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(54) Title: A BEARING FOR A WIND TURBINE AND A CANISTER FOR A BEARING

(57) Abstract: The invention provides a bearing for attaching a
wind turbine blade to a wind turbine hub, the bearing comprising
a stationary ring, a movable ring which can rotate relative to the
stationary ring, a grease lubrication structure, and a canister for
collecting grease. The grease lubrication structure forms an outlet
for releasing grease from a space between the stationary ring and
the movable ring and the canister comprises an inner space with
at least one inlet in releasable fluid communication with the out-
let. The outlet and the inlet comprise cooperating coupling ele-
ments adapted for releasable snap-connection of the outlet to the
inlet. Due to the snap-connection, the canister is easily removed
and replaced in connection with maintenance of the wind turbine
even though the space in the hub is typically very limited.
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A BEARING FOR A WIND TURBINE AND A CANISTER FOR A BEARING

INTRODUCTION

The invention relates to a bearing for attaching a wind turbine blade to a wind
turbine hub, the bearing comprising a stationary ring, a movable ring which can
rotate relative to the stationary ring, and a canister for collecting grease, the
bearing forming an outlet for releasing grease from a space between the
stationary ring and the movable ring and the canister comprising an inner space
with at least one inlet in releasable fluid communication with the outlet. The

invention further relates to a grease collection canister for a bearing.

BACKGROUND OF THE INVENTION

In traditional wind turbines, the blades, i.e. often three blades in total, are
attached to a hub which forms one of the two free ends of the drive shaft from
which the converted energy is released, e.g. by rotation of an electrical

generator.

Bearings arranged between the hub and blades facilitate rotation and thus
control of the blade angle relative to the hub. This allows control of the
conversion ratio between the wind energy and the energy of the rotating drive
shaft. The blades may e.g. be pitched completely out of the wind so that no
conversion takes place, e.g. if the wind turbine is stopped for maintenance or
due to strong winds.

In general, bearings for the blades are difficult to access and typically, proper
maintenance and lubrication is important for the reliability of the wind turbine.

Means for improving the lubrication of bearings are known in various bearings.
GB 2055154 discloses a container which can be contracted in response to
increasing temperatures whereby grease is injected into a cavity via lubrication

channels.
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EP 1273814, discloses a bearing for a wind turbine where different lubrication
channels are connected to containers for transporting grease away from a cavity
of the bearing. In practise, it has been found difficult to handle such containers
in the very narrow space in the hub of a wind turbine, and in particular, it has
been found difficult and time consuming to replace containers which are filled up

with grease.

DESCRIPTION OF THE INVENTION

It is an object of embodiments of the invention to improve bearings for wind
turbines, and to facilitate an easier handling of containers for waste grease from
the bearing.

Accordingly, the invention, in a first aspect, provides a bearing for attaching a
wind turbine blade to a wind turbine hub, wherein the outlet and the inlet
comprises cooperating coupling elements by which the canister can be fixed to

one of the rings.

Herein, the canister is considered being fixed to the ring by the coupling
elements when no additional attachment is necessary for the canister to

cooperate with the rings.

Due to the use of the couplings for fixing the canister to one of the rings,
handling of the canisters are highly improved and even though the space is
limited in the hub, it has been found relatively easy to replace canisters which
have been filled with grease since the canisters are fixed already when the

coupling elements are joined.

In particular, the coupling elements may be adapted to fix the canister to the
outlet in such a manner that a canister cannot be moved relative to an outlet to
which it is attached. For this purpose, the inlet and outlet may form a rigid
connection preventing any movement of the canister relative to the outlet and
thus relative to the ring to which it is connected. In one example, the inlet on

the canister may form a rigid tubular stub extending outwards from an outer
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surface of the sidewall, e.g. perpendicular to or radial outwards from the outer

surface.

The coupling elements may particularly be adapted for releasable snap-
connection of the outlet to the inlet. Due to the snap-connection, handling of the
canisters may be further improved in particular taking the limited space in the
hub into consideration.

The snap coupling design of the invention facilitates joining of the outlet and
inlet without use of separate screws, bolts, or similar traditional attachment
means for fastening, and this can greatly increase assembly and installation
efficiency to save assembly time and the cost of components. The shap coupling
may e.g. be of the commercially available kind where a spring force presses a
locking structure towards a locked position wherein the the two coupling
elements are fixed. By movement of a release structure against the spring force,
the locking element may be moved to an unlocked position wherein the coupling
elements become separable. Such coupling elements are available e.g. from

Dunlop hiflex, cf. http://www.dunlophiflex.com/.

