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WINDTURBINE COMPRISING A BEARING SEAL

The present i1nvention relates to a wind turbine comprising a
bearing seal, 1n particular to wind turbines with a direct
drive generator, e.g. direct drive wind turbines of 1 MW or
more. In wind turbines comprising a direct drive generator, the
rotor 1s directly driven by the rotor. The main bearing is
located between the housing ring and the rotor and is designed
to absorb the gravitational and aerodynamic loads on the rotor.

Particularly in direct drive systems without transmissions,

diameters are large and circumferential speeds are high. The

service life of the main bearing determines to a large extent

'

the service life of the wind turbine as replacing the main

bearing leads to high costs. In circumstances whereby the wind

turbine 1is placed in difficult accessible locations, for

instance at sea, replacing the main bearing during service life

must be avoided. The service life of the main bearing depends

to a large extent on the service life of the o0il seals between

the rotating parts and the stationary parts of the main

pearing. These o0il seals are required to ensure that sufficient

lubrication means such as 0il remains in the main bearing. The

assempbly and disassembly of oil seals requires dismantling of

the equipment.

A wind turbine with a bearing seal is for example disclosed in

WO 2004/015288. This bearing seal comprises a single two-piece

seal at either side of the gap between the inner and outer

bearing races. The complex labyrinth structure of the seal

parts may considerably reduce the life time of the seals.

It 1s an object of the invention to avoid the need to dismantle

the wind turbine for replacement of an oil seal.
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The object of the invention is achieved with a wind turbine

provided with a bearing supporting a hub carrying rotor blades,
the bearing comprising a rotational bearing race connected to

the hub, a stationary bearing race, and a lubrication area

between the bearing races which area is confined at both ends

by first seal rings sealing the gap between the rotational

bearing race and stationary parts to form a lubrication barriler

characterized in that at one or both ends of the lubrication

area a redundant seal ring 1s arranged at a distance from the

first seal ring in or near the gap to be sealed.

The redundant ring 1s already present surrounding the axis of

rotation and the part between the rotor blades and the housing

of the wind turbine, so the rotor does not need to be

dismantled when the first seal ring needs to be replaced by the

redundant seal ring.

The redundant seal ring can be used to replace the first seal

ring. Alternatively, 1t can be used to support the first seal

ring. To that end, the first seal ring and the redundant seal

ring can be used 1in combination right from the start.

Preferably, both ends of the gap between the rotating bearing
race and the stationary parts comprise a first seal ring and a

redundant seal ring.

In use, a thin film of lubrication medium, e.g. a lubrication

0il, separates the active seal rings form the sealing surfaces

engaged by the seal rings.

Optionally, a third seal ring or even further seal rings can be

used as supporting seals and / or as replacement seals.
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In a further embodiment the stationary bearing race does not

. =

comprise a disengagement section. This means that, 1f the

redundant seal ring is mounted in a support ring spacing both
bearing races, the inner bearing race does not comprise a
groove or part with reduced or enlarged diameter disengaglng
the redundant seal ring. In other words, the inner bearing race

does not comprise a second sealing area that only cooperates

with the redundant seal ring after displacement of the support

ring into a second sealing position.

The lubrication area may contailn bearing balls spacing the

inner and outer bearing races.

Typically, the i1nner race 1s statiocnary while the outer bearing
race rotates, belng directly driven by the rotor without

gearing.

In order to extend service life of the oil seals as much as

possible the sealing surfaces are preferably made from tempered

steel and have a ground surface. This way the wear on the seal

ring can be substantially reduced.

The seals and the exterior seal are for example made from

flexible material such as rubber or preferably contain Teflon®

Or a similar material in order to obtalin an enhanced service

life.

In a particular embodiment, a support member is used comprising

two concentric grooves for holding two seal rings in sealing

engagement with lateral sections of the inner and outer bearing

races respectively. This way, only the support member needs to

be taken off to replace one of the seal rings.
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€ngages the support ring. This way, the first seal ring can be
replaced by the redundant seal ring in a simple and cost

effective manner by merely moving the support member to its

second position.

In a further alternative embodiment, a ring member can be used
CO space the bearing races, while for each bearing race a seal
ring seals the gap with the ring member, the ring member
comprising first fixation means suitable for locking the ring
member to the stationary bearing race, and second fixation
means suitable for locking the ring member to the rotational
bearing race. When the first fixation means locks the ring
member to the stationary member race, the seal ring bridging
the ring member and the rotational bearing race forms the
dynamic seal. After failure due to wear, the first fixation
means can be deactivated and the second fixation means can be

used to lock the ring member to the rotational bearing race.

