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Description

[Technical Field]

[0001] The present invention relates to a wind turbine, and more particularly, to an apparatus for moving blades of a
wind turbine, a method for repairing pitch bearings using the same, and a wind turbine including the same.

[Background Art]

[0002] EP 2 312 152 A2 relates to a wind turbine including a tower member a yaw system, a central hub and a plurality
of blade members. The wind turbine further includes a component manipulating system operatively coupled between at
least one of the plurality of blade members and the tower member. The component manipulating system includes a
blade member support structure including a first end pivotally connected relative to the tower member that extends to
a second end operatively coupled to the one of the plurality of blade members, and a winching system operatively
connected to the one of the plurality of blade members and the tower member. The winching system is selectively
operated to shift the one of the plurality of blade members relative to the tower member in order to enable serving of the
wind turbine.
[0003] US 2007/290426 A1 concerns a device for mounting and/or dismantling a a rotor blade of a wind turbine
comprising a tower head. Said device comprises at least one guide element that stretches between the tower head and
the ground and has at least one supporting device that is essentially fixed in the air, supporting at least a partial load of
the weight of the component during the transport of the latter between the ground and the wind turbine.
[0004] US 20110/139062 A1 discloses a method and lifting arrangement for lowering and raising a single rotor blade
of a wind turbine from a’ six-o’clock position is provided. Lifting fixtures are symmetrically installed on a hub surface
about the rotor blade being replaced. Lifting lines from coordinated ground winches pass over the lifting fixtures to support
the blade and attach to a blade harness. The blade harness attaches over a substantial length of the rotor blade,
distributing the blade weight broadly. A tail pick crane facilitates transfer of the rotor blade between a vertical and a
horizontal position stored position.
[0005] FIG. 1 is a perspective view of a wind turbine. As can be seen in FIG. 1, a wind turbine 1 that generates power
by wind, which is a form of natural energy, includes a nacelle 3 installed on top of a tower 2, a hub 4 installed in front of
the nacelle 3, and blades 5 installed at the hub 4. The wind turbine is generally a three-bladed design. That is, three
blades 5a, 5b, and 5c are installed at the hub 4 at 120-degree intervals.
[0006] The nacelle 3 is connected to the hub 4 by a main shaft adapted to rotate together with the hub 4, and a speed-
up gear connected to the main shaft and a generator connected to the speed-up gear are installed inside the nacelle 3.
[0007] The wind turbine 1 produces electricity using a generator as the main shaft rotates with the rotation of the
blades 5, and torque of the speed-up gear connected to the main shaft is transferred to the generator inside the nacelle.
[0008] The blades 5 of the wind turbine 1 are connected to the hub while being connected to pitch bearings in order
to change their angle of attack according to the wind speed. In general, the pitch of a blade can be changed in the range
of 0 to 90 degrees.
[0009] Since the pitch of the blades 5 can be changed in the range of 0 to 90 degrees, the inner rings of the pitch
bearings, which are worn by internal gears of the pitch bearings, should also be able to be changed in the range of 0 to
90 degrees, when the pitch of the blades 5 is changed.
[0010] When the inner rings of the pitch bearings of the blades 5 are worn in this limited range, the area of contact
between the internal gears of the pitch bearings and the inner rings of the pitch bearings is changed from the range of
0 to 90 degrees (first section) to a range of 90 to 180 degrees (second section), a range of 180 to 270 degrees (third
section), or a range of 270 to 360 degrees (fourth section), thereby extending the lifespan of the pitch bearings.
[0011] A pitch bearing repair process for changing the positions of the internal gears of the pitch bearings of the blades
5 consists of a process of removing all of the three blades 5a, 5b, and 5c from the hub 4, changing the positions of the
inner rings of the pitch bearings, and then reassembling the three blades 5a, 5b, and 5c to the hub 4.
[0012] Since the three blades 5a, 5b, and 5c connected to the hub 4 are large, the process of removing the blades
5a, 5b, and 5c from the hub 4 and reassembling them is not easy and it takes a lot of time for repair.
[0013] The above information disclosed in this Background section is only for enhancement of understanding of the
background of the invention and therefore it may contain information that does not form the prior art that is already known
in this country to a person of ordinary skill in the art.
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[DISCLOSURE]

[Technical Problem]

[0014] The present invention has been made in an effort to provide an apparatus and method for moving blades, which
make it easy to remove blades of a wind turbine and move them.
[0015] Furthermore, the present invention has been made in an effort to provide an apparatus and method for moving
blades, which allow the repair of pitch bearings of a wind turbine and reduce repair time.

