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DESCRIPTION

[0001] The present subject matter relates generally to wind turbines and, more particularly, to
compound main bearing arrangements for rotatable main shafts of wind turbines.

[0002] Generally, a wind turbine includes a tower, a nacelle mounted on the tower, and a rotor
coupled to the nacelle. The rotor generally includes a rotatable hub and a plurality of rotor
blades coupled to and extending outwardly from the hub. Each rotor blade may be spaced
about the hub so as to facilitate rotating the rotor to enable kinetic energy to be converted into
usable mechanical energy, which may then be transmitted to an electric generator disposed
within the nacelle for the production of electrical energy. Typically, a gearbox is used to drive
the electric generator in response to rotation of the rotor. For instance, the gearbox may be
configured to convert a low speed, high torque input provided by the rotor to a high speed, low
torque output that may drive the electric generator.

[0003] A wind turbine typically includes many bearings that provide relative movement
between adjacent parts in a relatively efficient, low-friction manner. For example, in most wind
turbines a "main shaft" extends from the rotor and into the nacelle and is supported by one or
more "main bearings." Additionally, the gearbox in the nacelle that steps up the angular speed
of the main shaft includes several bearings. Furthermore, the yaw control system that rotates
the nacelle relative to the tower to turn the rotor into/out of the wind, and the pitch control
system that rotates the blades about their longitudinal axis also include various bearings that
allow for enhanced operation of the wind turbine.

[0004] Conventionally, these main bearings are configured as roller element bearings
characterized by having a structural element (e.g., a ball bearing) disposed between the two
components which are moving relative to one another. Roller element bearings fail for any
number of reasons, but ultimately their life is limited by surface fatigue and wear. Such limited-
life components require regular maintenance so as to avoid larger scale failure modes. The
replacement parts and maintenance for such limited-life components increase the overall costs
of operating a wind turbine.

[0005] Accordingly, wind turbine and bearing manufacturers strive for improved or alternate
designs that extend the operating life of the bearings.

[0006] Journal bearings are generally known in the art as having a long operating life. The
main reason for this is that, unlike roller element bearings, journal bearings do not have any
structural element disposed between the two relative moving components, but instead have
only a fluid film disposed therebetween. Thus, the wear and fatigue issues associated with
roller elements, as well as the costs associated with their replacement and maintenance, may
be avoided. Consequently, journal bearings appear to provide an attractive alternative to roller
element bearings. Additionally, journal bearings are designed to eliminate surface-to-surface
contact and thus operate with even lower friction, which may further increase efficiency.
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[0007] Due to the unpredictability of the wind, start-up and shut-downs that occur with wind
turbines, and the resultant range of operating conditions, manufacturers have traditionally
relied on roller element bearings. However, roller element bearings alone are sometimes
insufficient for wind turbines that are subject to large bending loads caused by varying wind
speeds and directions around the rotor swept area. These bending loads are transferred to the
rotor shaft and reacted through the rotor main bearings. The bending loads are more dominant
than the other shear and axial loads and are typically reacted to the static main frame through
a pair of axially spaced predominantly radially loaded bearings. VWhen the axial spacing is short
the bearings are highly loaded and expensive. When they are spaced apart they are less
expensive but require a more expensive longer main shaft.

[0008] To this end, it would be desirable to utilize journal bearings, optionally in combination
with roller element bearings, in a wind turbine compound main bearing that is simple, small,
and compact configuration and can stably support radial loads and axial loads as well as
increase the operating life of the bearings and decrease the costs associated with replacement
and maintenance.

[0009] US2012070280 discloses a wind turbine, comprising a tower, a nacelle adjacent a top
of the tower, blades extending from a hub to rotate a rotor, a main rotary shaft coupled to the
rotor extending within the nacelle, and a main bearing assembly coupled to a framework of the
nacelle for supporting the shaft. The main bearing assembly includes a bearing surface formed
in a bearing insert where cavities are formed to receive thrust pads for accommodating the
loading of the main rotary shaft.

[0010] US2010215307 refers to an axial-radial bearing for a wind turbine rotor shaft main
bearing comprising a ring-shaped outer disk arranged vertically, and an inner ring arranged
coaxially with respect to the outer disk. Two ring shaped shaft disks are arranged axially
adjacent to the outer disk on both sides, each with at least one row of rolling bodies held by
one bearing cage, rolling between the two shaft disks and the outer disk for absorbing axial
forces. At least one further row of rolling bodies is arranged between the outer disk and the
inner ring forming a third rolling bearing for absorbing radial forces.

