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DESCRIPTION

[0001] The invention describes a bearing arrangement of an electrical machine, to support a
drive shaft inside a housing. Such a bearing arrangement is disclosed for example in US 4 686
403. The invention further describes a wind turbine comprising such a bearing arrangement.

[0002] A wind turbine generally comprises a nacelle mounted on top of a tower, and enclosing
a generator. One type of generator is mounted to a drive shaft, which is turned by a rotor
comprising a number of blades mounted to a hub at the upwind end of the nacelle. The rotor
turns in response to an airflow over the blades. The drive shaft must be securely held in some
way to ensure efficient transfer of the rotation to the generator. To this end, a drive shaft is
usually held in place by a housing, with one or more main bearings between drive shaft and
housing to allow a smooth motion of the drive shaft. Usually, the main bearing is constructed
using a roller bearing such as a ball bearing, roller bearing or tapered roller bearing.

[0003] However, the balls or rollers of such bearings must be machined to a very high degree
of precision, and are generally very expensive. Wear and tear can result in damage to one or
more bearings and the raceways. To replace a damaged part (roller or ball), it is generally
necessary to dismantle the entire cage or race containing the moving parts, so that repair and
replacement procedures are generally expensive.

[0004] As an alternative to a ball bearing or roller bearing, it is possible to use a fluid bearing
or sliding bearing instead. In a bearing such as a fluid bearing, a thin film of fluid between a
bearing pad and the supported component allows the component to slide easily over the
bearing pad. However, it is problematic to distribute and design the pads of the fluid or sliding
bearings in such a way that wear and maintenance costs are minimized. Generally, multiple
pads would be evenly spaced - i.e. arranged in a uniform distribution - around the
circumference at each end of the drive shaft, since any bearing design generally aims to
distribute the load evenly over the bearing parts. However, in the case of a fluid bearing or a
sliding bearing, such a design involves a relatively large number of bearing pads, resulting in
higher costs. A large number of pads also leads to increased power loss, a greater "out of
tolerance” risk that can lead to an overloaded pad that is slightly too thick, a greater risk of pad
failure, etc.

[0005] It is therefore an object of the invention to provide a main bearing that avoids the
problems mentioned above.

[0006] This object is achieved by the bearing arrangement of claim 1 and by the wind turbine
of claim 13.

[0007] According to the invention, the bearing arrangement is intended for use in an electrical
machine that comprises a drive shaft extending through a housing. The bearing arrangement
comprises a front-end bearing arranged about a front end of the drive shaft, and a back-end
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bearing arranged about the other end of the drive shaft, wherein the bearings comprise a
plurality of bearing pads arranged in an annular space between the drive shaft and the
housing, and wherein at least one bearing comprises an uneven distribution of bearing pads
about the drive shaft.

[0008] In the context of the invention, the front-end bearing may be understood to be the front-
end main bearing, and the back-end bearing may be understood to be a back-end main
bearing. The drive shaft is then held in place by two main bearings, one at either end, i.e. one
at the front end or "drive end", and one at the back end or "non-drive-end" of the drive shaft.
When the electrical machine is the generator of a wind turbine, the front end is upwind, and the
back end is downwind.

[0009] An advantage of the bearing arrangement according to the invention is that the bearing
pads are distributed in an optimal manner around the drive shaft to provide support exactly
where it is needed. In this way, the drive shaft is always optimally supported under all loading
conditions.

[0010] According to the invention, the wind turbine comprises a generator with a drive shaft
arranged to transfer rotation from a rotor of the wind turbine to a generator, and further
comprises such a bearing arrangement arranged between the drive shaft and a drive shaft
housing, installed as a main bearing to support the drive shaft in the housing.

[0011] An advantage of the bearing arrangement according to the invention is that a main
bearing that supports the drive shaft can be designed using a relatively economical fluid
bearing or sliding bearing, while the wear on the bearing pads can be favourably minimized. In
this way, the construction costs and maintenance costs can be reduced.

[0012] Particularly advantageous embodiments and features of the invention are given by the
dependent claims, as revealed in the following description. Features of different claim
categories may be combined as appropriate to give further embodiments not described herein.

