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{(54) Title: METHIOD HOR MOUNTING ROTOR BLADES AND ROTOR BLADE HOR A WIND TURBINE

(54 Bezeichnung: VERTAHREN ZUR MONTAGE VON ROTORBLATTERN SOWIE EIN ROTORBLATT I'UR EING WIND-
ENERGIEANLAGE

{57) Abstract: The invention relates to a method for mounting rotor
blades on & rotor hub, which is connectled Lo a nacel’e of a wind turhine.
Said method comprises the following steps: rotation of the rotor hub
into a predefined first position; mounting of a rotor blade (21); rotation
of the rotor hub into a predefined second position with the aid of the
mounted rotor hlade (21) and mounting of a second rotor blade (22),
whereby the rotor hub is rotated in the direction of tha gravitational force
of the fitst rolor blade (21) that has already been mounted. A crane,
which is sufficient for mounting the rotor hub itself or the nacelle, can
also be used to mount rotor hlades on wind turhines with a relatively
high hub. The invention also relales (o arolor blade that is 1o be mounted
on a wind ‘urbine, said rotor blade having at least one bore.
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(57) Zusammenlassung: Ein Verlahren zur Montage von Rotorbliliern
an ciner Rotornabe, dic mit ciner Gondel ciner Windencrgicanlage ver-
bunden ist, beinhaltet die Schritte: Drehen der Rotornabe in eine vorge-
gcbene ersic Position, anbringen cines Rotorblattes (21), drchen der Ro-
tornabe mit Hilfe des Rotorblattes (21) in cine vorgegebene zweite Posi-
tion und montieren eines zweiten Rotorblaties (22), wobei die Dret:ung
der Rotorrabe in Richtung der Schwerkraftwirkurg des bereits mon-
tierten ersten Rotorblattes (21) erfolgt. Hierdurch kann bei der Montage
von Rotorblittern an Windenergieanlagen mit einer relativ grossen Na-
benhghe anch ein Kran verwendet werden, der auch zur Montage der
Rotornabe selbst bzw. der Gondel ausreicht. Ferner ist ein zu montie-
rendes Rotorblatt fiir eine Windenergieanlage gezeigt, wobei das Rotor-
blatt wenigstens ein Durchgangsloch aufweist.
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Aloys WOBBEN
Argestrasse 19, 26607 Aurich

Method for mounting rotor blades and a rotor blade
for a wind turbine

The invention relates to a method of mounting rotor blades to a rotor
hub which is connected to a pod of a wind power installation, and a rotor
blade for a wind power installation.

Rotor blades for wind power installations are generally known. With
increasing size of the wind power installations and an increasing output
power, the size of the rotor blades and the inherent weight thereof is also
increasing. Therefore, cranes are required to mount the components, which
can transport the loads of increased inherent weight to greater heights.
Accordingly the cranes required are also becoming larger.

The object of the invention is to simplify mounting of the rotor blades
and to improve the handleability of the rotor blades.

The object of the invention is attained by a method of rotor blade
mounting as set forth in claim 1 and by a rotor blade as set forth in claim 6.

The method of mounting rotor blades to a rotor hub which is
connected to a pod of a wind power installation is effected by rotating the
rotor hub into a predetermined first position, fitting a rotor blade, rotating
the rotor hub by means of the rotor blade into a predetermined second
position, wherein the rotation of the rotor hub is effected in the direction of
the effect of the gravitational force of the first rotor blade which has
already been mounted.

Thus, even when mounting rotor blades to wind power installations
in which the hub is at a relatively great height, it is possible to use a crane
which is also sufficient for mounting the rotor hub itself or the pod.

In a particularly preferred development of the method according to
the invention the pod is rotated through 180 degrees before the second
rotor blade is fitted. That procedure permits mounting of the second rotor
biade without the crane having to change its location as the rotation of the
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pod means that the fitment position of the rotor biade is again at the side
of the wind power installation at which the crane is set up.

In a further preferred development of the method the rotor hub is
rotated by means of the second rotor blade into a further predetermined
position, the pod is again rotated through 180 degrees and a third rotor
blade is fitted.

That way of mounting the third rotor blade is also possible without a
change in the location of the crane and the rotor blades can be fitted in a
time-saving manner by virtue of saving on the complicated and expensive
operation of changing the location of the crane.

In order to promote the rotary movement of the hub in a particularly
simple and effective manner, the crane can engage the rotor blade and
particularly preferably a through hole in the rotor blade and thus slow down
the rotary movement of the rotor blade in the direction of the gravitational
force by means of an oppositely directed force. In that way the rotation can
be securely controtled and influenced in a simple manner.

The invention also relates to a rotor blade for a wind power
installation.

In order to improve the handleability of the rotor blade, the rotor
blade has at least one through hole in the rotor blade at a predetermined
position. That has the advantage in particular that handling means which
can engage through the rotor blade are faster and more secure in use than
the known handling procedure using straps and lashing cables.