[0011] EP2568167 shows a direct-drive wind turbine comprising a rotor directly connected with
a rotating drive train that is connected with a wind turbine stationary part via at least one plain
bearing comprising at least one cylindrical sliding surface to support radial loads in the drive
train, and at least two radial bearing surfaces (with a surface area to support axial loads and
bending moments in the drive train.

[0012] EP1677005 discloses a wind turbine comprising a nacelle mounted on a tower. A main
shaft is arranged in the nacelle to which a rotating blade is fitted. The main shaft is connected
to a gear-box input shaft and is supported to the nacelle via a tapered roller bearing that may
comprise a row of rollers receiving a radial load and a pair of rows of rollers receiving a thrust
load. The roller bearing is provided coaxially with the main shaft between one end in the main
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shaft axial direction and a wall portion, which projects from a connecting portion between a
nacelle shell body and a nacelle floor portion, so as to support the main shaft rotatably around
the main shaft axis. The main shaft is thus supported to the wall portion via the double-row
tapered roller bearing.

[0013] Various aspects and advantages of the invention will be set forth in part in the following
description, or may be clear from the description, or may be learned through practice of the
invention.

[0014] The present invention relates to a drive train according to claim 1 and to a wind turbine
comprising this drive train according to claim 6.

[0015] In one aspect, a drive train of a wind turbine is disclosed as having a rotatable hub, a
gearbox, a rotatable rotor shaft extending between the rotatable hub and the gearbox, and a
main bearing assembly supporting the rotatable rotor shaft, the main bearing assembly having
a main bearing housing enclosing one or more compound bearings, each of the one or more
compound bearings having at least two axial thrust bearings and a radial bearing.

[0016] In another aspect, a wind turbine is disclosed as having a tower; a nacelle mounted
atop the tower; a generator and bearing pedestal coupled to a main frame within the nacelle; a
gearbox coupled to the generator via a generator shaft; a rotatable hub; a rotatable rotor shaft
extending between the rotatable hub and the gearbox; and a main bearing assembly coupled
with the bearing pedestal and supporting the rotatable rotor shaft, the main bearing assembly
having a main bearing housing enclosing one or more compound bearings, each of the one or
more compound bearings having at least two axial thrust bearings and a radial bearing.

[0017] Various features, aspects and advantages of the present invention will become better
understood with reference to the following description and appended claims. The
accompanying drawings, which are incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and, together with the description, serve to explain the
principles of the invention.

[0018] In the drawings:

FIG. 1 illustrates a perspective view of one embodiment of a wind turbine of conventional
construction;

FIG. 2 illustrates a perspective, interior view of one embodiment of a nacelle of a wind turbine;

FIG. 3 is a schematic of the components and loading on an exemplary compound main
bearing assembly;

FIG. 4 is a perspective of an exemplary compound main bearing assembly;

FIG. 5 is a perspective of an exemplary compound main bearing assembly showing tilt pad
axial journal bearings.



DK/EP 3428448 T3

[0019] Repeat use of reference characters in the present specification and drawings is
intended to represent the same or analogous features or elements of the present disclosure.

[0020] Reference now will be made in detail to embodiments of the invention, one or more
examples of which are illustrated in the drawings. Each example is provided by way of
explanation of the invention, not limitation of the invention. In fact, it will be apparent to those
skilled in the art that various modifications and variations can be made in the present invention
without departing from the scope of the invention. For instance, features illustrated or
described as part of one embodiment can be used with another embodiment to yield a still
further embodiment. Thus, it is intended that the present invention covers such modifications
and variations as come within the scope of the appended claims.

[0021] In general, the present subject matter discloses a compound bearing arrangement to
handle loads that were previously reacted to the main frame through a pair of axially spaced
predominantly radially loaded bearings. When the axial spacing between the pair of bearings is
short, the bearings are highly loaded and expensive. When they are spaced apart they are less
expensive but require a more expensive longer shaft. If the bearings have a very short axial
spacing but are larger diameter the predominant reaction load in the bearings is in the axial
direction so the moments can be reacted by axial bearings which, although larger in diameter,
can be more compact and hence less expensive. When using larger diameter axial bearings,
the radial loads (vertical and lateral) are typically much smaller and can be reacted by a
smaller inexpensive radial bearing.

