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DESCRIPTION

[0001] The invention relates to a method for changing a bearing component of a main bearing
of a wind turbine, with the bearing component directly bearing a rotating shaft.

[0002] The increasing size of wind turbines and the trend towards offshore constructions puts
high demands on serviceability and robustness especially of the main bearings of a wind
turbine, which are used for directly bearing the rotating shaft. As especially these bearings are
extremely loaded by large dynamic shaft deflections, high loads and low speeds these
bearings quite often need maintenance.

[0003] Conventional roller bearings suffer from a very difficult replacement, as the drive train,
the generator of the direct drive turbines and/or the hub with the blades need to be
disassembled. This is only possible when using a crane or a vessel crane for carrying all the
items which need to be disassembled and the bearing itself.

[0004] An alternative to using roller bearings is the use of radial fluid film bearings, which
comprise a split bearing housing with a lower and an upper housing part. In this housing
several separate bearing components are arranged in a ring form. They provide a fluid film on
which the shaft extending through this fluid film bearing can slide. By removing the upper part
of the bearing housing the radial bearing components can be changed in the radial direction of
the shaft. The bearing components are lifted from the bearing housing by using a usual hoist
and lifting equipment. The lower bearings are moved around the shaft for example by pulling
them with steel wires until they are placed on the upper side of the shaft, where they can be
removed. Also this kind of fluid film bearing requires some kind of dissembling and the
replacement of just one bearing component, which needs to be changed, as it often requires
the dissembling of other bearing components, when the broken bearing component is in a
lower position, due to the removal of components in the radial direction.

[0005] From US 2012/0099993 A1 a method of performing maintenance on a wind turbine is
known, which includes the steps of halting the rotation of the shaft, operating a lifting
arrangement to raise the shaft, and removing a bearing pad of the wind turbine main bearing
from the bearing housing of the wind turbine main bearing.

[0006] It is an object of the invention to provide an improved method for changing a bearing
component.

[0007] For solving the problem the invention proposes a method for changing a bearing
component of a main bearing of a wind turbine, with the bearing component directly bearing a
rotating shaft, which method is characterised in that the bearing component being unloaded by
mechanically moving the shaft is axially moved from or into its mounting position by means of a
tool device according to claim 1.
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[0008] According to the invention the respective bearing components are moved axially for
removing them from the bearing housing or moving them into the bearing housing. This is
possible, as the shaft is mechanically moved in order to unload the respective bearing
component. For maintenance the shaft does not rotate. Due to the large mass of the hub and
the blades, which mass is connected to the shaft, the front main bearing and the rear main
bearing are loaded in opposite directions. While the front main bearing is loaded downwards,
the rear main bearing is loaded upwards. The bearing components of the fluid film main
bearings comprise a central component body which is used for providing and distributing the
fluid for creating the fluid film. The component body is provided with a tilting pad, on which the
shaft can rest when is not rotating. According to the invention the shaft is mechanically moved,
in order to unload the respective bearing in order to create a small gap between the shaft and
each individual radial bearing component of the fluid film main bearing. This is done by moving
the shaft upwards or downwards, depending on the main bearing which needs maintenance.
By unloading the respective main bearing or the respective bearing component it is possible to
move the bearing component axially relative to the housing. For this axial movement parallel or
along the shaft a respective replacement tool device is used, which simply needs to be coupled
to the bearing component which needs to be replaced. By removing and replacing the radial
bearing components in the axial direction of the shaft each radial bearing component can be
replaced without removing another radial bearing components or disassembling the housing.
There is also no need for providing a split housing, as the replacement can simply be done by
axially moving the respective component.

[0009] This kind of replacement is especially possible, when the bearing is a hydrodynamic or
hydrostatic bearing with the component having a component body comprising a tilting pad.
This component body usually having a rectangular cross section, which is adapted to the
cylindrical form of the shaft is a metal piece and comprises all necessary features or elements
for guiding the fluid and for creating the fluid film. On a surface directed to the shaft a tilting
pad is arranged on which the shaft can rest when it is not rotating respectively when
maintenance is necessary.

[0010] As explained above the central feature is the unloading of the bearing components
respectively the bearing by moving the shaft in order to create a small gap between the shaft
and the respective bearing component. This movement can be done by using a jack pushing
the shaft. This jack can be arranged between the shaft and a shaft housing or any other kind of
counter bearing. The jack pushes the shaft either for lifting it when the bearing component
which needs to be replaced is part of the front main bearing, or for lowering the shaft when the
bearing component is part of the rear main bearing.

