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Description

[0001] The present invention relates to a method of mounting three wind turbine rotor
blades to a wind turbine hub on a nacelle located at the top of a wind turbine tower. In
addition, the invention relates to a lifting frame for lifting a wind turbine rotor blade to a
rotor hub by use of a lifting device.

[0002] When mounting a wind turbine rotor to a wind turbine often assembling the blades
and the hub is done on the ground and the blade/hub assembly is then lifted to a nacelle
on top of a wind turbine tower by use of a crane. However, with the wind turbine rotor
blades, and hence the rotors, becoming larger the area needed for mounting the rotor
blades to the hub on the ground is a constraining factor. A further constraining factor is the
size of the crane that is needed for mounting large rotor blade/hub assemblies in one
piece to the nacelle.

[0003] A further drawback of mounting the assembled rotor in one piece to the nacelle is
that the rotor needs to be turned by 90° in mid air. With large rotors this is a rather difficult
task.

[0004] Moreover, assembling the rotor before mounting it to the nacelle is difficult if the
wind turbine is seabased.

[0005] Hence, it has been proposed to premount the hub to the nacelle and then lift the
blades individually to the hub for mounting them. To do so, the mounting procedure
comprises the steps of rotating the rotor hub to an orientation such that the first blade can
be mounted, then rotating the rotor hub further to a position which allows for mounting the
second rotor blade and then again rotating the rotor hub to a position which allows for
mounting the third rotor blade.

[0006] Two different ways of mounting the blades to the hub are known. For example, US
2005/0019166 A1 discloses a method in which the rotor blades are mounted to a hub at
the nacelle in a vertical orientation. The rotor blades are held by a frame comprising a
clamping device for clamping the blade. By use of wires the blade is tilted from the
horizontal orientation to the vertical orientation after it has been lifted off the ground. The
other way of mounting rotor blades to a hub at the nacelle is to mount the blades in the
horizontal orientation. This is, for example, described in US 2006/0147308 A1. When
mounting the blade in horizontal orientation it is not necessary to tilt the blade. Like in the
case of mounting the rotor blades in the vertical orientation lifting frames may be used for
mounting the rotor blades in the horizontal orientation. Such lifting frames are, for
example, disclosed in US 2011/0094987 A1, EP 1 925 582 B1, EP 1 925 583 B1 and EP 2
084 098 B1.

[0007] While, according to this state of the art methods of mounting wind turbine rotor
blades, all rotor blades where mounted to the hub with the same orientation and the hub is
rotated to the respective positions the blades can alternatively be mounted with individual
orientations adapted to the orientation of the respective mounting sections of the hub, as it
is disclosed in EP 2 345 811 A1. This is advantageous in that the inventive method
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overcomes the need of rotating the rotor hub when mounting the wind turbine rotor blades.
Rotating the rotor hub is a rather difficult task to perform in gearless direct drive wind
turbines. This method is therefore particularly suited for mounting wind turbine rotor blades
to hubs premounted to a nacelle located on the top of a wind turbine tower in such
gearless direct drive wind turbines.

[0008] With respect to the mentioned state of the art it is an objective of the present
invention to provide an advantageous method of mounting wind turbine rotor blades to a
rotor hub on a nacelle located at the top of a wind turbine tower. It is a further objective of
the present invention to provide a lifting frame which allows for an advantageous method
of mounting wind turbine rotor blades to a rotor hub located at a nacelle on top of a wind
turbine tower.

[0009] The first objective is achieved by a method of mounting wind turbine rotor blades as
claimed in claim 1. The second objective is achieved by a lifting frame as claimed in claim
2. The depending claims contain further developments of the invention.