[Technical Solution]

[0016] An exemplary embodiment of the present invention provides an apparatus according to claim 1.
[0017] The first protrusions may be formed in pairs.
[0018] A pair of first protrusions may be arranged at 180-degree intervals at the root portion of a blade.
[0019] The pair of first protrusions may be formed on an outer or inner peripheral surface of the root portion of the blade.
[0020] The first holes formed in the pair of first protrusions may be open in a direction parallel to the direction in which
the blade extends.
[0021] The second protrusions may be fixed in position on a horizontal center line of the blades in a direction parallel
to the front of the root portions of the blades.
[0022] The pair of wires to be connected to the first and second wire connectors may be connected to a pair of first
protrusions of the first and second wire connectors located on the upper side.
[0023] The pair of wires connected to the pair of first protrusions of the first and second wire connectors may be
connected to a pair of protrusions of the third wire connector.
[0024] The pair of wires may be adapted to pass through the second holes of the third wire connectors.
[0025] The pair of wires may be equal in length.
[0026] The pair of wires connected between the first and third wire connectors and between the second and third wire
connectors may be arranged to not cross each other.
[0027] Coupling loops may be formed at opposite ends of the pair of wires.
[0028] Another exemplary embodiment of the present invention provides a wind turbine including the above-described
blade moving apparatus.
[0029] Another exemplary embodiment of the present invention provides a method for repairing pitch bearings of a
wind turbine using the above-described apparatus for moving blades for the wind turbine, the method including: (a)
locating first and second blades higher than a third blade (S101); (b) connecting a pair of wires between first and third
wire connectors and between second and third wire connectors (S102); (c) removing a third blade from a hub (S103);
(d) moving the third blade in a direction away from the hub by changing a pitch of the first and second blades (S104);
(e) rotating the pitch bearing of the third blade (S105); (f) moving the third blade in a direction toward the hub (S106);
(g) connecting the third blade to the hub (S107); and (h) removing the pair of wires from between the first and third wire
connectors and from between the second and third wire connectors (S108).
[0030] In (a), the first blade and the second blade may be placed bilaterally symmetrically with respect to the third blade.
[0031] In (b), the first wire and the second wire may be placed bilaterally symmetrically with respect to the vertical
central axis of the wind turbine.
[0032] In (d) and (f), the pitch of the first blade and the pitch of the second blade may be turned in opposite directions
to move the third blade downward.

[Advantageous Effects]

[0033] According to an embodiment of the present invention, blades of a wind turbine can be easily moved.
[0034] According to an embodiment of the present invention, a pitch bearing of a wind turbine can be easily repaired
using an apparatus for moving blades of a wind turbine.

[Description of the Drawings]

[0035]

FIG. 1 is a perspective view of a wind turbine.
FIG. 2 is a partial perspective view of a wind turbine equipped with an apparatus for moving blades of the wind
turbine according to an exemplary embodiment of the present invention.
FIG. 3 is a cross-sectional view of portion A in FIG. 2.
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FIG. 4 is an enlarged view of portion A in FIG. 2.
FIG. 5 is a partial plan view of FIG. 2 as viewed from above.
FIG. 6 is a view illustrating one end of a wire installed at a wire connector of an apparatus for moving blades of a
wind turbine according to an exemplary embodiment of the present invention.
FIG. 7 is a view illustrating one end of a wire being installed at a wire connector of an apparatus for moving blades
for a wind turbine according to an exemplary embodiment of the present invention.
FIG. 8 is a view illustrating wires being installed at wire connectors of a blade moving apparatus of a wind turbine
according to an exemplary embodiment of the present invention.
FIG. 9 is a view illustrating wires being installed at wire connectors of a blade moving apparatus of a wind turbine
according to another exemplary embodiment of the present invention.
FIG. 10 is a view illustrating wire connectors of a blade moving apparatus of a wind turbine according to another
exemplary embodiment of the present invention.
FIG. 11 is a flowchart of a method for repairing pitch bearings of a wind turbine according to an exemplary embodiment
of the present invention.
FIG. 12 to FIG. 17 are views illustrating a process of repairing pitch bearings of a wind turbine using a blade moving
apparatus of the wind turbine according to an exemplary embodiment of the present invention.

[Mode for Invention]

[0036] The present invention will be described more fully hereinafter with reference to the accompanying drawings,
in which exemplary embodiments of the invention are shown. As those skilled in the art would realize, the described
embodiments may be modified in various different ways, all without departing from the spirit or scope of the present
invention. The drawings and description are to be regarded as illustrative in nature and not restrictive. Like reference
numerals designate like elements throughout the specification.
[0037] FIG. 2 is a partial perspective view of a wind turbine equipped with an apparatus for moving blades of the wind
turbine according to an exemplary embodiment of the present invention. FIG. 3 is a cross-sectional view of portion A in
FIG. 2. FIG. 4 is an enlarged view of portion A in FIG. 2. FIG. 5 is a partial plan view of FIG. 2 as viewed from above.
FIG. 6 is a view illustrating one end of a wire installed at a wire connector of an apparatus for moving blades for a wind
turbine according to an exemplary embodiment of the present invention. FIG. 7 is a view illustrating one end of a wire
being installed at a wire connector of an apparatus for moving blades for a wind turbine according to an exemplary
embodiment of the present invention.
[0038] In the present exemplary embodiment, the wind turbine includes first to third blades 5a, 5b, and 5c clockwise
from top left in FIG. 2. Wire connectors 11 to be installed at the first to third blades 5a, 5b, and 5c are hereinafter referred
to as first to third wire connectors 11 a, 11 b, and 11c. The wire connectors 11 collectively refer to all wire connectors
11 unless they are specified as the first to third wire connectors 11 a, 11 b, and 11 c.
[0039] A blade moving apparatus 10 according to an exemplary embodiment of the present invention is a device
capable of removing blades 5 of a wind turbine 1 from a hub, with the blades 5 hanging in the air, and moving them up
and down. The blade moving apparatus 10 of the wind turbine 1 according to an exemplary embodiment of the present
invention can be used when removing the blades 5 from the hub 4 and then connecting them again to the hub 4, in order
to move the area of contact between internal gears and the inner rings of pitch bearings for turning the pitch of the blades
5 from one side of the inner rings of the pitch bearings, for example, a first section, to the other side of the inner rings,
for example, second to fourth sections.