[0013] In the following, it may be assumed that the wind turbine is driven by a rotor comprising
a number of blades mounted to a hub at the upwind side. The rotating hub is mounted to a
rotating drive shaft that is housed in a bearing housing. An electrical generator is mounted on
the drive shaft and bearing housing. The drive shaft must be mounted in such a way that it is
free to rotate, and in such a way that it is not affected by opposing forces. To this end, a drive
shaft is usually enclosed by a housing, with a main bearing in an annular region at either end
of the drive shaft.

[0014] In the context of the invention, a main bearing is to be understood as a set of bearing
pads arranged in an annular region at one end of the drive shaft. In the following, without
restricting the invention in any way, it may be assumed that a bearing comprises a fluid bearing
or a sliding bearing.
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[0015] A fluid bearing between a rotating shaft and a housing generally comprises a number of
bearing pads each with a contact surface shaped to lie against the shaft. A bearing pad is
generally mounted on a pivot or liner. A fluid film between the bearing pad and the rotating
shaft ensures that the shaft can rotate smoothly about its axis.

[0016] The drive shaft may be regarded as an essentially cylindrical component arranged to lie
horizontally, and which may be virtually divided into an upper half and a lower half by a
horizontal plane that contains the axis of rotation of the drive shaft. The inventive bearing
distribution can be defined in terms of this horizontal plane, so that the uneven distribution of
bearing pads should be understood to mean that different numbers of bearing pads are
arranged about the upper half and the lower half. For example, at one end of the drive shaft, a
smaller number of bearing pads can be arranged over one semi-circular half, and a larger
number of bearing pads can be arranged around the other semi-circular half.

[0017] In one preferred embodiment of the invention, the front-end bearing comprises an
uneven distribution of bearing pads about the drive shaft. In a particularly preferred
embodiment of the invention, the front-end bearing comprises more bearing pads arranged
about the lower half of the drive shaft than the upper half of the drive shaft. For example, for a
certain number of bearing pads arranged in the upper semi-circular half of the front-end
bearing, there may be one or two more bearing pads arranged in the lower semi-circular half
of the front-end bearing. In one exemplary embodiment of the inventive wind turbine
generator, the front-end bearing comprises ten fluid bearing pads of which six are arranged
about the lower half of the drive shaft.

[0018] Depending on the generator specifications and the loads to which it will be exposed, the
uneven bearing distribution in the front-end bearing may be sufficient to ensure a favourable
distribution of loads. Therefore, in such a design that involves a front-end bearing with an
uneven bearing pad distribution, the back-end bearing can comprise an even bearing pad
distribution.

[0019] However, particularly in the case of a large wind turbine generator, the back-end
bearing may be subject to significant loading even if the front-end main bearing has been
designed to withstand maximum loading. Therefore, in a further preferred embodiment of the
invention, the back-end bearing comprises an uneven distribution of bearing pads about the
drive shaft. In a particularly preferred embodiment of the invention, the back-end bearing
comprises more bearing pads arranged about the upper half of the drive shaft than the lower
half of the drive shaft. For example, for a certain number of bearing pads arranged in the lower
semi-circular half of the back-end bearing, there may be one or two more bearing pads
arranged in the upper semi-circular half of the back-end bearing. In another exemplary
embodiment of the inventive wind turbine generator, the back-end bearing comprises ten fluid
bearing pads of which six are arranged about the upper half of the drive shaft. In this case
also, depending on the generator specifications and the loads to which it will be exposed, the
uneven bearing pad distribution in the back-end bearing may be sufficient to ensure a
favourable distribution of loads, and the front-end bearing can comprise an even bearing pad
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distribution.