[0011] Another alternative to using a jack is the use of one or more slings wrapped around the
shaft, which slings are used for pulling the shaft either upwards or downwards. Any kind of
mechanical construction, which allows the respective movement of the shaft, is appropriate
and useful.

[0012] According to another aspect of the invention the tool device is positioned in
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circumferential space between the shaft and a circumferential housing and is connected to the
inner axial side of the bearing component. As already explained above the jack or the slings
can be arranged in a space between the shaft and a shaft housing, which space is accessible
through a service door. Also the replacement of the respective bearing components can be
done within this space by positioning the tool device at the inner axial side of the bearing
component. This allows pulling or pushing the respective bearing component out of the
housing or into the housing from the circumferential space side.

[0013] As the bearing components are arranged in a ring form, and as sometimes several or
all components need to be replaced, a simple way of positioning and connecting the tool to the
respective bearing component, which can, as explained, be removed at their installation
position, is desirable. For fulfilling this demand the tool is moved along a ring shaped rail
guiding around the bearing and is positioned and fixed in the respective position in axial
relation to the bearing component to be changed. The tool device used for performing the
inventive method comprises a ring shaped rail guiding which is arranged at the fluid film main
bearing. The tool itself can be moved along this rail guiding and can be positioned right in front
of the component which needs to be changed. So the positioning of the tool is very simple, as it
only needs to be pushed in the respective position, where it is fixed.

[0014] The tool itself can either be manually operated or by means of a motor actuating the
moving mechanism of the tool. This means that the tool can either be manually operated for
the replacement step, i.e. for actually moving the bearing component. It can also be manually
operated for moving it along the rail guiding for positioning the tool in relation to the bearing
component. Alternatively to the manual operation it is possible to use one or separate electric
motors for performing the axial movement and/or the movement along the rail guiding.

[0015] Independent of how the tool is operated, the tool comprises a spindle with connection
means for connecting the bearing component, with the spindle being axially moved when the
tool is operated. The bearing component is pulled on or is pushed from a carrier table
comprised by the tool. This allows a simple design of the tool and a very safe and precise
working.

[0016] Beside the method the invention relates to a tool device for changing a bearing
component, which tool device shall be used in the method as explained above. The tool device
comprises the tool with a carrier table for taking the bearing component to be changed and a
spindle with a connection means to be connected to the bearing component, while the spindle
is movable axially by manual or motor driven operation for axially moving the bearing
component from or into its mounting position.

[0017] The spindle is preferably arranged at least one bearing through which it is axially
movable.

[0018] The spindle is, according to a first embodiment, axially movable by means of a
manually rotatable hand wheel with a threaded bore, in which the threaded spindle is
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arranged, with the threaded bore forming the bearings in which the spindle is arranged. The
hand wheel interacts with the threaded spindle. When the hand wheel rotates the spindle is
axially moved along the carrier table.

[0019] In an alternative embodiment a motor is provided driving a drive wheel meshing with an
interconnecting structure provided at the spindle. The motor for example drives a toothed
wheel meshing with a tooth structure provided at the spindle. The motor can also drive a nut
with a threaded bore meshing with the threaded spindle.

[0020] The connection means used for connecting the spindle to the bearing component
comprises a connection plate which is to be attached to the bearing component by means of at
least one connection element, especially a screw which is to be screwed in a threaded bore
provided at the bearing component. This connection means allows a simple and firm
connection of the spindle to the component allowing a safe axial movement.

[0021] The plate itself is preferably firmly fixed to the end of the spindle, so that there is a very
rigid connection.

[0022] According to another aspect of the invention a ring shaped ring guiding is provided
along which the tool is moveable and fixable. This ring shaped guiding is, as explained above,
attached to the bearing housing and allows the tool to be brought in any desired position
relative to the respective bearing component.

[0023] The rail guiding preferably comprises a first ring having a first diameter and a second
ring having a smaller second diameter, while the tool comprises several wheels or sliding
elements rolling or sliding on the rings. This design comprising the first and second ring allows
a safe and stable movement of the tool.

[0024] Furthermore a fixation means can be provided for fixing the tool in a desired
circumferential position at the rail guiding. This fixation means can be any kind of mechanical
fixation like a clamping device or the like.