In that situation, the ring member is rotated together with

the rotational bearing race and the seal between the ring

member and the stationary bearing race becomes the dynamic

seal.

In accordance with one aspect of the present i1nvention, there
18 provided a wind turbine comprising a bearing supporting a
hub carrying rotor blades, the bearing including a rotational
bearing race connected to the hub and a stationary bearing

race, a lubrication area between the bearing races which area
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direct drive wind turbine, and at one or both ends of the
lubrication area a redundant seal ring is arranged at a

distance from the first seal ring in or near the gap to be

sealed.

Hereafter the invention is explained by describing various

embodiments of the invention with the aid of a drawing. In the

drawing:

Figure 1 shows a side view of a wind turbine;

Figure 2 shows a detailed section of a bearing of the wind

turbine of Figure 1;
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Figure 3 shows a detail of a second embodiment according to

the present invention;

Figure 4 shows a detail of a third embodiment;
Figure 5 shows a detail of a fourth embodiment;
Figure 6 shows a detail of a fifth embodiment;
Figure 7 shows a detail of a sixth embodiment;
Figure 8 shows a detail of a seventh embodiment.

Figure 1 shows a wind turbine that 1i1is placed on a tower 1 and
that has a housing 2. The housing 2 is rotatable around a
vertical axis. A housing ring 4 is with one side attached to
the housing 2 and at the other side to a main bearing 9. A

rotor R, comprising a hub 11 with blades 10 is attached to the

mailn pearing 9 and can rotate around a centreline 3. At the

front side the hub 11 is covered by a cap 1l2. A generator rotor

6 with permanent magnets 5 is attached via a generator flange 8
to the main bearing 9 and rotates with the rotor R. A generator
stator /7 1s mounted on the housing ring 4. The permanent

P

magnets 5 move along the windings of the generator stator 7 to

generate electrical power. The housing 2 can rotate around the

vertical axis so that the rotor R can be directed towards the

wind.

The wind turbine 1s designed with a direct drive generator and
the generator rotor 6 1s directly driven by the rotor R. The
maln bearing 1s located between the housing ring 4 and the
rotor R and 1s designed to withstand the gravitational and

aerodynamic loads on the rotor R.

Figure 2 shows the main bearing 9, which is a ball 10 bearing
with balls 18, whereby an o0il seal device is mounted between a
stationary inner bearing race 17 and a rotating outer bearing
race 16 on both sides of the balls 18. The inner bearing race

_

17 1s mounted on a flange 26 of the housing ring 4. The




10

15

20

20

30

CA 02717041 2010-08-27
WO 2009/106610 PCT/EP2009/052363

generator flange 8 and the hub 11 are mounted on the outer
bearing race 16. A support ring 14 1is coupled to the outer
bearing race 16 by bolts 13. A cylindrical part 27 of the
support ring 14 is located between the inner ring 17 and the

outer ring 16. A static seal 19 1s mounted on the outer

clrcumference of the cylindrical part 27 and seals the opening

between the outer ring 16 and the support ring 14. On the inner

circumference of the support ring 14 an interior seal 20 and an
exterior seal 21 are mounted, whereby the interior seal 20 1is
nearest to the parts to be lubricated such as the balls 18 and

the exterior seal 21 1s nearest to the surroundings. The outer

circumference of the inner bearing race 17 near the support

ring 14 has an exterior sealing surface 28 and an interior
sealing surface 29 which i1s nearest to the parts to be

lubricated.

In the embodiment of Figure 2, the seal rings are mounted in

the ring 14. Alternatively one or both of the seal rings 20, 21

can be mounted 1n the stationary bearing race sealingly

gy

engaging the surface of the ring 14.

-y

Figure 3 shows a further embodiment of a wind turbine according

to the present 1nvention, which is to a large extent similar to

the embodiment of Figure 2, same parts being numbered with the

same reference numbers. In Figure 3, interior seal 20A is

located 1n a deeper recess storing the seal ring 20A at a

o~

distance from the opposite surface of the inner bearing race 17

to prevent wear. Only after failure of the exterior seal ring

21A, the redundant exterior seal ring 20A is removed from its

recess and used to replace the interior seal ring 20A. In

further alternative embodiments, the recess storing redundant

exterior seal 20A can be located elsewhere, for instance in a

surface which does not face the inner bearing race 17.