- Explanation of Reference Numerals-
1 wind turbine 2 tower
3 nacelle 4 hub

5 blade 5a first blade
5b second blade 5c third blade
6 root portion 7a 7b bolt
8a 8b nut 10 blade moving apparatus
11 wire connector 11a first wire connector

11b second wire connector 11c third wire connector
12 first protrusion 14 second protrusion
20 wire 20a first wire
20b second wire
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[0040] To this end, the blade moving apparatus 10 according to an exemplary embodiment of the present invention
includes the wire connectors 11 formed at root portions 6 of the blades 5 and a pair of wires 20. The pair of wires 20
are formed to be attachable and detachable to and from the first to third wire connectors 11 a, 11 b, and 11c so as to
interconnect the first and second wire connectors 11 a and 11 b formed at the first and second blades 5a and 5b located
on the upper side and the third wire connector 11c formed at the third blade 5c located on the lower side.
[0041] More specifically, the wire connectors 11 of the blade moving apparatus 10 according to an exemplary embod-
iment of the present invention are portions to which the wires 20 can be connected that are formed at the root portions
6 of the blades 5, i.e., the ends of the blades 5 adjacent to the hub 4. The wire connectors 11 may be respectively formed
at the plurality of blades 5a, 5b, and 5c that are connected to the hub 4 of the wind turbine 1.
[0042] Referring to FIGS. 2 to 4, the wire connectors 11 include first protrusions 12 and second protrusions 14. The
first protrusions 12 and the second protrusions 14 may be formed in pairs, and a pair of first protrusions 12 and a pair
of second protrusions 14 are arranged at 180-degree intervals at the blade 5 and the root portion 6, respectively,
[0043] Although the present exemplary embodiment illustrates first protrusions 12 and second protrusions 14 formed
in pairs, three or more first protrusions 12 and three or more second protrusions 14 may be formed.
[0044] If three or more first protrusions 12 and three or more second protrusions 14, for example, four first protrusions
and four second protrusions, are formed at equal intervals, they may be spaced apart at 90-degree intervals on the outer
periphery of the root portion 6 of the blade 5.
[0045] Referring to FIG. 3, a first protrusion 12 is made of a plate-like member that extends outward of the blade 5
from the outer periphery of the root portion 6 of the blade 5.
[0046] The first protrusion 12 may be formed by joining a plate-like member, which is formed separately from the blade
5, to the blade 5 by a joining method such as bonding.
[0047] A first hole 13 is formed in the first protrusion 12. The first hole 13 is a component for passing the wire 20
through, and is configured to be open in a direction parallel to the direction where the blade 5 extends.
[0048] Because the first protrusion 12 is joined to the blade 5, it is formed to be rotatable together with the blade 5 as
the blade 5 rotates.
[0049] The second protrusion 14 is formed at the hub 4, in parallel with the first protrusion 12. Referring to FIG. 3, the
second protrusion 14 may be secured to a bolt 7a by a fastening member such as a nut 8a when the bolt 7a protruding
from the outer ring 9a of a pitch bearing in the direction where the blade 5 extends is fitted to a hole formed at one side
of the second protrusion 14.
[0050] A second hole 15 is likewise formed in the second protrusion 14, in parallel with the first protrusion 12. The
second hole 15 of the second protrusion 14 may be used for the purpose of guiding the wire 20 in the process of repairing
the pitch bearing of the blade 5.
[0051] Referring to FIG. 5, the second protrusions 14 are fixed in position on the horizontal center line C of the blade
5 in a direction parallel to the front of the blade 5 to which the wind blows.
[0052] The reason why the second protrusions 14 are located on the horizontal center line C of the blade root portion
6 is to prevent the center of gravity of the blade 5 from being eccentric while the blade 5 is hanging by the pair of wires
20a and 20b by making the wire 20 support the blade 5 at the center in a front-back direction of the blade 5 when the
wire 20, extended through the second protrusions 14, supports both sides of the blade 5.
[0053] Each of the pair of wires 20 includes a longitudinally extended wire body 21 and a coupling loop 22 at the end
of the wire body 21.
[0054] The wire body 21 may be made of a line of a plurality of twisted wires that are rigid enough to support the blade
5 which is heavy.
[0055] The coupling loop 22 may be made of a known loop-shaped fastening member of which one side can be
elastically opened and closed.
[0056] As shown in FIG. 7, the ends of the pair of wires 20 may be connected to the wire connectors 11 in such a
manner that the coupling loop 22 of the wire 20 passing through the first hole 13 is fastened to one side of the wire not
passing through the first hole 13, with the coupling loop 22 being turned from outside the first protrusion 12.
[0057] If the wire 20 passes only through the first hole 13 but not through the second hole 15 and then is connected
to one side of the wire 20, the position of the wire 20 may be moved along with the blade 5 when the blade 5 rotates.
[0058] FIG. 8 is a view illustrating wires 20 being installed at wire connectors 11 of a blade moving apparatus 10 of a
wind turbine 1 according to an exemplary embodiment of the present invention. FIG. 8 is a view of the hub of the wind
turbine as viewed from the rear.
[0059] Referring to FIG. 8, the wires 20 are installed at the wire connectors 11 in order to repair the pitch bearings of
the wind turbine by using the blade moving apparatus 10 of the wind turbine according to an exemplary embodiment of
the present invention.
[0060] In the wind turbine, the first blade 5a and the second blade 5b are located above the third blade 5c.
[0061] Referring to FIG. 8, the first blade 5a and the second blade 5b are arranged to be bilaterally symmetrical with
respect to the hub 4, and the third blade 5c is placed in an up-down direction perpendicular to the bottom surface of the
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third blade 5c.
[0062] Once the first to third blades 5a, 5b, and 5c are placed, the pitch bearing of the third blade 5c can be repaired
using the blade moving apparatus 10. If it is desired to repair the first blade 5a, a repair on the first blade 5a can be
carried out after locating the first blade 5a on the lower side and locating the second and third blades 5b and 5c above
the first blade 5a to be bilaterally symmetrical.
[0063] More specifically, once the first to third blades 5a, 5b, and 5c are placed as shown in FIG. 8, the pair of wires