[0025] Additional details and advantages of the current invention can be taken from the
following description of preferred embodiments in conjunction with the drawings, in which:

Fig. 1
is a principle sketch showing a longitudinal cut view through the respective parts of a
wind turbine showing the shaft and the respective front and rear main bearings,
Fig. 2
is a principle sketch showing how to move the shaft for unloading the respective bearing,
Fig. 3
is a principle sketch showing the replacement of a bearing component,
Fig. 4
is a front view of the arrangement of fig. 3,
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Fig. 5
is a perspective view of an inventive tool device for replacing a bearing component,
Fig. 6
is a principle sketch showing the tool device attached to the bearing housing in the shaft,
Fig. 7
is a perspective view of the tool,
Fig. 8
is a perspective elevated view of the spindle, and
Fig. 9
is a longitudinal cut through the spindle and the drive arrangement.

[0026] Fig. 1 shows a part of a wind turbine 1, comprising a shaft 2 coupled to a hub 3. The
shaft is arranged in a front main bearing 4 and a rear main bearing 5, both of which are fluid
film bearings.

[0027] The shaft is housed in a housing 6 with a space 7 being provided between the shaft 2
and the housing 6, into which access is possible through at least one service door. In this
space respective means for actively mechanically lifting or lowering the shaft 2 for unloading
the front main bearing 4 or the rear main bearing 5 are provided. Also a respective tool device
for changing a bearing component of either the fluid film front main bearing 4 or the fluid film
rear main bearing 5 is arranged in this space 7.

[0028] Fig. 2 shows a principle sketch of for example the front main bearing 4 comprising a
one-piece bearing housing 8 in which, see for example fig. 4, several separate bearing
components 9 which are used for the fluid film bearing of the shaft 2 are arranged. Due to the
high load hanging at the shaft 2, which load is mainly realised by the hub 3 and the not shown
blades arranged at the hub, the front main bearing 4 shown in fig. 2 is loaded by the shaft 2
which does not rotate when maintenance or service is performed. Certainly also the rear main
bearing 5 is loaded in an opposite direction, while not shown in the figure. The shaft 2 rests on
at least one, usually more of the respective bearing components arranged at the lower side of
the main bearing 4. The bearing components 9 comprise respective tilting pads arranged at
their upper side, on which the shaft 2 rests.

[0029] When it is necessary to remove a bearing component which may be under load it is
necessary to lift the shaft 2 from its contact with the respective bearing components 9 in order
to create a small gap between the shaft and the bearing components 9. This mechanical
movement of the shaft 2 can either be performed by using at least one jack 10 positioned
below the shaft 2 used for pushing it upwards. This jack 10 is installed in the space 7 closed to
the main bearing 4 respectively the bearing housing. By operating this hydraulic or pneumatic
jack 10 the shaft 2 can be pushed upwards just to create the small gap between the shaft 2
and the bearing components 9, which are then unloaded and can be removed in an axial
direction as explained later.
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[0030] Fig. 2 also shows an alternative way of lifting the shaft 2 using one or more slings 11
wrapped around the shaft 2. These slings are pulled upwards in order to lift the shaft 2 by
means of a hoist or the like. Also this mechanical arrangement allows unloading the bearing
components.

[0031] Fig. 3 and 4 show principle sketches of the inventive way of replacing a bearing
component 9. Fig. 3 shows a situation comparable to fig. 2, with the shaft 2 being already lifted
and with the respective bearing components 9 being unloaded. The bearing component 9
shown below the shaft 2 can now be axially moved, as shown by the arrow 12, in an axial
direction parallel to the shaft 2. It can be moved out of the housing 8 or into the housing 8 by
using a respective tool device which is explained later.

[0032] Fig. 4 shows the respective arrangement of fig. 3 from the front side, with the bearing
component 9 which is to be replaced being shown by the dotted lines.

[0033] It is to be noted that the lifting action of the shafts 2 is only necessary when a bearing
component 9 needs to be changed which is loaded. If for example the upmost bearing
component 9 needs to be replaced no unloading action is necessary, as the bearing
component 9 is already unloaded.

[0034] The opposite action is the case at the rear main bearing 5. This rear main bearing 5 is
loaded in its upper part, as the shaft 2 tilts due to the high mass to which it is attached. When
maintenance is to be performed at the rear main bearing 5 the shaft needs to be pushed
downwards in order to unload the bearing components 9 in the upper part of the housing 8.
Also this shaft movement can be performed by means of a jack 10 being installed above the
shaft 2 for pushing it downwards or by means of slings 11 hanging from the shaft 2 being
pulled downwards.