[0020] Loading on the drive shaft of such a wind turbine generally manifests as a downward
force on the front-end of the drive shaft and an upward force on the back-end of the drive
shaft. Therefore, in a particularly preferred embodiment of the invention, the front-end main
bearing comprises a greater number of bearing pads in its lower half, and the back-end main
bearing comprises a greater number of bearing pads in its upper half. In this way, the uneven
loading on the drive shaft can be optimally counteracted by the main bearings at either end. Of
course, alternative embodiment are equally possible, with an even distribution of pads on the
downwind side and an uneven distribution of pads on the upwind side; or an even distribution
of pads on the upwind side and an uneven distribution of pads on the downwind side.

[0021] As indicated above, a main bearing comprises a set of bearing pads distributed around
one end of the drive shaft. Preferably, the bearing pads of a main bearing are arranged
symmetrically about a vertical axis. Such a vertical axis can be defined by a vertical plane
containing the axis of rotation of the drive shaft. The vertical symmetry should be understood
to relate to the number of bearing pads on either side of the vertical axis, for example five
bearing pads on either side of the vertical axis. Using the exemplary front-end main bearing
described above, two bearing pads would be arranged in the upper half on one side of the
vertical axis, and three bearing pads would be arranged in the lower half on the other side of
the vertical axis.

[0022] In a preferred embodiment of the inventive bearing arrangement, at least one bearing
is equipped with a pressure application means that is realized to apply pressure to a bearing
pad in order to press the bearing pad's contact surface against the outer surface of the drive
shaft. In one preferred embodiment, the pressure application means comprises at least one
spring-loaded component arranged between the housing and a bearing pad. For example, a
pair of springs arranged one on each side of the bearing liner may effectively press the curved
contact surface against the drive shaft, even when the drive shaft is subject to axial forces
originating from the rotor. In an alternative realization, a pressure application means can
comprise an actuator that is driven by a hydraulic motor or a linear motor. In either case, a
pressure application means can be realised to press the pad against the shaft surface by
applying pressure, or to or pull the pad towards the housing (away from the drive shaft) by
reducing the applied pressure. The amount of pressure to be applied to or released from a pad
can be adjusted as required in order to adjust the pad's freedom of movement.

[0023] Other objects and features of the present invention will become apparent from the
following detailed descriptions considered in conjunction with the accompanying drawings. It is
to be understood, however, that the drawings are designed solely for the purposes of
illustration and not as a definition of the limits of the invention.

Fig. 1 shows a bearing arrangement according to the invention between a drive shaft and a
drive shaft housing;

Fig. 2 shows a bearing arrangement according to the invention supporting a drive shaft of a
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wind turbine generator;
Fig. 3 shows an exploded view of the drive shaft and the drive shaft housing of Fig. 1;

Fig. 4 shows a front-end bearing of an embodiment of the bearing arrangement according to
the invention;

Fig. 5 shows a back-end bearing of an embodiment of the bearing arrangement according to
the invention;

Fig. 6 shows a fluid bearing;

Fig. 7 shows a detail of a further embodiment of the bearing arrangement according to the
invention.

[0024] In the diagrams, like numbers refer to like objects throughout. Objects in the diagrams
are not necessarily drawn to scale.

[0025] Fig. 1 shows a bearing arrangement 1 according to the invention, used to support a
drive shaft 23 in a drive shaft housing 230. The bearing arrangement 1 has a front-end bearing
1F in an annular space 231 at the front end FE of the drive shaft 23, and a back-end bearing
1B in an annular space 232 at the back end BE of the drive shaft 23. The diagram indicates an
uneven distribution of bearing pads 10 at either end FE, BE.

[0026] Fig. 2 shows the bearing arrangement 1 of Fig. 1 installed to support a drive shaft 23 of
a wind turbine generator 3. A wind turbine 2 comprises a nacelle 20 on top of a tower 21. A
rotor 22 comprising a hub 220 and blades 221 mounted to the hub 22 will turn in response to
an airflow over the blades 221. The rotor 22 is mounted to a drive shaft 23 to transfer the
rotation to a generator rotor 30 (indicated in a simplified manner in the diagram) of the
generator 3. The drive shaft 23 is held in place by a housing 230, and annular bearings 1F, 1B
at either end of the drive shaft 23 ensure that the drive shaft 23 is not displaced by the forces
acting on it.