20a and 20b are connected between the first and third wire connectors 11 a and 11 c of the first and third blades 5a and
5c and between the second and third wire connectors 11b and 11c of the second and third blades 5b and 5c. In the
description of FIG. 8 that follows, the wire to be connected between the first and third wire connectors 11 a and 11c is
referred to as a first wire 20a, and the wire to be connected between the second and third wire connectors 11 b and 11
c is referred to as a second wire 20b.
[0064] Referring to FIG. 8, the upper end of the first wire 20a, one of the pair of wires, is connected to the first protrusion
12 of the first wire connector 11a located on the upper side, and the lower end of the first wire 20a is connected to the
first protrusion 12 of the third wire connector 11 c formed at the left side of the third blade 5c as viewed from FIG. 8.
[0065] The first protrusion 12 on the upper side is located above the blade root portion 6. The reason why the first
wire 20a is connected to the first protrusion 12 of the first wire connector 11 a located on the upper side is to make the
first wire 20a longer while the first wire 20a is connected between the first wire connector 11 a and the third wire connector
11 c.
[0066] According to an exemplary embodiment of the present invention, the third blade 5c connected to the first wire
20a is moved downward by rotating the first blade 5a while the first wire 20a is connected to the first wire connector 11
a. The first wire 20a should be made longer to keep the moving distance of the third blade 5c sufficiently long.
[0067] If the first wire 20a is connected to one of the first protrusions 12 of the third wire connector 11c while connected
to the first protrusion 12 on the lower side, i.e., the other first protrusion 12 of the first wire connector 11 a, the third blade
5c may not be moved smoothly because the first wire 20a is too short.
[0068] The configuration for connecting the first wire 20a to the first protrusion 12 has been described with reference
to FIG. 7, so a detailed description thereof will be omitted.
[0069] The upper end of the first wire 20a is extended downward from the first protrusion 12 of the first wire connector
11 a without passing through the second protrusion 14 when connected to the first protrusion 12, and the lower end of
the first wire 20a is connected to the first protrusion 12 of the third wire connector 11 c on the left side of the third blade
5c after passing through the second hole 15 formed at the second protrusion 14.
[0070] The first wire 20a connected between the first wire connector 11 a and the third wire connector 11c to maintain
tension between the first wire connector 11 a and the third wire connector 11 c.
[0071] In a similar manner to the first wire 20a, the second wire 20b connected between the second wire connector
11 b and the third wire connector 11c is connected to the first protrusion 12 of the second wire connector 11 b located
on the upper side and the first protrusion 12 of the third wire connector 11 c formed on the right side of the third blade 5c.
[0072] According to an exemplary embodiment of the present invention, the first wire 20a and the second wire 20b
are equal in length. The first wire 20a and the second wire 20b should be equal in length in order to make the third blade
5c move bilaterally symmetrically, thereby facilitating the movement of the third blade 5c without making the center of
gravity eccentric.
[0073] The first and second wires 20a and 20b connected between the first and third wire connectors 11a and 11c
and between the second and third wire connectors 11 b and 11 c are arranged to not cross each other.
[0074] Accordingly, the first wire 20a and the second wire 20b are formed to be bilaterally symmetrical with respect
to the center of vertical rotation of the blades. As described above, the first wire 20a and the second wire 20b should
be formed to be bilaterally symmetrical in order to move the third blade 5c up and down in a stable way without shifting
the center of gravity of the third blade 5c to the left or right.
[0075] FIG. 9 is a view illustrating wires being installed at wire connectors of a blade moving apparatus of a wind
turbine according to another exemplary embodiment of the present invention. FIG. 10 is a cross-sectional view of wire
connectors of a blade moving apparatus of a wind turbine according to another exemplary embodiment of the present
invention.
[0076] According to the current exemplary embodiment of the present invention, in a blade moving apparatus 10’
installed at the blades 5 and hub 4 of the wind turbine 1, the first protrusions 12 and second protrusions 14 of the wire
connectors 11 may be located inside the blades 5 and the hub 4.
[0077] More specifically, referring to FIG. 9 and FIG. 10, the blade moving apparatus 10’ of the power turbine 1
according to the current exemplary embodiment of the present invention has the same configuration as the foregoing
exemplary embodiment, except that the first to third wire connectors 11 a, 11 b, and 11 c are located inside the blades
5 and hub 4 of the power turbine 1.
[0078] When the first protrusions 12 and second protrusions 14 of the first to third wire connectors 11 a to 11 c are
formed on the inner peripheral surfaces of the blades 5 and the inner sides of the hub 4, the first wire 20a connected
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between the first and third wire connectors 11 a and 11 c and the second wire 20b connected between the second and
third wire connectors 11 b and 11 c are located inside the blades 5 and the hub 4.
[0079] Since the inside of the root portions 6 of the blades 5 and the internal space of the hub 4 are spatially connected,
configuring the blade moving apparatus 10’ according to another exemplary embodiment of the present invention enables
a worker to carry out the connection of the first wire 20a and the second wire 20b within the power turbine without going
out of the blades 5 and the hub 4.
[0080] Now, a method for repairing pitch bearings of a wind turbine using a blade moving apparatus of the wind turbine
having the above-explained configuration will be described.
[0081] FIG. 11 is a flowchart of a method for repairing pitch bearings of a wind turbine according to an exemplary
embodiment of the present invention. FIG. 12 to FIG. 17 are views illustrating a process of repairing pitch bearings of a
wind turbine using a blade moving apparatus of the wind turbine according to an exemplary embodiment of the present
invention. FIG. 12 to FIG. 17 are views of the hub and blade root portions of the wind turbine as viewed from the rear.
[0082] Referring to FIG. 11, the method for repairing pitch bearings of a wind turbine according to an exemplary
embodiment of the present invention includes:

(a) locating first and second blades higher than a third blade. (S101); (b) connecting a pair of wires between first
and third wire connectors and between second and third wire connectors (S102); (c) removing a third blade from a
hub (S103); (d) moving the third blade in a direction away from the hub by turning the pitch of the first and second
blades (S104); (e) rotating the pitch bearing of the third blade (S105); (f) moving the third blade in a direction toward
the hub (S106); (g) connecting the third blade to the hub (S107); and (h) removing the pair of wires from between
the first and third wire connectors and from between the second and third wire connectors (S108). The process of
repairing the pitch bearing of the third blade according to the present exemplary embodiment will now be described.

[0083] According to an exemplary embodiment of the present invention, in order to repair the pitch bearing of the third
blade, the first and second blades 5a and 5b are first located higher than the third blade 5c as shown in FIG. 12 (S101).
[0084] The reason why the first and second blades 5a and 5b are located higher than the third blade 5c is to make
the third blade 5c hang on the first wire 20a and the second wire 20b by connecting the upper ends of the first wire 20a
and second wire 20b to the first wire connector 11 a of the first blade 5a and the second wire connector 11 b of the
second blade 5b, respectively, and connecting the lower ends of the first wire 20a and second wire 20b to the third wire
connector 11c of the third blade 5c.
[0085] Referring to FIG. 12, the third blade 5c is arranged perpendicular to the bottom of the hub, and the first blade
5a and the second blade 5b located above the third blade 5c are placed bilaterally symmetrically with respect to the
third blade 5c.
[0086] Once the third blade 5c is arranged perpendicular to the bottom of the hub and the first blade 5a and the second
blade 5b are placed bilaterally symmetrically, the first wire 20a and the second wire 20b are connected between the first
and third wire connectors 11a and 11c and between the second and third wire connectors 11b and 11c, respectively
(S102).
[0087] Preferably, the first wire 20a and the second wire 20b are formed to be bilaterally symmetrical with respect to
the vertical central axis of the wind turbine.
[0088] The method of connecting the first wire 20a and the second wire 20b between the first and third wire connectors
11 a and 11c and between the second and third wire connectors 11b and 11 c, respectively, has been described in detail
with reference to FIGS. 4 to 9, so a detailed description thereof will be omitted.
[0089] Once the first wire 20a and the second wire 20b are connected between the first and third wire connectors 11
a and 11c and between the second and third wire connectors 11b and 11c, respectively, the third blade 5c is removed
from the hub 4 (S103).
[0090] The process of removing the third blade 5c from the hub 4 can be carried out by removing a nut 8b for coupling
the third blade 5c to a pitch bearing inner ring 9b of the hub 4 from a bolt 7b.
[0091] Once the third blade 5c is removed from the hub 4, the third blade 5c remains hanging in the air by the first
wire 20a and the second wire 20b.
[0092] FIG. 13 depicts the third blade 5c hanging in the air by the first wire 20a and the second wire 20b. While the
third blade 5c is hanging in the air by the first wire 20a and the second wire 20b, the third blade 5c is moved downward,
i.e., in a direction away from the hub (S104).
[0093] Then, the pitch of the first blade 5a and second blade 5b is turned in order to move the third blade 5c downward.
[0094] The pitch of the first blade 5a and the pitch of the second blade 5b are turned in opposite directions to move
the third blade 5c downward. Referring to FIG. 14, rotating the first blade 5a clockwise and rotating the second blade
5b counterclockwise cause the third blade 5c hanging on the first wire 20a and the second wire 20b to move downward
and away from the hub.
[0095] In this case, the third blade 5c only needs to be moved a short distance, not far away from the hub 4.