[0035] Fig. 5 shows an inventive tool device 13 which is used for axially moving a bearing
component 9. This tool device 13 comprises the tool 14 and a rail guiding 15, along which the
tool 14 is moveable. The rail guiding 15 comprises a first ring 16 which is to be fixed to the
bearing housing 8 having a larger diameter than the second ring 17, which is axially spaced
apart from the first ring 16 and which is attached to the shaft 2. The tool 14 comprises several
rollers 18, 19 which are arranged in respective roller guidings at the respective ring 16, 17
allowing a movement of the tool 14 along the rail guiding 15.

[0036] This tool device 13 is attached to the bearing housing 8 by means of the ring 16 and to
the shaft 2 by means of the ring 17 as shown in the principle sketch of fig. 6. Fig. 6 also shows
in principle the respective bearing components 9 and the tool 14 which is arranged in an axial
relation to the respective bearing component 9, and which can, as shown by the arrow 20, be
moved in a connecting position relative to any of the bearing components 9 and fixed in the
respective working position.

[0037] Figures 5 and 7 show several details of the tool 14. It comprises a carrier table 21 used
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for taking a bearing component 9. This bearing component 9 is either pulled out of the housing
8 or shall be pushed into the housing 8.

[0038] The tool 14 further comprises a threaded spindle 22 which is axially moveable along the
carrier table 21, and which comprises a connection means 23 used for connecting the tool 14
to the bearing component. This connection means 23 is firmly attached to the spindle 22.

[0039] For moving the spindle 22 the spindle 22 is arranged in a bearing 24 comprising a
bearing holder 25 into which a cylindrical part 26 with a threaded bore 27 is inserted. This
cylindrical part 26 is part of a hand wheel 28. The threads of the bore 27 mesh with the threads
of the spindle 22. As the hand wheel 28 is fixed in its axial position the spindle is pushed
through the bearing 24 when the hand wheel 28 is rotated.

[0040] The connection means 23 comprises a connection plate 29 with as shown in the
example two bores 30 in which respective screws are inserted, which are screwed into
respective receiving bores provided at the component 9.

[0041] In operation, after the tool device 13 is installed at the bearing housing 8 respectively
the shaft 2, the tool 14 is positioned in axial relation to the respective bearing component 9
which needs to be replaced. Depending on the position of this component movement of the
shaft may be necessary. As already explained, when the component 9 is part of the front main
bearing 4 and positioned in the lower half of the bearing housing 8, the shaft needs to be
pushed upwards for unloading the respective bearing component. When the bearing
component 9 is part of the rear main bearing 5 and is arranged in the upper part of the
housing 8, the shaft 2 needs to be lowered for unloading the bearing components 9.

[0042] When the respective bearing component 9 is in an unloaded state, the connection
means 23 respectively the connection plate 29 is firmly mounted to the bearing component 9
after it is attached to it by axially moving the spindle 22 by turning the hand wheel 28. \When
fixing the plate 29 to the bearing component 9 the hand wheel 28 is rotated in the opposite
direction for moving the spindle 22 away from the bearing pulling the bearing component 9 out
of the housing 8 and bringing it on the carrier table 21. When the bearing component 9 is
completely pulled out of the housing 8 the bearing component 9 can be taken from the carrier
table 21 after opening the connection of the plate 29 to the bearing component 9. A new
bearing component 9 which shall be inserted in the housing 8 is then arranged at the carrier
table 21 and is connected to the connection plate 29. Afterwards the hand wheel 28 is
operated again in order to move the spindle 22 towards the housing, thereby pushing the
bearing component 9 into the housing 8 for bringing it in its mounting position.

[0043] After performing this change the tool 14 is moved to the next position adjacent to a
bearing component 9 which needs to be changed, if need be.

[0044] While the figures show a manual operation of the tool 14 by means of the hand wheel
28 it is also possible to have an motor driven movement of the spindle 22 by connecting the
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motor for example via a tooth wheel to the spindle 22.

[0045] Finally, the tool 14 can be moved along the rail guiding 13 manually or also by means of
an electric motor.