In a preferred embodiment the rotor blade has a through hole
extending substantially perpendicularly to the longitudinal axis of the rotor
blade. By virtue thereof, in accordance with the orientation of the through
hole in the rotor blade, that rotor blade can be handled in a substantially
horizontal position orin a substantially vertical position.

In a particularly preferred feature the through hole extends between
the suction side of the rotor blade and the pressure side thereof and thus
permits handling of the rotor blade in a substantially horizontal position
which is comparable to the feathered position. In that case the rotor blade
affords the smallest possible surface area for the wind to act thereon and is
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3
thus naturally also exposed to the influence thereof to the minimum
possible extent.

In a particularly preferred development of the invention the rotor
blade, at at least one predetermined position on the longitudinal axis
thereof, has two mutually crossing through holes which extend
perpendicularly to the longitudinal axis of the rotor blade and which permit
flexible handling of the rotor blade in dependence on for example local
factors.

Further advantageous embodiments are set forth in the appendant
claims.

The invention is described in greater detail hereinafter with reference
to the Figures in which:

Figure 1 shows a side view of a first embodiment of a rotor blade
according to the invention,

Figure 2 shows a side view of an alternative embodiment of a rotor
blade according to the invention,

Figure 3 shows a simplified cross-sectional view of a rotor blade
portion having a through hole,

Figure 4 shows a simplified cross-sectional view of a rotor blade
portion according to the invention with an alternative embodiment of the
through hole,

Figure 5 shows the starting situation in the method according to the
invention of mounting the rotor blade,

Figure 6 shows the first step of the method according to the
invention,

Figure 7 shows the second step of the method according to the
invention,

Figure 8 shows the third step of the method according to the
invention,

Figure 9 shows the fourth step of the method according to the
invention,

Figure 10 shows the fifth step of the method according to the

invention,
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Figure 11 shows the sixth step of the method according to the
invention,

Figure 12 shows the seventh step of the method according to the
invention, and

Figure 13 shows the eighth step of the method according to the
invention.

The plan view in Figure 1 is a simplified view of the rotor blade 21.
The rotor blade 21 has two through holes 30, 32 between the rotor blade
roct 25 and the rotor blade tip 26 in its longitudinal direction. The through
hole 32 is provided in the region of the rotor blade tip 26 while the through
hole 30 is disposed in the region near the rotor blade root. In this respect
those positions are so established that safe and secure handiing of the rotor
blade upon mounting thereof to a rotor hub of a wind power installation is
guaranteed. The positions for the holes 30, 32 are established having
regard to a connection in relation to the ioad-bearing structure of the rotor
blade 21.

Figure 2 shows an alternative embodiment of the rotor blade 21 with
only one through hole 30. This single through hole 30 is appropriately
arranged at the centre of gravity of the rotor blade so that the blade can
also be safely handled with a handling means. In this case also naturally a
connection to the load-bearing structure is taken into consideration.

Further embodiments with more than two through holes are also
possible.

Figures 3 and 4 show by way of example aiternative embodiments of
the through holes.

Figure 3 shows a cylindrical through hole 30, 32 which can be closed
by suitable cover members.

Figure 4 shows a through hole 30, 32 which is also cylindrical in a
central portion, but the end portions of the through hole 30, 32, which are
adjacent to the surfaces of the rotor blade 21, are enlarged. That
enlargement permits improved fitment of cover members which close the
through hole 30, 32 in order on the one hand to prevent the ingress of dirt
and moisture and on the other hand in order to prevent the flow at the
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retor blade from being influenced by the hole by the cover members being
inserted flush into the surface. Different per se known possible ways such
as for example an undercut configuration, a screwthread and so forth are to
be considered for the purposes of fixing such a cover member (not shown).

Figure 5 shows the starting situation of the method according to the
invention for fitting rotor blades to the rotor hub of a wind power
installation. This preferably involves using rotor blades with through holes,
as shown in Figures 1 and 2. Therein and in following Figures 5-13 the
components required to describe the invention are illustrated in greatly
simplified form. In that respect reference 10 denotes the pylon of a wind
power installation, 12 indicates the orientation of the pod, 14 represents
the rotor circle, 16, 17 and 18 give the orientation of the rotor blade
connections, and 21, 22 and 23 denote fitted rotor blades.

For the purposes of mounting the rotor blades to the rotor hub of the
pod of a wind power installation, handling means are fixed in the through
holes 30, 32 in order to be able to convey the rotor blades safely upwardly
to the rotor hub by means thereof and by means of a crane. As the through
holes extend between the suction side and the pressure side of the rotor
blade, the rotor blades can be safely handled in a horizontal position. The
provision of the above-described through holes in the rotor blades
considerably simplifies the method described hereinafter of mounting those
rotor blades.