[0022] Referring now to the drawings, FIG. 1 illustrates a perspective view of one embodiment
of a wind turbine 10 of conventional construction. As shown, the wind turbine 10 includes a
tower 12 extending from a support surface 14, a nacelle 16 mounted on the tower 12, and a
rotor 18 coupled to the nacelle 16. The rotor 18 includes a rotatable hub 20 and at least one
rotor blade 22 coupled to and extending outwardly from the hub 20. For example, in the
illustrated embodiment, the rotor 18 includes three rotor blades 22. However, in an alternative
embodiment, the rotor 18 may include more or less than three rotor blades 22. Each rotor
blade 22 may be spaced about the hub 20 to facilitate rotating the rotor 18 to enable kinetic
energy to be transferred from the wind into usable mechanical energy, and subsequently,
electrical energy. For instance, the hub 20 may be rotatably coupled to an electric generator 24
(FIG. 2) positioned within the nacelle 16 to permit electrical energy to be produced.

[0023] Referring now to FIG. 2, a simplified, internal view of one embodiment of a nacelle 16 of
a wind turbine 10 is illustrated. As shown, a generator 24 may be disposed within the nacelle
16. In general, the generator 24 may be coupled to the rotor 18 of the wind turbine 10 for
producing electrical power from the rotational energy generated by the rotor 18. For example,
as shown in the illustrated embodiment, the rotor 18 may include a rotor shaft 32 coupled to
the hub 20 for rotation therewith. The rotor shaft 32 may, in turn, be rotatably coupled to a
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generator shaft 34, sometimes referred to as the high speed shaft (HSS), of the generator 24
through a gearbox 36 having a gearbox output shaft. As is generally understood, the rotor
shaft 32 may provide a low speed, high torque input to the gearbox 36 in response to rotation
of the rotor blades 22 and the hub 20. The gearbox 36 may then be configured to convert the
low speed, high torque input to a high speed, low torque output to drive the generator shaft 34
(HSS), and thus, the generator 24.

[0024] Main bearings 40, sometimes referred to as the rotor bearings, are housed in a main
bearing assembly 48 that is supported by a main bearing pedestal 42 attached to the main
frame 44 of the wind turbine with a main bearing housing 46 enclosing the main bearings 40.
The main bearings 40 can be configured to react to loading as shown in FIG. 3, where the
axial loads 50 are imposed on a pair of axial thrust bearings 52, 54 and the radial loads 56 are
imposed on a radial bearing 58. This main bearing 40 arrangement is referred to as a
compound bearing 60, herein.

[0025] One embodiment of the main bearing assembly 48 can have a main bearing housing
46 (not shown) that houses the compound bearing 60 and is further shown in FIGS. 4 and 5 as
a three-row structure with the radial bearing pad 62 positioned at right angles (90 degrees)
from the axial bearing pads 64. The axial bearing pads 64 can be adjacent a static spacer 80
that is removable to enable access and assembly of the radial bearing 58. The radial bearing
pad 62 for the radial bearing 58 can be disposed circumferentially around the inner surface 66
a fixed raceway annulus 70. The fixed raceway annulus 70 can be coupled to the main bearing
housing 46. The axial thrust bearing pads (at least two rows) for the axial thrust bearings 52,
54 can be disposed circumferentially around the rotatable rotor shaft 32 on opposing sides of
the fixed raceway annulus 70. The axial thrust bearings 52, 54 can extend in the radial
direction and be disposed on opposing first and second radial surfaces 67, 68 of the same
fixed raceway annulus 70. Rotatable raceway components 72 can be attached to rotor shaft 32
having a removable retainer flange 76 that retains the compound bearing 60 inside the main
bearing assembly 48, yet allows removal of the compound bearing 60. The one or more
compound bearings 60 can have rotatable raceway components 72 disposed adjacent the at
least two axial thrust bearings 52, 54 and the radial bearing 58, with the rotatable raceway
components configured as the inner radial raceway surface and axial exterior raceway surface.
The rotor shaft 32 can be removably coupled to the rotatable hub 20 via a shaft flange 74 to
the opposing end of rotor shaft 32.