[0046] 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 appended claims.
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Patentkrav

1. Veerktgjsindretning til udskiftning af en lejekomponent, kendetegnet ved,
at veerktgjsindretningen (13) omfatter et vaerktej (14) med et baererbord (21)
til at optage lejekomponenten (9), der skal udskiftes, og en spindel (22) med
et forbindelsesmiddel (23), der skal forbindes med lejekomponenten (9), mens
spindlen (22) er aksialt beveegelig ved en manuel eller motordrevet proces for
at bevaege lejekomponenten (9) aksialt fra eller til dens monteringsposition.

2. Veerktgjsindretning ifglge krav 1, kendetegnet ved, at spindlen (22) er an-
bragt i mindst et leje (24), hvorigennem den er aksialt beveegelig.

3. Veerktgjsindretning ifglge krav 2, kendetegnet ved, at et manuelt roterbart
handhjul (28) med en gevindboring (27), hvori gevindspindlen (22) er anbragt,
er tilvejebragt og danner det mindst ene leje (24).

4. Veerktgjsindretning ifelge et af de foregdende krav, kendetegnet ved, at
der er tilvejebragt en motor, som driver et drivhjul, som er i indgreb med en
forbindelseskonstruktion, der er tilvejebragt pa spindlen (22).

5. Veerktejsindretning ifalge et af de foregdende krav, kendetegnet ved, at
forbindelsesmidlet (23) omfatter en forbindelsesplade (29), som skal fastgeres
til lejekomponenten (9) ved hjaelp af mindst et forbindelseselement, isaer en
skrue, som skal skrues ind i en gevindboring, der er tilvejebragt i lejekompo-
nenten (9).

6. VVeerktgjsindretning ifelge krav 5, kendetegnet ved, at pladen (29) er fast
fikseret til enden af spindlen (22).

7. Veerktgjsindretning ifelge et af de foregadende krav, kendetegnet ved, at
der er tilvejebragt en ringformet skinnefgring (15), langs hvilken veerktgjet (14)
er beveaegeligt og fikserbart.
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8. Veerktgjsindretning ifslge krav 7, kendetegnet ved, at skinnefaringen (15)
omfatter en farste ring (16), som har en farste diameter, og en andenring (17),
der har en mindre anden diameter, og at vaerktgjet (14) omfatter adskillige hjul
(18, 19) eller glideelementer, som ruller eller glider pa ringene (16, 17).

9. Veaerktgjsindretning ifslge krav 7 eller 8, kendetegnet ved, at der er tilveje-
bragt et fikseringsmiddel til fiksering af veerktgjet (14) i en @nsket periferisk
position pa skinnefgringen (15).

10. Fremgangsmade til udskiftning af en lejekomponent af et hovedleje af en
vindmglle, hvor lejekomponenten direkte baerer en rotationsaksel, hvor leje-
komponenten (9), som aflastes ved mekanisk bevaegelse af akslen (2), bevae-
ges aksialt fra eller til sin monteringsposition ved hjeelp af en veerktgjsindret-
ning (13) ifelge et af de foregaende krav.

11. Fremgangsmade ifglge krav 10, kendetegnet ved, at der som lejekompo-
nent (9) bevaeges et komponentelement omfattende en vipningspad af et hy-
drodynamisk eller hydrostatisk leje.

12. Fremgangsmade ifalge krav 10 eller 11, kendetegnet ved, at akslen (2)
bevaeges ved hjaelp af en jack (10), som skubber akslen (2), eller ved hjeelp af
en eller flere slynger (11), der treekker akslen (2).

13. Fremgangsmade ifelge et af kravene 10 til 12, kendetegnet ved, at vaerk-
tejsindretningen (13) er positioneret i et periferisk rum (7) mellem akslen (2)
og et periferisk hus (6) og er forbundet med den indvendige aksiale side af
lejekomponenten (9).

14. Fremgangsmade ifglge et af kravene 10 til 13, kendetegnet ved, at vaerk-
tejet (14) beveeges langs en ringformet skinnefgring (15) rundt om lejet og an-
bringes og fikseres i den respektive position i et aksialt forhold til lejekompo-
nenten (9), der skal udskiftes.
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15. Fremgangsmade ifglge et af kravene 10 til 14, kendetegnet ved, at vaerk-
tajet (14) betjenes manuelt eller drives ved hjaelp af en motor, der aktiverer
veerktajets (14) bevaegelsesmekanisme.

16. Fremgangsmade ifelge et af kravene 10 til 15, kendetegnet ved, at leje-
komponenten (9) traekkes pa eller skubbes fra baererbordet (21), der herer til
veaerktgjet (14).
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