Alternatively, the interior seal ring 21A can be stored in a
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k)

deeper recess as a replacement ring to be used after failure of

the exterior seal ring Z20A.

Figure 4 shows an embodiment which has, Jjust like the

embodiment of Figure 2, two simultaneously active seal rings

20, 21, and two spare redundant seal rings 20B, 21B stored in a

recess at a distance from the inner bearing race 1l/7. In an

alternative embodiment, the redundant seal ring or seal rings

can be stored in a recess within the lubrication area 1n

contact with the lubrication medium.

Figure 5 shows schematically an embodiment wherein a seal ring
20C seals directly the gap between the inner bearing race 17C
and outer bearing race 16C. Redundant replacement seals 21C are

p—

stored in a recess on the lateral surface of the inner bearing

race 17C.

Figure 6 shows an embodiment having a support member 14D

comprising two concentric grooves for holding two seal rings
19D, 21D in seallng engagement with lateral sections of the

inner and outer bearing races 17D, 16D respectively. Redundant
sealing rings 20D are stored in a separate recess in the
support memper 14D. In an alternative embodiment, the redundant

seal ring or seal rings can be stored in a recess within the

lubrication area between seal rings 19D and 20D in contact with

the lubrication medium.

In Figure 7 there 1is a spacer 15 between the support ring 14E

and the outer bearing race 16 (via the generator flange 8 and

L4l

the hub 11). The support ring 1l4E 1s in a first position

*J
J

whereilin the seal ring 21E seals against the ring member 14E. A

redundant seal ring 20E faces a groove 22 in the opposite

surface of support ring 14E so that there is no contact between

and the redundant seal 20E. As the

L]

the support ring 14
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4L

redundant seal ring 20E 1s behind the active seal Z1E it has no

influence from contamination or light and there 1s no wear on

This way the redundant seal Z20E remains

L+

the redundant seal 2Z20E.

ready for use and as long as it is 1in this first position, it

is protected from environmental influences. After a period the

end of the service life of the seal ring 21E is detected by

L]

and the sealing

observing o1l leakage between the seal ring 21

surface 28. After determining that the seal ring 21E is at the

end of 1ts service life the spacer 15 is removed and the

{*]

support ring 1l4E 1s pushed inwards and fastened to the outer

ring 16 with the bolts 13 (via the generator flange 8 or the

L]

hub 11). The support ring 14E is now in its second position. In

this second position, the seal ring 20E seals on the interior

L

surface of the support ring 1l4E.

In Figure 8 a ring member 14F separates the bearing races 16F,
17F. For each bearing race a seal ring 20F, 21F seals the gap

with the ring member 14F. The ring member comprises first

fixation means 13F to lock the ring member 14F to the
stationary bearing race 17F, and second fixation means 13G to
lock the ring member 14F to the rotational bearing race 16F.
When the first fixation means 13F lock the ring member 14F to

the stationary member race 17F, the seal ring 20F bridging the

ring member 14F and the rotational bearing race 16F forms the

dynamic seal. After failure due to wear, the first fixation

means 13F can be deactivated and the second fixation means 13G

can be used to lock the ring member to the rotational bearing

race 1oF. In that situation, the ring member 14F is rotated
together with the rotational bearing race 16F and the seal
between the ring member 14F and the stationary bearing race 17F

becomes the dynamic seal.

In the embodiment shown in the drawings the main bearing is

shown as a double row ball bearing. It will be clear to the
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v

skilled man that the invention 1s applicable for other types o:

tl

pall bearings and for roller bearings or for any other type of

bearing.
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CLAIMS:

1. A wind turbine provided with a bearing supporting a hub
carrying rotor blades, the bearing comprising a
rotational bearing race connected to the hub and a

stationary bearing race, wherein a lubrication area

between the bearing races 1s sealed at both ends by first

seal rings forming a lubrication barrier in a gap between
the rotational bearing race and the stationary bearing
race whereln at one or both ends of the lubrication area
a redundant seal ring 1s arranged at a distance from the
first seal ring and the gap to be sealed and further

comprising a support ring having two concentric grooves

configured to hold the first seal ring and the redundant
seal ring 1n sealing engagement with lateral sections of

the 1nner and outer bearing races respectively.