[0010] According to the inventive method, the rotor blades are mounted to a rotor hub that
comprises blade mounting sections while the hub is already mounted to a nacelle located
at the top of a wind turbine tower. The rotor hub is kept in a same fixed rotational position
for all rotor blades and the blades are tilted by individual tilt angles for mounting them to
the mounting sections of the rotor hub. The inventive method comprises the steps of:

a) lifting the first rotor blade from the ground;

b) tilting the first rotor blade by approximately +60° or -60° with respect to the horizontal
(please note that approximately + 60° or -60° shall mean that deviations from these
angles by +10°, in particular by +5° shall be allowable);

c) fixing the first rotor blade to the wind turbine hub with the blade being tilted by
approximately +60° or -60° with respect to the horizontal,

d) lifting the second rotor blade from the ground;

e) tilting the second rotor blade by approximately -60° with respect to the horizontal if
the fist rotor blade was tilted by approximately +60° with respect to the horizontal, or
tilting the second rotor blade by approximately +60° with respect to the horizontal if the
first rotor blade was tilted by approximately -60° with respect to the horizontal;

f) fixing the second rotor blade to the wind turbine hub with the blade being tilted by
approximately -60° or +60° with respect to the horizontal;

0) lifting the third rotor blade from the ground;

h) fixing the third rotor blade to the wind turbine hub with the blade being substantially
aligned with the horizontal.
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[0011] In order to avoid moving the crane between mounting of different rotor blades it is
advantageous if the nacelle is rotated about a yaw angle of 180° before the rotor blade is
mounted to the rotor hub.

[0012] In the inventive method, the first and second rotor blades are pitched to a first pitch
angle of 20 degree with respect to the vertical and the third blade is pitched to a second
pitch angle of 110 degree with respect to the vertical.

[0013] In the inventive method, no wind turbine rotor blade needs to be tilted more than
about 60° with respect to the horizontal. This means that the equipment used for lifting and
mounting the rotor blade does not need to be suitable for tilting the wind turbine rotor
blades by an angle larger than about 60°. Hence, the equipment can be kept simpler than
in other implementations, which would mean tilting at least one of the blades by more than
60°. Please note that the larger the tilt angle is the more vertical space is needed for
performing the tilting action which in turn means that longer wires for bearing the blade are
needed.

[0014] When tilting the first two rotor blades by +60° and -60°, respectively, or vice versa
both blades can be mounted from the same side of the hub. The third blade, which is then
mounted in the horizontal orientation, would need to be mounted from the other side of the
rotor hub. To avoid moving the crane to the other side of the wind turbine the nacelle is
rotated by 180° so that the mounting section that was turned away from the crane will then
be turned towards the crane.

[0015] According to the invention the blade is pitched after lifting it from the ground to a
certain pitch angle. Pitching the blade allows for keeping the pitch angle of the blade
mounting sections of the rotor hub fixed during the whole mounting procedure. Due to the
rotation of the nacelle by 180°, with the pitch angle of 110 degree the third blade shows
the same pitch angle relative to its mounting section of the rotor hub as the first two blades
with respect to their mounting sections, which first two blades are pitched to a pitch angle
of 20 degree.

[0016] According to a second aspect of the present invention a lifting frame for lifting a
wind turbine rotor blade to a rotor hub by use of a lifting device is provided. The lifting
frame is adapted for performing the inventive method. It comprises a main frame with a
fixture for fixing a wind turbine rotor blade to the main frame, a sub frame with means for
fixing the sub frame to a lifting device, e.g. a crane, and at least two tilt wires that extend
from the sub frame to the main frame. The main frame has a root end showing towards the
root of a rotor blade fixed to the main frame and a tip end showing towards the tip of a
rotor blade fixed to the main frame. At least one of the tilt wires is connected to a location
at the tip end of the main frame and at least one of tilt wires is connected to a location at
the root end of the main frame. The length of the at least one tilt wire connected to a
location at the root end and the length of the at least one tilt wire connected to a location at
the tip end are adjustable relative to each other. In addition, the main frame comprises a
suction side part located at the suction side of a rotor blade fixed to the main frame. In
addition, at least one pitch wire is present which extends from the sub frame to the main
frame and which is connected to a location at the suction side part of the main frame.
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[0017] By adjusting the lengths of the tilt wires relative to each other the main frame with a
blade fixed thereto can be tilted to a desired tilt angle. This allows for adapting the tilt angle
of the blade during mounting it to the rotor hub to the orientation of the mounting section of
the rotor hub to which the blade is to be mounted.

[0018] By means of the pitch wire the pitch angle of the blade can be adapted to the pitch
orientation of the mounting section to which it is to be mounted. Hence, in this
implementation of the inventive lifting frame neither a rotation of the rotor hub nor a
pitching rotation of the mounting sections of the rotor hub is necessary.