In Figure 5 the rotor circle 14, in the viewing direction, is disposed
behind the pylon 10 of the wind power installation and the rotor blade
connections 16, 17, 18 are disposed in the positions at 12 o'clock, 4 o'clock
and 8 o'clock.

In the first method step the rotor hub is now moved into a
predetermined position. This is shown in Figure 6. What is essential in this
respect is that the rotor blade connection 17 is now in the 9 o'clock
position. Accordingly the rotor blade 16 is now in the 1 o'clock position and
the rotor blade connection 18 is in the 5 o'clock position.

The orientation of the rotor blade connection 17 which is achieved in
that fashion now makes it possible for a rotor blade 21 to be fitted to that
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rotor blade connection, in a horizontal orientation. For that purpose the
rotor blade is arrested in the desired position. That arresting action is
presupposed for the purposes of further description hereinafter and is not
explicitly mentioned any further.

The situation after mounting of the first rotor blade 21 is shown in
Figure 7. There the rotor blade 21 is in the 9 o'clock position while the rotor
blade connections 16 and 18 are in the 1 o'clock and 5 o'clock positions
respectively.

The next method step is shown in Figure 8. There the rotor blade 21
is lowered into the 7 o'clock position. That lowering movement can be
effected by the action of the force of gravity. At the same time the crane
{not shown) which lifted the rotor blade 21 into the mounting position can
act in opposite relationship to the rotary movement and thus impose a
controlled rotary movement.

It can also be seen from this Figure that the rotor blade connection
18 is now in the 3 o'clock position and the rotor blade connection 16 is in
the 11 o'clock position.

Figure 9 dearly shows that, with the position of the rotor hub
unchanged, the pod was rotated through 180 degrees so that the rotor
circle 14 is in front of the pylon 10, in the viewing direction. By virtue of
that rotary movement of the pod the rotor blade 21 is now in the 5 o'clock
position, the rotor blade connection 16 is in the 1 o'clock position and the
rotor blade 18 is in the 9 o'clock position. Accordingly a further rotor blade
which was lifted by the crane in a horizontal position can now be fitted to
that rotor blade connection 18 without the crane having to change its
position.

The situation which then results is shown in Fiqure 10. There the
rotor blade connection 16 is still in the 1 o'clock position, the first rotor
blade 21 is in the 5 o'clock position while the second rotor blade 22 is now
in the 9 o'clock position.

To prepare for mounting the third rotor blade, then, as shown in
Figure 11, the rotor blade 21 is pivoted out of the 5 o'clock position into the
7 o'clock position by means of the crane. As a consequence the second
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rotor blade 22 moves into the 11 o'clock position and the rotor blade
connection 16 passes into the 3 o'clock position. Subsequently the pod is
again rotated through 180 degrees.

The result of that rotary movement is shown in Figure 12. From the
viewpoint of the observer the rotor circle 14 is now again disposed behind
the pylon 10. As a consequence, with the rotor hub position unchanged, the
first rotor blade 21 is in the 5 o'clock position, the second blade 22 is in the
1 o'clock position and the rotor blade connection 16 is in the 9 o'clock
position. In that way a third rotor blade c¢an be fitted to that rotor blade
connection 16 once again without a change in the location of the crane.
This is shown in Figure 13. The first rotor blade 21 is in the 5 o'clock
position, the second rotor blade 22 is in the 1 o'clock position and the third
rotor blade 23 is in the 9 o'clock position. The method according to the
invention is thus concluded and all three rotor blades are fitted to the wind
power installation.

The reference to any prior art in this specification is not, and should
not be taken as, an acknowledgement or any form of suggestion that the

prior art forms part of the common general knowledge in Australia.
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CLAIMS

1. A method of mounting rotor blades to a rotor hub of a wind power
installation, wherein the rotor hub is connected to a pod, including the
following steps:

a) rotating the rotor hub into a predetermined first position,

b) fitting a rotor blade,

¢) rotating the rotor hub by means of the first rotor blade into a
predetermined second position, and

d) mounting a second rotor blade,

characterised in that

the rotation of the rotor hub is effected in the direction of the effect of
gravitational force of the first rotor blade, and

wherein the pod is rotated through 180 degrees before the second
rotor blade is fitted.

2. A method according to claim 1 characterised in that

a) the rotor hub is rotated by means of the second rotor blade into a
further predetermined position,

b) the pod is again rotated through 180 degrees, and

¢) a third rotor blade is fitted.

3. A method according to one of claims 1 or 2, characterised in that a
crane engages a rotor blade and assists with the rotary movement of the
hub.

4. A method according to claim 3 characterised in that the crane
engages a through hole in the rotor blade.

5. A method of mounting rotor blades to a rotor hub of a wind power

installation substantially as herein described.
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