The bearing could be of any commercially available kind, e.g. a roller bearing,
ball bearing, needle bearing or any similar kind of bearing comprising a
stationary ring and a ring which can rotate relative to the stationary ring.

In addition to the outlet for releasing grease from the space and the canister
having an inlet being connectable directly to the outlet, the lubrication structure
may further comprise an intake connected to a source of grease for discharging

grease into a space between the stationary ring and the movable ring.

The cooperating coupling elements adapted for releasable snap-connection of
the outlet to the intake may include any kind of commercially available snap
coupling structure, e.g. including cooperating male and female manifolds
adapted for a push-to-connect action where the male manifold is received in a
recess in the female manifold. In such a structure, the two coupling elements

may look each other by friction, or the coupling elements may include anchor
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structures, e.g. including one or more latch hooks on one coupling element
which engage in a recesses or projection on the matching coupling element etc.
Such structures are widely used e.g. for connecting hoses and tubes of various
kinds. The coupling elements may alternatively include cooperating manifolds
forming plane abutment shoulders adapted to abut each other in a tight manner.
In this case, the coupling elements could be pressed towards each other by use
of a pipe unit, e.g. a threaded pipe union of the kind known e.g. for connecting
water pipes etc.

To prevent leakage of grease, both coupling elements may be self-sealing or, in
case of male/female coupling elements, at least one of the elements may

comprise an O-ring or similar sealing means.

Advantageously, one canister may receive grease from several individual

outlets. Accordingly, each canister may comprise several inlets, e.g. two or three
inlets. Each inlet may form individual stubs extending rigidly outwards from the
outer surface of the sidewall.

The coupling elements of the outlet and of the canister may be adapted for
separation by triggering a release structure provided on one of the coupling
elements, e.g. on the coupling element of the canister. The release structure
may e.g. be adapted to allow separation of the inlet from the outlet by
movement of a release structure in a direction from the canister towards the
outlet. The release structure could e.g. be formed as a sleeve arranged about
the coupling element of the canister.

The canister may comprise a triggering structure for collective triggering of the
release structure on all coupling elements on the canister, e.g. adapted to

trigger all release structures simultaneously.

The canister may form an oblong sidewall extending between an opening and a
bottom. The canister comprises a closure which can be attached to the opening
for closing the opening. This closure may form a structure which allows air to be

released from the canister as grease is received from the outlet. This ventilation
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structure may comprise an opening into the inner space, e.g. an opening formed

in the centre of a relatively plane panel formed by the closure.

To prevent grease from being spilled out of the canister via the opening in the
closure, the ventilation structure may further comprise a tube extending from
the opening inwards into the inner space. In one embodiment, the tube has the
shape of a frustum of a cone, i.e. it forms a conduit with a cross-section which
constricts from a first area at the opening in the closure to a second and smaller
area at a free end of the tube where the tube terminates inside the canister.

If the canisters are arranged relative to the hub of the wind turbine in such a
way that the openings in the closures of the canisters face towards that axis of
rotation about which the wind turbine hub rotates, i.e. when the shaft rotates,
then the grease will be forced to the bottom of the canisters under influence of
the forces created by the rotation of the hub. Preferably, the canisters are
arranged in such a manner, that the tubes which extend from the opening and
into the canisters extend in a radial direction relative to the axis of rotation of
the hub. If rotation of the wind turbine hub stops, the grease may spread from
the bottom portion of the canisters towards the inner surface of the closure, and
in this case, the radial tube will prevent or at least reduce the amount of grease
which is spilled from the canisters.

To facilitate the above mentioned orientation of the canisters relative to the axis
of rotation of the hub, the coupling elements on the canister may
advantageously be formed in the sidewall of the canister. If one canister has
more than one coupling element belonging to more than one inlet, the inlets
and/or the coupling elements may advantageously be arranged along a line
extending axially relative to the canister, i.e. from the bottom towards the

closure.

To provide good fixation of the canisters to one of the rings of the bearing, the
canisters may comprise abutment structures forming legs on which the canisters

can be supported on the ring, when the canisters are attached to the outlets.
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The abutment structures thereby form contact between the sidewall and one of
the stationary and movable rings.

In a second aspect, the invention provides a canister for a bearing, the canister
comprising an inner space in fluid communication with an inlet, and at least one
coupling element for releasable snap-connection of the canister to a
corresponding coupling element of a grease outlet of the bearing.

The canister may include any of the features mentioned with respect to the
canister as described above in connection with the first aspect of the invention.

The invention may further provide a method of collecting grease from a bearing,
in particular in a wind turbine. According to this method, a bearing and/or a
canister as described above is applied in the wind turbine, and the grease is
guided via the outlet and inlet from the space between two rings of the bearing
and into the canister.