[0019] To achieve adjustment of the lengths of the tilt wires the sub frame may comprise a
winch arrangement with at least one winch that is operatively connected to at least the tilt
wire or tilt wires connected to a location at the root end of the main frame or at least to the
tilt wire or tilt wires connected to the location at the tip end of the main frame. In particular,
the winch arrangement may comprise two winches, one of which is operatively connected
to the tilt wire or tilt wires connected to the location at the root end of the main frame and
the other one of which is operatively connected to the tilt wire or tilt wires connected to a
location at the tip end of the main frame. While, in general, it would be sufficient if only the
length of the tilt wire or tilt wires at the tip end or at the root end of the main frame is
adjustable it is advantageous if both, the tilt wire or tilt wires at the root end and the tilt wire
or tilt wires at the tip end are adjustable in their length. Compared with only the wire or
wires at one end of the frame being adjustable in their length making the wires at both
ends of the frame adjustable in their length allows for achieving the same tilt angle range
with shorter wires.

[0020] Moreover, the main frame may further comprise a pressure side part. Then, the
location at the root end of the main frame and the location at the tip end of the main frame
to which the tilt wires are connected can be situated on the pressure side part of the main
frame.

[0021] In an advantageous development of the inventive lifting frame the shapes and
dimensions of the main frame and of the fixture are such that the main frame can hold a
rotor blade with the center of gravity of the rotor blade being located between the root end
of the main frame and the tip end of the main frame. In particular, the center of gravity may
be located in the middle between the tip end and the root end. By this measure the load
can be evenly distributed do the wires at both ends of the frame. In this development of the
lifting frame the locations situated on the pressure side part of the main frame are chosen
such that, due to the gravitational force acting on the center of gravity of the rotor blade,
the chord line of the blade includes a first pitch angle with the vertical if the at least one
pitch wire is slack. Additionally or alternatively, the at least pitch wire may be connected to
a location at the suction side part of the main frame that is chosen such that, due to the
gravitational force acting on the center of gravity of the rotor blade, the chord line of the
blade includes a second pitch angle with the vertical if the tilt wires are slack.

[0022] In other words, the lifting frame may be designed such that the gravitational pull to
the rotor blade provides for a correct pitch angle when either the tilt wires or the at least
one pitch wire are slack. Moreover, the pitch angle when the at least one pitch wire is slack
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differs from the pitch angle when the tilt wires are slack. Hence, it becomes possible to
provide the two different pitch angles mentioned with respect to the inventive method just
by gravitational pull to the rotor blade. This keeps the lifting frame rather simple.

[0023] In particular, the locations situated on the pressure side part of the main frame and
the location at the suction side part of the main frame are chosen such that the second
pitch angle is the first pitch angle plus 90°. This development is advantageous in a method
in which the first two blades are mounted with a tilt angle of +60°, respectively, and the
third blade is mounted in the horizontal orientation with the nacelle rotated about the tower
axis by 180°. In this case both tilt angles achievable with the lifting frame would resemble
the same pitch angles of the rotor blades with respect to the mounting sections to which
they are to be mounted.

[0024] In order to secure the rotor blade to the lifting frame the main frame may comprise
a locking system for preventing the blade from slipping out of the main frame in case the
main frame is tilted such that the tip end of the frame is located higher than the root end of
the frame. Such a locking system may comprise a wire that is fixed to the root of the blade
with its one end and to the lifting frame with its other end.

[0025] Further features, properties and advantages of the present invention will become
clear from the following description of embodiments in conjunction with the accompanying
drawings.

Figure 1 shows a lifting frame.

Figure 2 shows the lifting frame attached to a rotor blade on the ground.

Figure 3 shows the lifting frame of Figure 2 in a section along the line llI-1ll in Figure
2.

Figure 4 shows the lifting frame with a rotor blade fixed thereto in an orientation
according to a first tilt angle.

Figure 5 shows the lifting frame with a rotor blade fixed thereto in an orientation
according to a first pitch angle.

Figure 6 shows the lifting frame with a rotor blade fixed thereto in an orientation
according to a second tilt angle.

Figure 7 shows a securing wire securing the blade from slipping out of the lifting
frame.

Figure 8 shows the lifting frame with a rotor blade fixed thereto in an orientation
according to a second pitch angle.

