similar manner as described herein before with reference to fig. 3.
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[0047] The bearing 113 is located within the interior 105 of the rotor hub 102. Thus, in comparison to the conventional wind
turbine 1, the vertical plane 119 defined by the bearing 113 is displaced in an axial direction so as to be located closer to the
centre of mass of the rotating parts of the wind turbine 101.

[0048] For better comparison, the dimension A of the rotor hub 102 parallel to the axis of rotation 120 is indicated in fig. 4. the
vertical plane 119 defined by the bearing 113 is located within the interior 105 so that the bending moment imposed on the
bearing 113 that is caused by the weight of the rotating parts is minimised. Thus, the lifetime of the bearing 113 is increased.

[0049] Fig. 5 shows a sectional view of the components of the wind turbine 101 not forming part of the invention. The wind
turbine 101 features a displacement of the vertical plane 119 defined by the bearing 113 in an axial direction so as to be located
close to the centre of mass of the rotating parts. The wind turbine 101 exhibits the essential features described herein before with
reference to figs. 3 and 4. The end section 118 of the main shaft 111 has an elongate shape and protrudes into the interior 105
of the rotor hub 102 by an axial distance that almost equals to half of the dimension A of the rotor hub 102. Consequently, the
bearing 113 connected to the section 118 is arranged close to the centre of the interior 105 defined by the hollow shell 104.

[0050] Accordingly, the annular member 117 has corresponding dimensions and protrudes into the interior 105 by a distance
that corresponds to approximately half the axial dimension A of the rotor hub 2. The annular member 117 is configured as a
flange protruding from the face of the rotor hub 102 facing the nacelle side of the wind turbine 101.

[0051] In fig. 5, the rotor hub 102 is rotably mounted to the main shaft 111 via two bearings 113, 121. The bearing 113 is
arranged as a double tapered roller bearing.

[0052] Alternatively the bearing 113 may be arranged as a journal bearing, sliding bearing or ball bearing.

[0053] The second bearing 121 is located within the interior 105 close to the end of the rotor hub 102 facing the main shaft 111.
For comparison, another vertical plane 122 defined by the second bearing 121 is shown in fig. 5.

[0054] The second bearing 121 is, in the exemplary embodiment shown, configured as a pure radial bearing. In particular, the
second bearing 121 is configured as a ball bearing capable of supporting radial loads. The bearing 121 is located between
shoulders 123, 124 that support the bearing 121 in both the axial and the radial direction. A first shoulder 123 is arranged on the
main shaft 111 and a second shoulder 124 supporting the bearing 121 is located on the annular member 117. Fig. 6 shows a
wind turbine 101 not forming part of the invention. The type of construction of the wind turbine 101 according resembles the
embodiment depicted in fig. 5. In particular, the rotor hub 102 is rotatably mounted to the main shaft 111 via two bearings 113,
121. The first bearing 113 is arranged as a double tapered roller or ball bearing. The second bearing 121 is configured as a pure
radial ball bearing. The second bearing 121 is supported from the inside by the first shoulder 123 arranged on the main shaft
111. However, as opposed to the third embodiment shown in fig. 5, the second bearing 121 is arranged outside of the rotor hub
102. The second bearing 121 abuts on the hollow shell 104 defining the interior 105 in a radial direction. For better comparison,
the vertical plane 122 defined by the second bearing 121 and the dimension A of the rotor hub 102 along the axis of rotation 120
are indicated in fig. 6.

[0055] Fig. 7 schematically illustrates a method for assembling the wind turbine 101 according to figures 3 to 6. As the bearing
113 is no longer attached to the generator, it is necessary to firmly to position the generator within the nacelle of the wind turbine
101 before mounting the rotor hub 102.

[0056] According to one embodiment of the invention, temporary mounting is achieved by a flange arranged on the main shaft
111 and a temporary bolt connection. The bolt connection is removed after the rotor hub 102 is mounted.

[0057] In an alternative embodiment, a set of large pointed bolts are used to temporarily affix the rotor 107 to the stator 109. The
bolts may be connected from the outside of the rotor 107 or from the inside of the stator 109. After installation of the rotor hub
102, the bolts are removed so as to allow for a rotation between the rotor 109 and the stator 107.