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[0096] Then, while the third blade 5c is hanging on the bottom of the hub 4, the inner ring 9b of the pitch bearing for
the third blade 5c installed at the hub is rotated by an inner ring gear (not shown), as illustrated in FIG. 15 (S105).
[0097] The angle of rotation of the inner ring gear may range between 90 to 270 degrees.
[0098] As the inner ring rotates, the area of contact between the inner ring gear of the pitch bearing and the inner ring
of the pitch bearing is moved from the first section of the inner ring to the second to fourth sections.
[0099] After moving the area of contact between the inner ring gear and the inner ring from the first section to other
sections, the first blade 5a and the second blade 5b are rotated backward as shown in FIG. 16, thereby moving the third
blade 5c back in a direction toward the hub 4 (S106).
[0100] Then, as shown in FIG. 17, the third blade 5c is connected to the hub 4 (S107).
[0101] Next, the repair of the pitch bearing of the third bearing 5c is completed by removing the first and second wires
20a and 20b from between the first and third wire connectors 11 a and 11c and from between the second and third wire
connectors 11 b and 11 c (S108).
[0102] Using the blade moving apparatus of the wind turbine according to an exemplary embodiment of the present
invention, the pitch bearings can be repaired while the blades are moved away from the hub, for example, while the
blades are located near the hub, without being lowered to the ground where the wind turbine is installed. Therefore, the
repair time of the pitch bearings of the wind turbine can be reduced and the repair procedure can be simplified.
[0103] While an exemplary embodiment of the present invention illustrates using a blade moving apparatus with wire
connectors and wires for the purpose of repairing pitch bearings of a wind turbine, the blade moving apparatus according
to an exemplary embodiment of the present invention may be readily used when there is a need to remove the blades
for the wind turbine from the hub or when maintaining and repairing the wind turbine, apart from the embodiment described
in this specification.

[Industrial Applicability]

[0104] According to an exemplary embodiment of the present invention, the blades for the wind turbine can be simply
and easily moved.
[0105] Moreover, the pitch bearings of the wind turbine can be simply repaired using the blade moving apparatus of
the wind turbine.

Claims

1. An apparatus for moving blades of a wind turbine (1) having a hub (4) and a plurality of blades (5) installed at the
hub, the apparatus comprising:

wire connectors (11), respectively, comprising first protrusions (12) provided at root portions (6) of first to third
blades, and second protrusions (14) provided at the hub (4) so as to be arranged in parallel with the first
protrusions; and
a pair of wires (20) which are attachable to and detachable from first to third wire connectors (11),

wherein each of the first protrusions (12) has a first hole to which the wires are connected, and each of the second
protrusions (14) has a second hole for guiding the wires.

2. The apparatus of claim 1, wherein the first protrusions (12) are formed in pairs.

3. The apparatus of claim 2, wherein the pair of first protrusions (12) are formed on an outer or inner peripheral surface
of the root portion (6) of the blade.

4. The apparatus of claim 3, wherein the first holes formed in the pair of first protrusions (12) are open in a direction
parallel to the direction in which the blade (5) extends.

5. The apparatus of claim 1, wherein the second protrusions (14) are fixed in position on a horizontal center line of the
blades in a direction parallel to the front of the root portions of the blades (5).

6. The apparatus of claim 5, wherein the pair of wires to be connected to the first and second wire connectors (11) are
connected to a pair of first protrusions (12) of the first and second wire connectors located on the upper side.