Figure 9 shows a transport or local storage situation of the lifting frame.
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Figure 10 schematically shows stages of mounting wind turbine rotor blades to a
hub.

Figure 11 shows another stage of mounting wind turbine rotor blades to a hub.

[0026] An embodiment for a lifting frame that is used for mounting wind turbine rotor
blades to a hub premounted at a nacelle on top of a wind turbine tower is shown in Figure
1. The lifting frame of the shown embodiment comprises a main frame 1 and a sub frame
3.

[0027] The sub frame 3 is equipped with ropes 5 by which it can be fixed to a crane hook
or the like. However, other means for fixing it to a crane hook or the like are also possible.
The sub frame 3 is further equipped with a power supply 25 and, according to the shown
embodiment, with two winches 29.

[0028] The main frame 1 is suspended from the sub frame 3 by means of four wires 7, 9
(two tilt wires 7 and tow pitch wires 9) the function of which will be described later. The
main frame 1 has a root end 11 which shows towards the root of a rotor blade attached to
the main frame (the rotor blade is shown in phantom lines in Figure 1) and a tip end 13
showing towards the tip of a rotor blade attached to the main frame 1. Root end 11 and tip
end 13 are connected to each other by means of crossbars 15 two of which are located at
the pressure side of a rotor blade touched to the main frame 1 and one of which is located
at the suction side of a blade attached to the main frame 1. Hence, the main frame 1 can
be notionally subdivided into the pressure side part 17 and a suction side part 19 (compare
Figure 3). The tilt wires 7 and the pitch wires 9 are connected to the pressure side part 17
and the suction side part 19, respectively, at the ends of the main frame.

[0029] For holding a rotor blade 21 in the main frame 1 the main frame comprises a
clamping system with clamps 23 located at the root end and at the tip end of the frame. In
the present embodiment, the clamping system is electrically actuated. The power
necessary for actuating the clamps 23 is provided by the power supply 25 located on the
sub frame 3. Power is transferred from the power supply 25 to the clamping system by
means a cable 27 extending between the sub frame 3 and the main frame 1.

[0030] The function of the wires by which the main frame 1 is connected to the sub frame
3 will be described with respect to Figures 2 to 8. Throughout these Figures only the main
frame 1 and the wires 7, 9 by which it is connected to the sub frame 3 are show, while the
sub frame itself is not shown.

[0031] Figures 2 and 3 show the main frame 1 after it has been attached to a wind turbine
rotor blade 21 that rests on the ground. While Figure 2 shows the main frame 1 and the
rotor blade 21 in a side view Figure 3 shows the main frame 1 and the rotor blade 21 in a
sectional view according to the line llI-Ill shown in Figure 2. As can be seen from the
sectional view, the rotor blade 21 has a chord C that is a notional straight line connecting
the leading edge of the blade with its trailing edge in the aerodynamic active airfoil region
of the blade. The chord C is indicated in Figure 3. As can be seen, typically the chord of a
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rotor blade that rests on the ground includes a small angle a with the vertical. The actual
angle depends on the shape of the rotor blades and may vary in a range between about +
10°. In the present embodiment the angle is about -7°. For attaching the rotor blade 21 to
the main frame 1 the main frame 1 is lowered onto the rotor blade by means of the crane
used for mounting the rotor blades 21 to the hub. After the main frame 1 has been lowered
onto the rotor blade 21 resting on the ground the clamping system is actuated to fix the
rotor blade 21 to the main frame 1.

[0032] After fixing the rotor blade 21 to the main frame 1 the rotor blade is lifted by means
of a crane to which the lifting frame is attached. When the rotor blade is lifted to a sufficient
height the main frame 1 with the rotor blade 21 fixed thereto is tilted to a first tilt angle with
respect to the horizontal as it is shown in Figure 4. In Figure 4 the tilt angle is about -60°
which means that the root end 11 of the main frame 1 (and consequently the root of the
rotor blade) shows upwards while the tip end 13 of the main frame 1 (and consequently
the tip of the rotor blade 21) shows downwards.