2 . A wind turbine provided with a bearing supporting a hub
carrying rotor blades, the bearing comprising a
rotational bearing race connected to the hub and a
stationary bearing race, wherein a lubrication area

between the bearing races 1s sealed at both ends by first

seal rings forming a lubrication barrier in a gap between
the rotational bearing race and the stationary bearing
race wherein at one or both ends of the lubrication area

a redundant seal ring 1s arranged at a distance from the

first seal ring in the gap to be sealed and wherein the

e

f1rst seal ring and the redundant seal ring are mounted

1n one of the bearing races facing a support ring
comprislng a concentric recess and in that the support
ring 1s displaceable from a first sealing position
wherein the redundant seal ring faces the recess while
the first seal ring engages the support ring to form a
seal, to a second position wherein the redundant seal

ring engages the support ring to form a seal.
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A wind turbine provided with a bearing supporting a hub

carrying rotor blades, the bearing comprising a

rotational bearing race connected to the hub and a

stationary bearing race, wherein a lubrication area

between the bearing races is sealed at both ends by first
seal rings forming a lubrication barrier in a gap between

the rotational bearing race and the stationary bearing

race wherein at one or both ends of the lubricatlion area
a redundant seal ring 1s arranged at a distance from the
first seal ring 1n the gap to be sealed and wherein a
support ring separates the bearing races wherein for each
bearing race a seal ring seals the gap with the support
ring and in that the support ring 1is selectively
connectable to the stationary bearing race and to the

rotational bearing race respectively.

A wind turbine provided with a bearing supporting a hub
carrylng rotor blades, the bearing comprising a
rotational bearing race connected to the hub and a
stationary bearing race, wherein a lubrication area
between the bearing races 1s sealed at both ends by first
seal rings forming a lubrication barrier in a gap between
the rotational bearing race and the stationary bearing
race wherein at one or both ends of the lubrication area
a redundant seal ring 1s arranged at a distance from the
first seal ring 1n the gap to be sealed and further

comprising a support ring, wherein the first seal ring

and the redundant seal ring are mounted in one of the

barrier races facing the support ring concentrically

positioned between the two bearing races at the end of

the lubrication area and com prising a concentric recess

and wherein the support ring 1is displaceable from a first
sealing position i1n which the redundant seal ring faces

the recess whilile the first seal ring sealingly engages
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the support ring, to a second position in which the

redundant ring sealingly engages the support ring.

A wind turbine provided with a bearing supporting a hub

carrying rotor blades, the bearing comprising a
rotational bearing race connected to the hub and a
stationary bearing race, wherein a lubrication area

between the bearing races 1s confined at both ends by

first seal rings sealing the lubrication area, wherein at
one or both ends of the lubrication area a redundant seal

ring 1s stored 1n a recess 1in a surface not facing a

surface of the 1nner bearing race defining the
lubrication area without engaging a sealing surface in

order to be avallable for use after failure of the first

seal ring.

The wind turbine according to claim 5 and further

(

comprising a support ring positioned proximate an end of

both the rotational bearing race and the stationary race

and wherein the support ring includes the surface not

gy

facing the surface of the inner bearing race defining the

lubrication area without engaging a sealing surface.

The wind turbine of clailm 6 and wherein the support ring
comprises two concentric grooves for holding two

concentric seal rings 1n sealing engagement with lateral

sections of the i1nner and outer bearing races

respectively.



PCT/EP2009/052363

WO 2009/106610

1/4

-

o
I

g

SUBSTITUTE SHEET (RULE 26)



—
o |
B
3
N
~

T

W7/

4/
|

o

&

. 0F
= A i

WO 2009/106610

SUBSTITUTE SHEET (RULE 26)



CA 02717041 2010-08-27

WO 2009/106610 PCT/EP2009/052363
3/4

14 C

Fig.5

16 C

17 C

Fig.6

16 D

SUBSTITUTE SHEET (RULE 26)



CA 02717041 2010-08-27

WO 2009/106610 PCT/EP2009/052363
4/4

Fig.7

16 E

22

17E

e
\

14 E

Fig.8
]
13 G a!—llfumu 16 F
14 F
17F
13 F —i-

SUBSTITUTE SHEET (RULE 26)



17F




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - abstract drawing