BRIEF DESCRIPTION OF DRAWINGS

Embodiments of the invention will be described in further details with reference

to the drawings in which:

Figs. 1a and 1b illustrate a bearing according to the invention;

Figs. 2 and 3 illustrate a canister according to the invention;

Figs. 4 and 5 illustrate a closure for a canister according to the invention; and

Figs. 6 and 7 illustrate a triggering structure for release of the inlet from the
outlet;
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DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

Further scope of applicability of the present invention will become apparent from
the following detailed description and specific examples. However, it should be
understood that the detailed description and specific examples, while indicating
preferred embodiments of the invention, are given by way of illustration only,
since various changes and modifications within the spirit and scope of the
invention will become apparent to those skilled in the art from this detailed

description.

Figs. 1a and 1b illustrate a bearing 1 for attaching a wind turbine blade to a

wind turbine hub. The bearing comprises two rings, one of which is a stationary
ring 2, and one of which is a movable ring 3. The movable ring 3 rotates relative
to the stationary ring 2, and both rings comprise a plurality of bores 4 for
attaching the stationary ring to the hub of the wind turbine and the movable ring
3 to the blade for the wind turbine. By use of the bearing, the blade can rotate
around a longitudinal axis of the blade so that the blade can transfer a variable

degree of the energy presented by the wind to the drive shaft.

For lubricating the bearing, grease is discharged into a space between the
stationary ring 2 and the movable ring 3 via pairs of intakes 7. The grease is
rejected from this space via corresponding outlets arranged in the peripheral

outer surface 8 of the stationary ring 2.

For collecting the grease and thus for avoiding pollution of the hub space with

waste grease, the bearing comprises a plurality of canisters 9.

The outlets are connected directly to the illustrated canisters 9 so that grease
from this space can be discharged directly into the canisters 9. In Fig. 1, the
outlets are covered by the canisters 9 and they can therefore not be seen. The
outlets, however, corresponds essentially to the intakes 7, and in the following,

they will be referred to correspondingly as outlets 7.
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The canister 9 is illustrated more clearly in Figs 2 and 3. The canister 9 has two
inlets 10 which are connectable directly to the outlets 7 so that waste grease can
be conducted from the space through the outlets 7 and the inlets 10 into an
inner space inside the canister 9.

The outlets 7 and the inlets 10 are fitted with matching coupling elements with
snap connection feature of the kind available under item no 7500112104 @12 -
1/4" METAL STRAIGHT PUSH-IN, from the company Dunlop Hiflex.

The canister is formed with a bottom 11, a sidewall 12 extending in the direction
indicated by the arrow 13 from the bottom 11 towards an opening 14. The

opening 14 is closed by a releasable closure 18 illustrated in Figs. 4 and 5.

The sidewall of the canister forms an abutment structure 15 which provides
contact between the sidewall 12 and the peripheral outer surface 8 of the
stationary ring 2 when the coupling elements of the inlets 10 and outlet 7 are
joined. To support the canister 9 against the surface 8, the abutment structure
15 forms a curved abutment face 16.

The canister 9 further comprises projections 17 which cooperate with a
triggering structure which will be discussed in further details with reference to
Figs. 6 and 7.

Referring now again to Figs 1a and 1b, the drive shaft of the wind turbine
rotates the hub and thereby all blades - i.e. typically three blades, around an
axis or rotation depicted by the line 5. Each blade and each bearing 1 is
therefore driven with a common rotational speed around the axis depicted by

line 5 in the direction indicated by the arrow 6.

During rotation of the bearing in the direction indicated by the arrow 6, grease
in the canisters 9 will be forced to the bottom 11 of the canisters 9.

The outlets 7 and the inlets 10 comprises cooperating coupling elements which
joins the inlets 10 and outlets 7 in a fixed manner so that the canister 9 is held
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in a fixed position relative to the stationary ring 2. The coupling elements are
adapted for releasable snap-connection of the outlet to the intake. To provide
the snap-connection, a bushing which slides on an outer surface of the couplings
of the inlets 9 either releases radial movable locking pawls from engaging into
the couplings of the outlets 7 or locks the pawls into engagement with the
couplings of the outlets 7 depending on the axial position of the bushings on the
inlets 7. The coupling elements are provided in such a manner that a movement
of the bushing in a direction away from the canister towards the outlets 7
releases the locking paws from the engagement so that the inlets 9 and outlets
7 can be separated and the canister can be removed from the remaining part of

the bearing.

Fig. 3 illustrates the canister 9 with a triggering structure which is described in
further details with reference to Figs. 6 and 7.