7. The apparatus of claim 5, wherein the pair of wires connected to the pair of first protrusions (12) of the first and
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second wire connectors (11) are connected to a pair of protrusions of the third wire connector.

8. The apparatus of claim 5, wherein the pair of wires (20) are adapted to pass through the second holes of the third
wire connectors.

9. The apparatus of claim 1, wherein the pair of wires (20) connected between the first and third wire connectors and
between the second and third wire connectors are arranged to not cross each other.

10. The apparatus of claim 1, wherein coupling loops are formed at opposite ends of the pair of wires.

11. A wind turbine (1) comprising the apparatus of any one of claim 1 to claim 10.

12. A method for repairing pitch bearings of a wind turbine using the apparatus of any one of claim 1 to claim 10, the
method comprising:

(a) locating first and second blades (5a, 5b) higher than a third blade;
(b) connecting a pair of wires (20) between first and third wire connectors and between second and third wire
connectors;
(c) removing a third blade (5c) from a hub (4);
(d) moving the third blade (5c) in a direction away from the hub by changing a pitch of the first and second blades;
(e) rotating the pitch bearing of the third blade;
(f) moving the third blade (5c) in a direction toward the hub;
(g) connecting the third blade to the hub (4); and
(h) removing the pair of wires (20) from between the first and third wire connectors and from between the second
and third wire connectors.

13. The method of claim 12, wherein, in (d) and (f), the pitch of the first blade and the pitch of the second blade (5a, 5b)
are turned in opposite directions to move the third blade downward.

Patentansprüche

1. Vorrichtung zur Bewegung von Rotorblättern einer Windturbine (1) mit einer Nabe (4) und einer Mehrzahl von
Rotorblättern (5), die an der Nabe angebracht sind, wobei die Vorrichtung Folgendes umfasst:

Drahtverbinder (11), die jeweils erste Vorsprünge (12), die an Wurzelabschnitten (6) der ersten bis dritten
Rotorblätter bereitgestellt sind, und zweite Vorsprünge (14), die an der Nabe (4) bereitgestellt sind, umfassen,
um parallel mit den ersten Vorsprüngen angeordnet zu sein; und
ein Paar von Drähten (20), die an ersten bis dritten Drahtverbindern (11) befestigt und davon entfernt werden
können,

wobei jeder der ersten Vorsprünge (12) ein erstes Loch aufweist, an die die Drähte angeschlossen sind, und jeder
der zweiten Vorsprünge (14) ein zweites Loch aufweist, um die Drähte zu führen.

2. Vorrichtung nach Anspruch 1, wobei die ersten Vorsprünge (12) in Paaren gebildet sind.

3. Vorrichtung nach Anspruch 2, wobei das Paar von ersten Vorsprüngen (12) an einer äußeren oder inneren Um-
fangsfläche des Wurzelabschnitts (6) des Rotorblatts gebildet ist.

4. Vorrichtung nach Anspruch 3, wobei die ersten Löcher, die im Paar von ersten Vorsprüngen (12) gebildet sind, in
einer Richtung parallel zur Richtung, in der sich das Rotorblatt (5) erstreckt, geöffnet sind.

5. Vorrichtung nach Anspruch 1, wobei die zweiten Vorsprünge (14) in Position auf einer horizontalen Mittellinie der
Rotorblätter in einer Richtung parallel zur Vorderseite der Wurzelabschnitte der Rotorblätter (5) fixiert sind.

6. Vorrichtung nach Anspruch 5, wobei das Paar von Drähten, das an die ersten und zweiten Drahtanschlüsse (11)
angeschlossen werden soll, mit einem Paar von ersten Vorsprüngen (12) der ersten und zweiten Drahtanschlüsse
angeschlossen sind, die sich auf der oberen Seite befinden.
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7. Vorrichtung nach Anspruch 5, wobei das Paar von Drähten, das an das Paar von ersten Vorsprüngen (12) der
ersten und zweiten Drahtanschlüsse (11) angeschlossen ist, an ein Paar von Vorsprüngen des dritten Drahtan-
schlusses angeschlossen ist.

8. Vorrichtung nach Anspruch 5, wobei das Paar von Drähten (20) ausgelegt ist, um durch die zweiten Löcher der
dritten Drahtanschlüsse zu verlaufen.

9. Vorrichtung nach Anspruch 1, wobei das Paar von Drähten (20), das zwischen den ersten und dritten Drahtan-
schlüssen und zwischen den zweiten und dritten Drahtanschlüssen angeschlossen ist, angeordnet ist, um einander
nicht zu kreuzen.

10. Vorrichtung nach Anspruch 1, wobei Kopplungsschleifen an gegenüberliegenden Enden des Paars von Drähten
gebildet sind.