[0033] The tilting is achieved by using the winches 29 located at the sub frame 3 (compare
Figure 1) which can wind and unwind the tilt wires 7. For tilting the main frame 1 the tilt
wire connecting the sub frame 3 to the end of the main frame 1 that shall show upwards is
coiled while the wire connecting the sub frame 3 to the end of the main frame 1 that shall
show downwards is uncoiled. The amount of coiling the one wire and the amount uncoiling
the other wire determines the tilt angle of the main frame. In Figure 4 the tilt wire 7
connecting the sub frame 3 to the root end 11 of the main frame is coiled while the tilt wire
7 connecting the tip end 13 of the main frame 1 to the sub frame 3 is uncoiled. Although in
the present embodiment one of the wires is coiled while the other one is uncoiled the tilting
of the main frame 1 with the rotor blade 21 could also be achieved just by coiling the wire
connected to the end of the main frame 1 that shall show upwards or just by uncoiling the
wire that is connected to the end of the main frame 1 that shall show downwards.
However, in this case longer wires would be necessary.

[0034] After the blade has been lifted to a sufficient height it is not only tilted but also
pitched in the present embodiment. This means that the angle between the chord C of the
rotor blade 21 and the vertical is changed. In the present embodiment, the angle is
changed from about -7°, as it was when the blade rested on the ground, to a pitch angle 6+
which is approximately 20°. Pitching the main frame 1 with the rotor blade 21 attached
thereto is achieved by gravitational force acting on the center of gravity CG of the blade
21. This is possible because the locations at the main frame 1 to which the tilt wires 7 are
attached are located on the pressure side part 17 of the main frame 1. The location is
chosen such that the when the pitch wires 9 are slack (as it is shown in Figure 5) the
gravitational force pulls the rotor blade 21 into a position that automatically sets the
desired pitch angle 61. This is achieved in the present embodiment by simultaneously
winding the tilt wires 7 with not altering the tilt angle until the pitch wires 9 are slack. Then,
the center of gravity will become located below the point on the pressure side part 17 of
the main frame 1 to which the tilt wires 7 are attached in the cross-section shown in Figure
5. Hence, by selecting the point to which the tilt wires 7 are connected to the main frame 1
a desired pitch angle 84 that sets itself due to gravitational force can be realized.

[0035] Figure 6 shows the main frame 1 with a wind turbine rotor blade 21 attached
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thereto in an orientation corresponding to a tilt angle of +60°. Like in the orientation shown
in Figure 4 reducing the length of the tilt wires 7 (without changing the length of the tilt wire
7 connected to the root end 11 with respect to the tilt wire 7 connected to the tip end 13)
until the pitch wires 9 are slack will lead to the pitch angle 81 shown in Figure 5.

[0036] In the orientation shown in Figure 6 the root end 11 of the main frame 1 shows
downwards and, hence, also the root of the rotor blade 21 shows downwards. On the other
hand, the tip end 13 of the main frame 1 and hence the tip of the rotor blade 21, shows
upwards. However, since the blade dimensions becomes smaller from the root end 11 to
the tip end 13 of the main frame 1 there could be a risk that the rotor blade 21 slips out of
the main frame 1 if the clamps 23 do not clamp the rotor blade 21 tight enough. To prevent
the blade 21 from slipping out of the main frame 1 a securing wire 31 extends from the
main frame to the root 33 of the blade 21. Blade bolt bushings 32 are present at the root
end of the securing wire 31 which can be secured to the blade root 33 by means of bolts.
The opposite end of the securing wire 31 may be attached to a winch, a jack or any other
means for setting the length of the securing wire 31. This means for adjusting the length of
the securing wire is fixed to the main frame 1.

[0037] A more detailed illustration of the securing wire 31 is shown in Figure 7. Each blade
bolt bushing 32 is located at the end of an elongated member 34 that is connected to a
bracket 36 to which the securing wire 31 is fixed. The bracket 36 helps to evenly distribute
the force of the securing wire 31 over the blade bolt bushings 32. Preferably, the elongated
members are articulated to traverse members 38 which in turn are articulated to the
bracket 36 to further assist in evenly distributing the force of the securing wire 31 over the
blade bolt bushings 32. The other end of the securing wire 31 is wound around a pulley 40
and fixed to a load pin arrangement 42 that is located at the main frame 1. The pulley 40 is
located at one end of a screw jack 44 the other end of which is also fixed to the main
frame 1. The load pin arrangement 42, the pulley 40 and the screw jack 44 form a means
for adjusting the length of the securing wire 31 which allows for tightening the securing
wire 31 once it is fixed to the blade root 33. The tightening action can be performed
remotely by electric, hydraulic or pneumatic means.