[0027] Fig. 3 shows an exploded view of the drive shaft 23 and the drive shaft housing 230 of
Figs. 1 and 2. The drive shaft 23 is shown on the left-hand side, with bearing pads 10 of a
front-end annular bearing 1F arranged about the front end FE or drive-end of the drive shaft
23, and bearing pads 10 of a back-end annular bearing 1B arranged about the back end or
non-drive-end of the drive shaft 22. The bearing pads 10 are shown in the positions in which
they are held by the housing 230.

[0028] On the right-hand side of the diagram, the housing 230 is shown, indicating the annular
spaces or races 231, 232 that contain the bearing pads 10 in their working positions for
supporting the drive shaft 23. In this embodiment, the housing 230 is shaped to partially
enclose the drive shaft 23 and to fit about a yaw ring at the top of the wind turbine tower.
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Openings at either side allow access between the tower 21 and the interior of the nacelle 20 in
Fig. 2.

[0029] An axial load can be borne by thrust bearings at the downwind side, by implementing a
fluid bearing on either side of a drive shaft thrust collar.

[0030] Fig. 4 shows a front-end bearing 1F, looking into the housing 230 from the front end
FE. A horizontal plane H through the drive shaft axis of rotation R is shown, along with a
vertical plane V through the axis of rotation R, together dividing the annular form into four
equal quadrants. The horizontal plane H divides the front-end bearing 1F into an upper half
1F_u and a lower half 1F_|. The diagram shows a greater number of fluid bearing pads 10 in
the lower half 1F_I (six in this case) and a smaller number of fluid bearing pads 10 in the upper
half 1F_u (four in this case). The diagram also indicates that the fluid bearing pads 10 are
arranged essentially symmetrically about the vertical plane V, disregarding an inherent
asymmetry arising from the asymmetrical structure of a fluid bearing pad 10.

[0031] Fig. 5 shows a back-end bearing 1B, looking into the housing 230 from the back end
BE. Here also, a horizontal plane H through the drive shaft axis of rotation R is shown, along
with a vertical plane V through the axis of rotation R, dividing the annular form into four
quadrants. The horizontal plane H divides the back-end bearing 1B into an upper half 1B_u
and a lower half 1B_|. The diagram shows a greater number of fluid bearing pads 10 in the
upper half 1B_u (six in this case) and a smaller number of fluid bearing pads 10 in the lower
half 1B_| (four in this case).

[0032] Fig. 6 shows an exemplary fluid bearing pad 10, with a contact pad 100 mounted on a
pivot liner 101. The surface of the contact pad 100 is shaped to match the surface of the
rotating component (e.g. the drive shaft) which it is to support. As the skilled person will know,
a fluid can be injected into a space between the contact surface and the outer surface of the
supported component. As the supported component rotates, a film of fluid is maintained
between these surfaces, allowing smooth rotation.

[0033] Fig. 7 shows a detail of a further embodiment of the bearing arrangement according to
the invention, and shows a bearing pad10 in place between the drive shaft 23 and the housing
230. The diagram shows the contact pad 100 lying closely about the outer surface of the drive
shaft 230. A spring-loaded element 11 is arranged to apply pressure to the bearing pad 10 so
that the contact pad 100 always lies correctly on the outer surface of the drive shaft 230, even
if the rotor applies an axial loading to the drive shaft 23. Although the present invention has
been disclosed in the form of preferred embodiments and variations thereon, it will be
understood that numerous additional modifications and variations could be made thereto
without departing from the scope of the invention defined in the appended claims.