[0058] As indicated in fig. 7, the main bearing 113 is introduced into the interior 105 of the rotor hub 102 via a central opening
125. The bearing 113 is moved in a direction indicated by an arrow 100. The central opening 125 has a relatively large diameter

so that the bearing 113 may be introduced therein. The opening 125 is reinforced after the bearing 113 has been installed.

[0059] According to one embodiment, the central opening 115 is reinforced with a sandwich construction made from standard
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steel. Alternatively, the central opening 125 may be reinforced with a construction made from carbon fibre or aluminium. In further
development of the invention, it is suggested to use a combination of the afore-mentioned constructions to reinforce the rotor hub
102 for increased stability.

[0060] After the bearing 113 has been connected to both the rotor hub 102 and the main shaft 111, the temporary connecting
means are removed.

[0061] Fig. 8 shows a first embodiment of the invention. The rotor hub 102 of the first embodiment comprises an annular member
117 integral with the shell 104 defining the interior 105 of the rotor hub 102. The annular member 117 is arranged as an annular
flange that protrudes into the interior 105 in the radial direction. The annular member 117 is arranged around a centre of the
rotor hub 104 so that the bearing 113 that rotatably mounts the rotor hub 102 to the main shaft 111 of the wind turbine 101 is
located close to the centre of mass of rotating parts when the wind turbine 101 is assembled.

[0062] Fig. 9 shows the rotor hub 104 according to the first embodiment of the invention in a sectional view. The bearing 113 is
arranged as a journal bearing capable of supporting radial and axal loads, i. e. is configured as a thrust bearing. The annular
member 117 provides an outer ring 114 of the bearing 113 that is slidably arranged with respect to the inner ring 115. To account

for easy assembling, the inner ring 115 is made from a first ring component 126 comprising an L-shaped cross section and a
second ring component 127 that is attached to the first ring component 126. When the first and the second ring components 126,
127 are attached to each other, the inner ring 115 comprises the U-shaped cross section as depicted in fig. 9.

[0063] Several sliding pads 128, 129 are arranged between the inner ring 114 and the outer ring 115. The pads 128, 129 are
circumferentially arranged around the inner ring 115 so as to minimise friction between the inner and the outer ring 115, 114. Two
axial pads 129 configured as rings are attached to opposite sides of the U-shaped structure of the inner ring 115. Additionally, a
ring shaped radial pad 128 is attached to the inner ring 115 that abuts on the outer ring 114 in a radial direction.

[0064] It is understood that the pads 128, 129 do not necessarily have to be designed as rings but may also be arranged as
segments of a ring. Furthermore, the pads 128, 129 may comprise grooves, pockets or the like for deposition of lubrication, in
particular lubricant oil.

[0065] In an alternative embodiment of the invention, the journal bearing 113 comprises an outer ring 114 with an elliptical cross
section that retains the inner ring 115 that has a circular cross section. Lubricant oil may be disposed between the inner and the
outer ring 115, 114 in a section of increased clearance. Journal bearings of this type are well known so that further explanations
are omitted here.

[0066] Figures 10 to 12 show a rotor hub 102 according to a second embodiment of the invention. The rotor hub 102 is rotatably
mounted to the main shaft 111 via two bearings 113, 121 located within the interior 105 of the rotor hub 102. The arrangement is
similar to the embodiment depicted in figures 5 and 6. However, the bearings 113 and 121 are arranged as sliding/journal
bearings. The first bearing 113 is arranged as a radial bearing supporting radial loads. The second bearing 121 is arranged as a
pure thrust bearing capable of supporting axial loads. The vertical plane 119 defined by the bearing 113 is located close to a
centre of the rotor hub 102 so that the bearing 113 is positioned adjacent to the centre of mass of rotating parts when the wind
turbine 101 is assembled.

[0067] As may be best seen in fig. 11, the rotor hub 102 of the second embodiment is assembled from plurality of casted hub
parts 130. Manufacturing the rotor hub 102 from several hub parts 130 that form, when attached to each other, the hollow shell
104 of the rotor hub 102, is beneficially as it allows for construction of bigger rotor hubs 102. Usually the process of casting limits
the size of the components. The annular member 117 of the second embodiment is arranged as a separate piece that is attached
to the hub parts 130 when the rotor hub 102 is assembled. The annular member 117 provides the outer ring 114 of the bearing
113 arranged as a radial journal bearing.