[0038] A second pitch angle 6, can be set by use of the gravitational pull on the center of
gravity CG of the blade 21 by coiling the pitch wires 9 by means of at least one coil located
on the sub frame 3 until the tilt wires 7 are slack. In the present embodiment the blade
orientation will be kept parallel to the horizontal when the pitch wires 9 are coiled until the
tilt wires are slack. The pitch angle 6, will then be 110°. Please note that compared to
Figure 5 Figure 8 shows the rotor blade 21 from the opposite side. The view onto the
section of the rotor blade shown in Figure 5 resembles a view from behind the sectional
plane of Figure 8. The reason therefore will be explained later with respect to Figures 10
and 11, which show different steps of mounting three wind turbine rotor blades 21 to a
rotor hub 35 at a nacelle located on the top of a wind turbine tower 39.

[0039] As has been described earlier the blade installation system is divided into a main
frame 1 and a sub frame 3 with the power supply 25 and winches 29 (power pack frame).
This is advantageous as the system becomes lighter and cheaper and is easier to handle
and to transport due to a decreased size. This can be seen in Figure 9 which shows a
transportation or local storage situation where the power pack frame 3 is at least partly
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placed within the main frame 1. It is also easier to access and maintain the power supply
25 of the power pack frame 3 if the blade installation system is divided into a main frame 1
and a power pack frame 3.

[0040] Figure 10 shows how the first two rotor blades 21 are mounted to the rotor hub 35.
For mounting the rotor blades 21 to mounting sections 37 of the hub 35 the hub will be
fixed and secured against rotation about the rotor axis with the mounting sections 37
showing in a direction parallel to the horizontal, upwards by 60° and downwards by 60°,
respectively. Since the rotor hub 35 is fixed the blades 21 need to be tilted such that they
can be mounted to the respective mounting section 37. Furthermore, the blades 21 are
pitched to adapt their pitch angle to the pitch angle of the respective mounting section 37.

[0041] In the present embodiment, the first blade, indicated by an A in Figure 10, will be
tilted and pitched as shown in Figures 4 and 5 and then mounted to its mounting section
37. Next, the second blade, indicated by B in Figure 10, is tilted as shown in Figure 6,
pitched as shown in Figure 5 and mounted to its mounting section 37 at the rotor hub 35.
Lifting the rotor blades is done by means of a crane (not shown) to which the sub frame 3
of the inventive lifting frame is attached. Tilting and pitching is done by using the winches
at the sub frame for setting the lengths of the wires so as to achieve the desired tilt and
pitch angles.

[0042] In a next step, the nacelle with the rotor hub 35 and the first two blades mounted
thereto is rotated by 180° about the tower axis. The orientation after this rotation is shown
in Figure 11. Rotating the nacelle is done in order to allow the last blade, indicated by C in
Figure 11, to be mounted from the same side as the first two blades. By this measure
moving the crane to the other side of the wind turbine can be avoided.

[0043] The third rotor blade is then lifted and kept in horizontal orientation for mounting it
to the respective mounting section 37. In addition, it is pitched to the pitch angle shown in
Figure 8 to adapt its pitch angle to the pitch angle of the mounting section 37. Then, the
blade 21 is mounted to the hub 35.

[0044] Please note that Figures 10 and 11 show the mounting of the rotor blades in a very
schematic view without depicting the correct pitch of the blades.

[0045] The lifting frame that has been illustrated with respect to a concrete embodiment of
the invention allows for mounting all wind turbine rotor blades of a wind turbine to the rotor
hub with the rotor hub being fixed and secured against rotation about the rotor axis. This is
particularly useful for mounting wind turbine rotor blades to rotor hubs of gearless direct
drive wind turbines.