[0034] For the sake of clarity, it is to be understood that the use of "a" or "an" throughout this
application does not exclude a plurality, and "comprising” does not exclude other steps or
elements.
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Patentkrav

1. Lejeindretning (1) til en vindmellegenerator (3), der omfatter en drivaksel
(23), der streekker sig gennem et hus (230), hvilken lejeindretning (1) omfatter
- et forende-leje (1F), der er udformet til at blive anbragt omkring en forende
(FE) af drivakslen (23), og

- et bagende-leje (1B), der er udformet til at blive anbragt omkring den mod-
satte ende (BE) af drivakslen (23);

hvor lejerne (1F, 1B) omfatter en flerhed af leje-pads (10), der er anbragt i et
ringformet rum (231, 232) mellem drivakslen (23) og huset (230), og hvor
lejerne (1F, 1B) praktisk talt er opdelt i en @vre halvdel (1F_u, 1B_u) og en
nedre halvdel (1F_I, 1B_I) af et horisontalt plan (H), der indeholder rotations-
aksen (R) af drivakslen (23), og hvor en ujeevn fordeling af leje-pads (10) om-
fatter forskellige antal af leje-pads (10) i den @vre halvdel (1F_u, 1B_u) og den
nedre halvdel (1F_I, 1B_I), og hvor mindst et leje (1F, 1B) omfatter en ujaevn
fordeling af leje-pads (10) omkring drivakslen (23), med flere leje-pads (10) i
den @vre halvdel (1B_U) end i den nedre halvdel (1B_]).

2. Lejeindretning ifelge krav 1, hvor bagende-lejet (1B) omfatter flere leje-pads
(10) i den @vre halvdel (1B_U) end i den nedre halvdel (1B_l).

3. Lejeindretning ifelge krav 1, hvor forende-lejet (1F) omfatter en ujsevn for-
deling af leje-pads (10) omkring drivakslen (23).

4. Lejeindretning ifalge krav 3, hvor forende-lejet (1F) omfatter flere leje-pads
(10) i den nedre halvdel (1F_l) end i den @vre halvdel (1F_u).

5. Lejeindretning ifalge et hvilket som helst af de foregaende krav, hvor et leje
(1F, 1B) omfatter en ujeevn fordeling af leje-pads (10) omkring drivakslen (23),
og det andet leje (1F, 1B) omfatter en jeevn fordeling af leje-pads (10) omkring
drivakslen (23).

6. Lejeindretning ifelge krav 5, nar ikke afhaengigt af 2, hvor bagende-lejet (1B)
omfatter en jeevn fordeling af leje-pads (10) omkring drivakslen (23).
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7. Lejeindretning ifalge et hvilket som helst af de foregaende krav, hvor et leje
(1F, 1B) er symmetrisk omkring et vertikalt plan (V), der indeholder rotations-
aksen (R) af drivakslen (23).

8. Lejeindretning ifalge et hvilket som helst af de foregaende krav, hvor et leje
(1F, 1B) omfatter et fluidleje.

9. Lejeindretning ifalge et hvilket som helst af de foregaende krav, hvor et leje
(1F, 1B) omfatter et glideleje.

10. Lejeindretning ifelge et hvilket som helst af de foregaende krav, hvor
mindst et leje (1F, 1B) omfatter et trykpaferingsmiddel (11), der er udformet til
at presse en kontaktflade af en leje-pad (10) pa en udvendig flade af drivakslen
(23).

11. Lejeindretning ifelge krav 10, hvor trykpafaringsmidlet (11) omfatter et fje-
derbelastet element (11), der er anbragt mellem huset (230) og en leje-pad
(10).

12. Lejeindretning ifalge krav 10 eller krav 11, hvor trykpaferingsmidlet omfat-
ter en aktuator, der drives af en motor.

13. Vindmaglle (2) omfattende en generator (3) med en drivaksel (23), der er
indrettet til at overfere rotation fra en rotor (22) af vindmellen (2) til en genera-
torrotor, og yderligere omfattende en lejeindretning (1) ifelge et hvilket som
helst af kravene 1 til 12, der er anbragt mellem drivakslen (23) og et drivaksel-
hus (230).

14. Vindmaellegenerator ifglge krav 13, hvor forende-lejet (1F) omfatter ti fluid-
leje-pads (10), hvoraf seks er anbragt i den nedre halvdel (1F_]I).

15. Vindmaellegenerator ifalge krav 13 eller krav 14, hvor bagende-lejet (1B)
omfatter ti fluidlejer (10), hvoraf seks er anbragt i den @vre halvdel (1B_u).
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