[0068] As maybe best seen in fig. 12, the annular member 117 is attached via connecting portions 131 arranged on the hub
parts 130 when the rotor hub 102 is assembled. Each hub part 130 comprises a section of the blade bearing flange 106. A
plurality radial pads 128 are arranged on the inner ring 115 of the bearing 113. The radial pads 128 of the second embodiment
are not arranged around the full circumference of the inner ring 115 as illustrated in fig. 13.

[0069] Fig. 13 shows a sectional view of the bearing 113 of the second embodiment of the invention depicted in figures 10 to 12.
A plurality of radial pads 128 are arranged around an upper circumference of the inner ring 115. The radial pads 128 are
arranged so as to pivot about a small angle when the wind turbine 101 is in use. Arrangement of the tilting radial pads 128 around
an upper circumference of the inner ring 115 allows for a support in regions with large load. At the same time, friction is minimised
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as only a minimal number of tilting pads 128 that abut against the outer ring 114 is used.

[0070] Fig. 14 shows a sectional view of the second bearing 121 of the second embodiment of the invention depicted in figures
10 to 12. The second bearing 121 of the second embodiment is arranged as a pure thrust bearing capable of supporting axial
loads. Accordingly, a plurality of axial pads 129 are arranged around the full circumference of the outer ring 114. The axial pads
129 abut against the inner ring in the axial direction parallel to the axis of rotation 120. Grooves and pockets between the axal
pads 129 are used for containing lubricants, in particular grease or oil.

[0071] Fig. 15 shows a third embodiment of a wind turbine 101 according to the invention. The exemplary embodiment shown in
fig. 15 is similar to the second embodiment already described herein before and illustrated in particular in figures 10 to 12. The
radial first bearing 113 defining the vertical plane 119 is located close to a front end of the rotor hub 102. The second bearing
121 designed as a thrust bearing is located close to the end of the rotor hub 102 facing the nacelle side of the wind turbine 101.
Both bearings 118, 121 are located within the interior 105 defined by the shell 104 of the rotor hub 102. The bearings 121, 113
are arranged in a manner, so that, when the wind turbine 101 is assembled, the centre of mass of the rotating parts lies between
the vertical plane 122 defined by the second bearing 121 and the vertical plane 119 defined by the first bearing 113.

[0072] Fig. 16 shows a detailed view of a journal bearing arranged as a thrust bearing that may be used in combination with any
of the embodiments described herein before. The inner ring 115 is made from the first and second ring component 126, 127.
Each ring component 126, 127 comprises a tilted section that mounts a plurality of tilted thrust pads 132. The thrust pads 132
abut on the outer ring 114 that has a double-tapered or arrow-shaped cross-section. Thus, the bearing 113 depicted in fig. 16 is
arranged as a thrust bearing that is capable of supporting loads in the radial and in the axial direction.

[0073] Although the present invention has been described in detail with reference to the preferred embodiment, the present
invention is not limited by the disclosed examples from which the skilled person is able to derive other variations without departing
from the scope of the invention.
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Patentkrav

1. Vindenergianlaeg (101) med en stationaer hovedaksel (111), der er anbragt
i en nacelle af vindenergianlaegget (101), et rotornav (102), som omfatter en
hul kappe (104), der definerer et indre rum (105), og en flerhed af rotorvinger,
der streekker sig radialt udad fra rotornavet (102), hvor rotornavet (102) er
drejeligt monteret til den stationeere hovedaksel (111) via mindst ét leje
(113,121), hvor det mindst ét leje (113, 121) er anbragt i det indre rum (105)
af rotornavet (102) og forbundet til et afsnit (118) af hovedakslen, som rager
ind i det indre rum (105) af rotornavet (102), kendetegnet ved, at en udven-
dig ring (114) af det mindst ét leje (113, 121) er integreret med et ringformet
element (117) af rotornavet (102), der rager indad i det indre rum (105) af
rotornavet (102), hvor den udvendige ring (114) er anbragt drejeligt i forhold
til en indvendig ring (115) af det mindst ét leje (113, 121), som er fast forbun-
det til afsnittet (118) af hovedakslen (111), som rager ind i det indre rum
(105) af rotornavet (102).

2. Vindenergianlaeg (101) ifelge krav 1, kendetegnet ved, at det mindst ét
leje (113, 121) er konfigureret som et radialt og/eller aksialt leje.