11. Windturbine (1), umfassend die Vorrichtung nach einem der Ansprüche 1 bis 10.

12. Verfahren zur Reparatur von Blattlagern einer Windturbine unter Verwendung der Vorrichtung nach einem der
Ansprüche 1 bis 10, wobei das Verfahren Folgendes umfasst:

(a) Anordnen der ersten und zweiten Rotorblätter (5a, 5b) über einem dritten Rotorblatt;
(b) Anschließen eines Paars von Drähten (20) zwischen ersten und dritten Drahtanschlüssen und zwischen
zweiten und dritten Drahtanschlüssen;
(c) Entfernen eines dritten Rotorblatts (5c) von einer Nabe (4);
(d) Bewegen des dritten Rotorblatts (5c) in einer Richtung weg von der Nabe durch das Ändern eines Blatts
der ersten zweiten Rotorblätter;
(e) Drehen des Blattlagers des dritten Rotorblatts;
(f) Bewegen des dritten Rotorblatts (5c) in einer Richtung hin zur Nabe;
(g) Anschließen des dritten Rotorblatts an die Nabe (4); und
(h) Entfernen des Paars von Drähten (20) von zwischen den ersten und dritten Drahtanschlüssen und von
zwischen den zweiten und dritten Drahtanschlüssen.

13. Verfahren nach Anspruch 12, wobei in (d) und (f) das Blatt des ersten Rotorblatts und das Blatt des zweiten Rotorblatts
(5a, 5b) in entgegengesetzte Richtungen gedreht werden, um das dritte Rotorblatt nach unten zu bewegen.

Revendications

1. Appareil pour déplacer des pales d’une éolienne (1) ayant un moyeu (4) et une pluralité de pales (5) installées au
niveau du moyeu, l’appareil comprenant :

des connecteurs de fil (11) comprenant respectivement des premières saillies (12) prévues au niveau des
parties d’emplanture (6) de la première à la troisième pale, et des secondes saillies (14) prévues au niveau du
moyeu (4) afin d’être agencées parallèlement aux premières saillies ; et
une paire de fils (20) qui peuvent être fixés à et se détacher du premier au troisième connecteur de fil (11),

dans lequel chacune des premières saillies (12) a un premier trou auquel les fils sont raccordés, et chacune des
secondes saillies (14) a un second trou pour guider les fils.

2. Appareil selon la revendication 1, dans lequel les premières saillies (12) sont formées en paires.

3. Appareil selon la revendication 2, dans lequel la paire de premières saillies (12) est formée sur une surface péri-
phérique externe ou interne de la partie d’emplanture (6) de la pale.

4. Appareil selon la revendication 3, dans lequel les premiers trous formés dans la paire de premières saillies (12)
sont ouverts dans une direction parallèle à la direction dans laquelle la pale (5) s’étend.

5. Appareil selon la revendication 1, dans lequel les secondes saillies (14) sont fixées en position sur une ligne centrale
horizontale des pales dans une direction parallèle à l’avant des parties d’emplanture des pales (5).
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6. Appareil selon la revendication 5, dans lequel la paire de fils à raccorder aux premier et second connecteurs de fil
(11) sont raccordés à une paire de premières saillies (12) des premier et second connecteurs de fil positionnés sur
le côté supérieur.

7. Appareil selon la revendication 5, dans lequel la paire de fils raccordés à la paire de premières saillies (12) des
premier et second connecteurs de fil (11) est raccordée à une paire de saillies du troisième connecteur de fil.

8. Appareil selon la revendication 5, dans lequel la paire de fils (20) sont adaptés pour passer à travers les seconds
trous des troisièmes connecteurs de fil.

9. Appareil selon la revendication 1, dans lequel la paire de fils (20) raccordés entre les premier et troisième connecteurs
de fil et entre les deuxième et troisième connecteurs de fil sont agencés pour ne pas se croiser.

10. Appareil selon la revendication 1, dans lequel des boucles de couplage sont formées au niveau des extrémités
opposées des paires de fils.

11. Eolienne (1) comprenant l’appareil selon l’une quelconque des revendications 1 à 10.

12. Procédé pour réparer des paliers de pas d’une éolienne à l’aide de l’appareil selon l’une quelconque des revendi-
cations 1 à 10, le procédé comprenant les étapes consistant à :

(a) positionner des première et deuxième pales (5a, 5b) plus haut qu’une troisième pale ;
(b) raccorder une paire de fils (20) entre les premier et troisième connecteurs de fil et entre les deuxième et
troisième connecteurs de fil ;
(c) retirer une troisième pale (5c) d’un moyeu (4) ;
(d) déplacer la troisième pale (5c) dans une direction à distance du moyeu en modifiant un pas des première
et deuxième pales ;
(e) faire tourner le palier de pas de la troisième pale ;
(f) déplacer la troisième pale (5c) dans une direction vers le moyeu ;
(g) raccorder la troisième pale au moyeu (4) ; et
(h) retirer la paire de fils (20) d’entre les premier et troisième connecteurs de fil et d’entre les deuxième et
troisième connecteur de fil.

13. Procédé selon la revendication 12, dans lequel, aux étapes (d) et (f), le pas de la première pale et le pas de la
deuxième pale (5a, 5b) tournent dans des directions opposées pour déplacer la troisième pale vers le bas.
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