[0026] It should be appreciated that the axial thrust bearings 52, 54 and the radial bearing 58
can be rolling element, for example roller bearings or ball bearings, and/or journal bearings. All
bearings can also be either hydrostatic or hydrodynamic bearings. Using axially loaded thrust
bearings instead of conventional vertically loaded radial bearings improves the main bearing
arrangement for wind turbines. Journal hydrostatic thrust bearings instead of conventional
rolling element bearings is one embodiment that enables the improvement. Another improved
embodiment is a combination of rolling element and journal bearings wherein the radial
bearing can be a rolling element and the thrust bearings can be journal bearings.
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[0027] The compound bearing can be specifically configured such that the first and second
axial thrust bearings 52, 54 are journal bearings with tilting pads 78 that enable a tilting
movement in at least one direction of rotation of the bearing. A white metal or a resin overlay,
low in frictional coefficient to the sliding surfaces, can be applied to the tilting pads 78. Elastic
support seats can be inserted with tilting pads 78 to correct any unevenness in distribution of
loads applied to the tilting pads 78.

[0028] Also, a lubricating mechanism for the compound bearing can be at least one fluid
supply groove, for example oil, that can be cut in the fixed raceway annulus, and at least one
fluid supply hole, communicating with the fluid supply groove(s), which can pass through the
inner surface 66, the first axial surface 67, and the second axial surface 68 of the fixed
raceway annulus, thus supplying lubricating fluid (oil) to the radial and axial thrust bearing
pads.

[0029] This written description uses examples to disclose the invention, including the preferred
mode, and also to enable any person skilled in the art to practice the invention, including
making and using any devices or systems and performing any incorporated methods. The
patentable scope of the invention is defined by the claims.
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KRAV

1. Transmission (eng: drive train) i en vindmglle (10), hvor transmissionen omfatter:
et drejeligt nav (20),
en gearkasse (36),
en drejelig rotoraksel (32) der straekker sig mellem det drejelige nav (20) og
gearkassen (36), og,
en hovedlejesamling (48) der understatter den drejelige rotoraksel (32), idet
hovedlejesamlingen (48) omfatter en akselflange (74) til aftagelig kobling af den
drejelige rotoraksel (32) til det drejelige nav (20), og et hovedlejehus (46) der
omslutter et eller flere sammensatte lejer (60), hvor hvert af de et eller flere
sammensatte lejer (60) omfatter mindst to aksiale tryklejer (52, 54) og et radialleje
(58),
hvor det ene eller flere sammensatte lejer (60) yderligere omfatter drejelige
lebebanekomponenter (eng: raceway components) (72) anbragt ved siden af de
mindst to aksiale tryklejer (52, 54) og radiallejet (58) konfigureret som henholdsvis
indre radiale og aksiale ydre lgbebaneoverflader, og hvor
akselflangen (74) er fastgjort til de drejelige labebanekomponenter (72), og hvor
akselflangen (74) endvidere omfatter en aftagelig holdeflange (76) der er
konfigureret til at fastholde det ene eller flere sammensatte lejer (60) inde i
hovedlejesamlingen (48).

2. Transmission ifglge krav 1, hvor hovedlejesamlingen (48) er koblet til en hovedlejesokkel (42),
der straekker sig fra en hovedramme (44).

3. Transmission ifglge et hvilket som helst af de foregdende krav, hvor det ene eller flere
sammensatte lejer (60) yderligere omfatter;
en radiallejeklods (eng: radial bearing pad) (62) anbragt rundt om i det mindste en
del af en indre overflade (66) af en fast lgbebanering (70), og,
mindst to aksiale tryklejeklodser (eng: thrust bearing pads) (64) anbragt rundt om
den drejelige rotoraksel (32) pa modsatte sider af den faste lgbebanering (70).

4. Transmission ifglge et hvilket som helst af de foregdende krav, hvor de mindst to aksiale
tryklejer (52, 54) og de radiallejerne (58) omfatter mindst et af: rullelejer, glidelejer, kuglelejer
eller kombinationer deraf.
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5. Transmission ifelge et hvilket som helst af de foregdende krav, hvor hvert af de mindst to
aksiale tryklejer (52, 54) omfatter mindst en vippeklods (eng: tilting pad) (78) arrangeret dermed
for at muliggare en vippebevaegelse i mindst en rotationsretning af de mindst to aksiale tryklejer
(52, 54).

6. En vindmglle (10), der omfatter:
et tarn (12);
en nacelle (16) monteret pa toppen af tarnet (12);
en generator (24) og lejesckkel (eng: bearing pedestal) (42) koblet til en
hovedramme (44) indeni nacellen (16); og
transmission ifalge et hvilket som helst af de foregdende krav.
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