3. Vindenergianlaeg (101) ifelge et af kravene 1 eller 2, kendetegnet ved, at
en rotor (107) af en generator er fastgjort til rotornavet (102), og en stator
(109) af generatoren er fastgjort til hovedakslen (111).

4. Vindenergianlaeg (101) ifelge krav 3, kendetegnet ved, at det mindst ét
leje (113, 121) er et kugleleje, rulleleje, tilspidset rulleleje, glideleje, radialleje,
hydrodynamisk leje, hydrostatisk leje eller hybridleje.

5. Vindenergianlaeg (101) ifglge et af de foregaende krav, kendetegnet ved,
at det mindst ét leje (113, 121) definerer et vertikalt plan (119, 122), der er
vinkelret pa en rotationsakse (120), hvor tyngdepunktet af roterende dele
befinder sig i det vertikale plan (119, 122), hvor de roterende dele omfatter
rotornavet (102) og dele af vindenergianlaegget (101), der er fast tilsluttet ro-
tornavet (102).
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6. Vindenergianlaeg (101) ifglge et af kravene 1 til 5, kendetegnet ved, at
rotornavet (102) er drejeligt monteret til hovedakslen (111) via mindst to lejer
(113, 121), hvor mindst ét af lejerne (113, 121) er anbragt i det indre rum
(105) af rotornavet (102).

7. Vindenergianlaeg (101) ifglge krav 6, kendetegnet ved, at de mindst to
lejer (113, 121) er anbragt i det indre rum (105) af rotornavet (102), hvor
hvert leje (113, 121) definerer et vertikalt plan (119, 122), der er vinkelret pa
en rotationsakse (120), hvor lejerne (113, 121) er anbragt, saledes at tyng-
depunktet af de roterende dele befinder sig i de vertikale plan (119, 122),
som er defineret af lejerne (113, 121), hvor de roterende dele omfatter rotor-
navet (102) og dele af vindenergianlaegget (101), der er fast tilsluttet rotorna-
vet (102).

8. Vindenergianlaeg (101) ifglge krav 6 eller 7, kendetegnet ved, at ét af de
mindst to lejer (113, 121) er konfigureret til at baere mindst én aksial belast-
ning, og et andet af de mindst to lejer (113, 121) er konfigureret til at baere
mindst én radial belastning.

9. Rotornav (102) til et vindenergianleeg (101) ifelge et af de foregaende
krav, hvor rotornavet (102) er indrettet til at veere forbundet med en flerhed af
rotorvinger og omfatter en hul kappe (104), som definerer et indre rum (105)
0og mindst ét ringformet element (117), der er en integreret del af et leje (113,
121), der er indrettet til at montere rotornavet (102) drejeligt til en stationzer
hovedaksel (111) af vindenergianleegget (101), hvor det mindst ét ringforme-
de element (117) rager ind i det indre rum (105) af rotornavet (102).

10. Rotornav (102) ifelge krav 9, kendetegnet ved, at det mindst ét ringfor-
mede element (117) straekker sig radialt indad fra en indvendig flade af kap-
pen (104).

11. Rotornav (102) ifglge krav 9, kendetegnet ved, at det mindst ét ringfor-
mede element (117) straekker sig aksialt indad i det indre rum (105) fra en
side af kappen (104), der, nar vindenergianlaegget (101) er samlet, er konfi-
gureret til at befinde sig over for hovedakslen (111) af vindenergianlaegget
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(101).

12. Rotornav (102) ifelge et af de foregaende krav, kendetegnet ved, at det
ringformede element (117) er en ringformet flange, der er integreret med
kappen (104).

13. Rotornav (102) ifglge et af kravene 9 til 12, kendetegnet ved, at den hu-
le kappe (104) er samlet af mindst to navdele (130), hvor hver navdel (130)
omfatter mindst ét afsnit af en vingelejeflange (106), der er indrettet til at for-
bindes til en af rotorvingerne, og mindst ét forbindelsesafsnit (131), der er
indrettet til at forbindes til det ringformede element (117).

14. Rotornav (102) ifelge et af kravene 9 til 13, kendetegnet ved, at rotorna-
vet (102) omfatter to ringformede elementer (117), hvor hvert ringformet ele-
ment (117) er integreret med et leje (113, 121), der er indrettet til at montere
rotornavet (102) drejeligt til hovedakslen (111).
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