Figs. 4-5 illustrate the releasable closure 18 with an opening 19 and a tube 20
which extends from an inner surface 21 of the closure 18 and inwards into the

inner space of the canister 9.

When the canister forms part of the bearing as illustrated in Fig. 1, the tube 20
extends in a radial direction relative to the axis of rotation, c.f. numeral 5 in Fig.
1, i.e. opposite the direction of rotation. The opening 19 and tube 20 form a
ventilation structure allowing release of air from the inner space of the canister 9
when the canister receives grease from the space between the two rings of the
bearing. Due to the outward force associated with the rotation around the axis 5
(cf. Fig 1) of rotation, the grease in the canister will be forced towards the
bottom of the canister in a direction away from the opening 19 and away from
the tube 20. When rotation is stopped, the gravitational force, which, on at least
some of the canisters, acts in the direction from the bottom 11 towards the
releasable closure 18, will tend to force the grease towards the opening 19 of
the canister 9. In this case, the tube 20 will effectively prevent or at least reduce

the amount of grease which is spilled out of the canister 9 via the opening 19.
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Figs. 6-7 illustrate a triggering structure 21 which can be arranged
circumferentially around the sidewall 12 of the canister. The triggering structure
21 is movable relative to the sidewall 12 and relative to the coupling elements
for collective triggering of the release structure on all coupling elements on the
canister 9. This release is carried out by movement of the triggering structure 21
in a direction away from the sidewall 12 of the canister towards the outlet 7 by

finger-pressure on the outwards end portions 21.
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CLAIMS

1. A bearing for attaching a wind turbine blade to a wind turbine hub, the
bearing comprising a stationary ring, a movable ring which can rotate relative to
the stationary ring, and a canister for collecting grease, the bearing comprising
an outlet for releasing grease from a space between the stationary ring and the
movable ring, and the canister comprising at least one inlet for receiving the
grease from the outlet, wherein the outlet and the inlet comprises cooperating

coupling elements by which the canister can be fixed to one of the rings.

2. A bearing according to claim 1, wherein the coupling elements are adapted for

releasable snap-connection of the outlet to the inlet.

3. A bearing according to claim 2, comprising more than one outlet each
comprising a coupling element for releasable snap-connection to individual

coupling elements on the canister.

4. A bearing according to any of the preceding claims, wherein the coupling
elements of the outlet and of the canister are adapted for separation by
triggering a release structure provided on the coupling element on the canister.

5. A bearing according to any of the preceding claims, wherein the coupling
elements of the outlet and of the canister are adapted for separation by
movement of a release structure in a direction from the canister towards the

outlet.

6. A bearing according to any of the preceding claims, wherein the canister
comprises a triggering structure for collective triggering of the release structure

on all coupling elements on the canister.

7. A bearing according to any of the preceding claims, wherein the canister
comprises a bottom, a sidewall extending upwards from the bottom towards an

opening, and a releasable closure for closing the opening.
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8. A bearing according to any of the preceding claims, wherein the canister
comprises a ventilation structure forming an opening into an inner space in the
canister allowing release of air from the inner space of the canister when the

canister receives grease.

9. A bearing according to claim 7 and 8, wherein the ventilation structure forms
part of the releasable closure.

10. A bearing according to claim 9, wherein the ventilation structure forms an
opening in the releasable closure and a tube extending from the opening inwards

into the inner space.

11. A bearing according to any of claims claim 8-10, wherein the opening faces
towards a direction of movement of the canisters caused by rotation of a drive

shaft of the wind turbine.

12. A bearing according to any of claims 10-11, wherein the tube forms a
truncated cone narrowing down in the direction inwards into the inner space in

the canister.

13. A bearing according to any of claims 7-12, wherein the coupling elements on
the canister are formed in the sidewall.

14. A bearing according to any of the preceding claims, further comprising an
abutment structure providing contact between the sidewall and one of the

stationary and movable rings.

15. A canister for a bearing, the canister comprising an inner space in fluid
communication with an inlet, and at least one coupling element for releasable
snap-connection of the canister to a corresponding coupling element of a grease
outlet of the bearing.

16. A canister according to claim 15, comprising a bottom, a sidewall extending
upwards from the bottom towards an opening, and a releasable closure for
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closing the opening, wherein the releasable closure forms a ventilation structure

for release of air from the canister.

17. A canister according to claim 16, wherein the ventilation structure forms an
opening in the releasable closure and a tube extending from the opening inwards

into the inner space.

18. A canister according to any of claims 16-17, wherein the coupling elements

on the canister are formed in the sidewall.
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