[0046] Although the present invention has been illustrated by means of special
embodiments the invention shall not be restricted to these embodiments since deviations
therefrom are possible. For example, two pitch wires are used in the described
embodiment. However, it would be possible to use only one pitch wire. In this case, a
cross beam could be present at the suction side of the main frame 1. The single pitch wire
would then be connected to a location of the crossbeam between the root end and the tip
end of the main frame 1. The exact location of the crossbeam would be chosen in view of
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the pitch angle that is to be achieved by the gravitational pull when the tilt wires are slack.
Moreover, mounting the wind turbine rotor blades shall not be restricted to the order shown
in Figures 10 and 11. For example, one could first mount the rotor blade 21 indicated by C
in Figure 11 and then mount the rotor blades indicated by A and B in Figure 10 in any
order. In addition, if the rotor blades indicated by A and B in Figure10 are mounted first the
order of mounting the blades could be reversed.

[0047] Since deviations of the exemplary embodiments described with respect to the
Figures are possible the scope of protection of the present invention shall be defined by
the appended claims and not restricted to special embodiments of the invention.
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Patentkrav

1. Fremgangsméade til montering af vindmgllerotorvinger (21) til et rotornav
(35) med vingemonteringsafsnit (37), mens rotornavet (35) er allerede mon-
teret til en nacelle, ved spidsen af et vindmelletarn (39), hvor

- rotornavet (35) holdes i den samme faste rotationsposition for alle rotorvin-
ger (21), og rotorvingerne (21) haelder med individuelle haeldningsvinkler for
at montere dem til monteringsafsnittene (37) af rotornavet (35), hvor frem-
gangsmaden omfatter de falgende trin:

a) lofte den farste rotorvinge (21) fra grunden;

b) haelde den forste rotorvinge (21) med ca. +60° eller -60° i forhold til
vandret;

b) fastgere den forste rotorvinge (21) til vindmegllenavet, hvor vingen heelder
med ca. +60° eller -60° i forhold til vandret;

c) lofte den anden rotorvinge (21) fra grunden;

d) haelde den anden rotorvinge (21) med ca. -60° i forhold til vandret, hvis
den fgrste rotorvinge (21) haeldede med ca. +60° i forhold til vandret, eller
haelde den anden rotorvinge (21) med ca. +60° i forhold til vandret, hvis den
forste rotorvinge (21) heeldede med ca. -60° i forhold til vandret;

f) fastgere den forste rotorvinge (21) til vindmgllenavet (35), hvor vingen
haelder med ca. +60° eller -60° i forhold til vandret;

g) lofte den tredje rotorvinge (21) fra grunden;

h) fastgere den tredje rotorvinge (21) til vindmgllenavet, hvor rotorvingen (21)
i det veesentlige er pa linje med vandret,

hvor nacellen roteres omkring en krgjningsvinkel pa 180°, inden den tredje
rotorvinge (21) monteres pa rotornavet (35)

kendetegnet ved, at

hver rotorvinge (21) er skratstillet, efter den er lgftet fra grunden, til en vis
skrastillingsvinkel (81, 82), hvor den faorste og anden rotorvinge (21) er skrat-
stillet til en fgrste skrastillingsvinkel (84) pa 20° i forhold til lodret, og den tred-
je vinge (21) er skratstillet til en anden skrastillingsvinkel (82) pa 110° i for-
hold til lodret.

2. Lafteramme (1, 3) til at lofte en vindmegllerotorvinge til et rotornav (35) ved
anvendelse af en Igfteindretning, hvor lgfterammen (1, 3) omfatter:
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- en hovedramme (1) med en fastgarelsesindretning (23) til at fastgere vind-
mgllerotorvingen (21) til hovedrammen (1), hvor hovedrammen (1) har en
fodende (11), som vender mod foden af en rotorvinge (21), der er fastgjort til
hovedrammen, og en spids ende (13), der vender mod spidsen af en rotor-
vinge (21), der er fastgjort til hovedrammen (1);

- en underramme (3) med midler til fastgorelse af underrammen (3) til en lof-
teindretning; og

- mindst to haeldningskabler (7), som straekker sig fra underrammen (3) til
hovedrammen (1), hvor mindst ét af heeldningskablerne (7) er forbundet til et
sted ved den spidse ende (13) af hovedrammen (1), og hvor mindst et andet
af heeldningskablerne (7) er forbundet til et sted ved fodenden (11) af hoved-
rammen (1), hvor laengden af det mindst ét heeldningskabel (7), der er for-
bundet til et sted ved fodenden (11), og laeengden af det mindst ét haeldnings-
kabel (7), der er forbundet til et sted ved den spidse ende (13), kan justeres
indbyrdes, kendetegnet ved, at

- hovedrammen (1) omfatter en sugesidedel (19), der befinder sig ved suge-
siden af en rotorvinge (21), der er fastgjort til hovedrammen (1), og

- der findes mindst ét skrastillingskabel (9), som straekker sig fra underram-
men (3) til hovedrammen (1), og som er forbundet til et sted ved sugesidede-
len (19) af hovedrammen (1).

3. Lofteramme (1, 3) ifglge krav 2, hvor underrammen (3) omfatter en spilind-
retning (29), som er funktionelt forbundet i det mindste til haeldningskablet
eller haeldningskablerne, som er forbundet til et sted ved fodenden (11) af
hovedrammen (1) eller i det mindste til haeldningskablet (7) eller haeldnings-
kablerne, der er forbundet til et sted ved den spidse ende (13) af hovedram-
men (1).

4. Lofteramme (1, 3) ifglge krav 3, hvor spilindretningen omfatter to spil (29),
hvoraf et er funktionelt forbundet i det mindste til haeldningskablet (7) eller
haeldningskablerne, som er forbundet til et sted ved fodenden (11) af hoved-
rammen (1), og hvoraf det andet er funktionelt forbundet til haeldningskablet
(7) eller haeldningskablerne, der er forbundet til et sted ved den spidse ende
(13) af hovedrammen (1).
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5. Lefteramme (1, 3) ifolge et af kravene 2 til 4, hvor hovedrammen (1) yder-
ligere omfatter en tryksidedel (17), og stedet ved fodenden 11) af hoved-
rammen (1) og stedet ved den spidse ende (13) af hovedrammen (1), hvortil
haeldningskablerne (7) er forbundet, er anbragt pa tryksidedelen (17) af ho-
vedrammen (1).

6. Lofteramme (1, 3) ifalge et af kravene 2 til 5, hvor

- former og dimensioner af hovedrammen (1) og af fastgarelsesindretningen
er pa en saddan made, at hovedrammen (1) kan holde en rotorvinge (21),
hvor tyngdepunktet (CG) af rotorvingen (21) befinder sig mellem fodenden
(11) af hovedrammen (1) og den spidse ende (13) af hovedrammen (1), og

- de steder, der befinder sig pa tryksidedelen (17) af hovedrammen (1) er
udvalgt p& en sddan made, at kordelinjen (C) af rotorvingen (21) péa grund af
tyngdekraften, som pavirker tyngdepunktet (CG) af rotorvingen (21), omfatter
en fgrste skrastillingsvinkel (81) med lodret, hvis det mindst ét skrastillingska-
bel (9) er slapt, og/eller

- det mindst ét skrastillingskabel (9) er forbundet til et sted ved sugesidedelen
(19) af hovedrammen (1), som er udvalgt pa en sddan made, at kordelinjen
(C) af vingen péa grund af tyngdekraften, som pavirker tyngdepunktet (CG) af
rotorvingen (21), omfatter en anden skréstillingsvinkel (8,) med lodret, hvis
skrastillingskablerne (7) er slappe.

7. Lofteramme (1, 3) ifolge krav 6, hvor de steder, der befinder sig pa tryk-
sidedelen (17) af hovedrammen (1), og det sted ved sugesidedelen (19) af
hovedrammen (1) er udvalgt pa en sadan made, at den anden skrastillings-
vinkel (8,) er den farste skrastillingsvinkel (84) plus 90 grader.

8. Lofteramme (1, 3) ifelge krav 7, hvor de steder, der befinder sig pa tryk-
sidedelen (17) af hovedrammen (1), og det sted ved sugesidedelen (19) af
hovedrammen (1) er udvalgt p4 en sadan made, at den fgrste skrastillings-
vinkel (64) er 20 grader, og den anden skrastillingsvinkel (62) er 110 grader.

9. Leofteramme (1, 3) ifalge et af kravene 2 til 8, hvor hovedrammen (1) om-
fatter et lasesystem (31, 32) til at forhindre rotorvingen (21) i at slippe ud af
hovedrammen (1), i det tilfeelde hovedrammen (1) haelder, séledes at den



DK/EP 2589795 T3

spidse ende (13) af hovedrammen (1) er anbragt hgjere end fodenden (11) af
hovedrammen (1).
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