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LIFTING DEVICE AND METHOD FOR POSITIONING OF A UNWIELDY OBJECT

TECHNICAL FIELD OF THE INVENTION

The invention relates to a lifting device for positioning an unwieldy object
in such a way that said object can be attached to a tall structure wherein the lifting device
does not come into contact with the tall structure. In particular, the invention relates to a
lifting device for lifting and positioning a wind turbine blade in such a manner that the
latter can be attached to a hub which is situated on a nacelle at the top of a wind turbine

tower.

BACKGROUND OF THE INVENTION

A device and method for handling, positioning and mounting a wind turbine
blade to a drive shaft is known from EP1925583. In the known device, a wind turbine
blade is positioned horizontally or vertically with respect to the drive shaft. The wind
turbine blade is suspended in a frame which in turn is suspended on cables of a lifting
device. The use of cables affects the installation in case of wind.

International application W0200941812 describes a method in which the
wind turbine blades are attached to the nacelle with hub first, with the nacelle resting
against a boom structure of a hoisting crane and with the nacelle with wind turbine blades

then being placed on the mast by means of the hoisting crane.

SUMMARY OF THE INVENTION

It is an object of the invention to provide an improved lifting device suitable
for lifting and positioning an unwieldy, in particular elongate, object so that the latter can
be fitted to a tall vertical structure, more specifically, lifting a wind turbine blade from a
substantially horizontal position, positioning the wind turbine blade against the hub of a
wind turbine at an arbitrary angle (not necessarily vertically or horizontally). The
advantages of the lifting system are that only one crane is required to construct a wind
turbine, that wind turbine blades can be fitted at relatively great wind speeds, that the wind
turbine blades can be fitted on the hub at any arbitrary angle, with the hub being placed on
the mast, and the like.
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According to the invention, this object is achieved by a lifting device which
has the features of Claim 1. Advantageous embodiments and further embodiments of the
invention can be achieved by means of the measures mentioned in the subclaims.

A lifting device according to the invention is configured so that it can
autonomously position an unwieldy object in such a manner that said object can be
mounted on a tall structure. In the present context, unwieldy means a large, heavy and
possibly elongate object, such as for example a wind turbine blade. In the present context,
a tall structure is a structurc with a minimum installation height of the object of 60 metres
above the water surface or the ground surface. In the present context, autonomously means
that the lifting device does not require support from the tall structure in order to be able to
position the unwieldy object. The lifting device comprises a boom structure with a
longitudinal axis and is characterized by the fact that the lifting device is furthermore
provided with a positioning device which is displaceably connected to the boom structure,
wherein the boom structure is provided with guiding means for guiding the positioning
device along the longitudinal axis and wherein the positioning device is provided with a
displacement structure cooperating with the guiding means and a mounting structure for
detachably mounting the unwieldy object on the positioning device wherein the boom
structure and displacement structure of the positioning device form an assembly for the
approximate positioning of the mounting structure with respect to the tall structure and
wherein the positioning device is furthermore provided with additional means for
accurately positioning the object with respect to the tall structure.

The invention is based on the insight that the positioning of an object
suspended from cables at great height is affected by wind. The lifting device according to
the invention provides a rigid, yet adjustable connection between the object and the boom
structure. Positioning is now no longer affected by the swaying of the lifting cables.

In an embodiment, the additional means comprise a rotation part which is
configured to rotate the mounting structure about a first rotation axis on the displacement
structure. This embodiment has the advantage that the object can be turned about a rotation
axis. In the case of a wind turbine blade, this feature makes it possible to mount the blade
to the hub irrespective of the angle which the hub makes. Also, it is no longer necessary to’
turn the hub during mounting of the wind turbine blades.

An advantageous embodiment of the invention is characterized by the fact

that the additional means are configured for three-dimensionally displacing the mounting
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structure with respect to the displacement structure. This feature makes it possible to take
the object accurately to the mounting point after having been taken near the mounting point
on the tall structure.

An embodiment is characterized by the fact that the positioning device
comprises first tilting means for turning the mounting structure about a second rotation
axis which is substantially parallel to the longitudinal axis of the boom structure. This
provides an additional degree of freedom of movement for accurately positioning the
object. This means that the boom structure having a degree of freedom requires less
accuracy when being positioned. A further embodiment is characterized by the fact that the
positioning device comprises second tilting means for turning the mounting structure about
a third rotation axis which is substantially at right angles to the second rotation axis. These
features further improve the positioning properties of the lifting system.

An embodiment is characterized by the fact that the positioning device is
provided with linear displacement means for the lincar displacement of the mounting
structure in a direction which is substantially at right angles to the first rotation axis. These
features make it possible for the wind turbine blade to be placed against or in the mounting
structure via the radius when a wind turbine blade is radially in line with the corresponding
mounting structure on a hub.

A further embodiment is characterized by the fact that the lifting device
furthermore comprises a stabilizing device which is configured to reduce the swaying of
the boom structure and/or mounting structure. This makes it possible to continue to work
even under relatively adverse weather conditions.

An embodiment is characterized by the fact that the lifting device is in the
form of a vessel, in particular a jack-up platform, the object is a wind turbine blade and the
tall structure is a wind turbine tower which is provided with a nacelle comprising a hub.

An aspect of the invention is to provide a new method for handling and
mounting wind turbine blades on a hub of a wind turbine. In this case, use is made of a
lifting device according to the invention. By using the lifting device according to the
invention, a wind turbine blade can be mounted on a hub at any angle. The hub no longer
has to be in a predetermined position in order to be able to mount a wind turbine blade.
Conversely, the lifting device offers possibilities for a new method for demounting wind

furbine blades.



10

15

20

25

30

WO 2012/002809 . PCT/NL2011/050467

It will be clear that the various aspects mentioned in this patent application
can be combined and may each be considered individually for a divisional patent

application.

BRIEF DESCRIPTION OF THE FIGURES

These and other aspects, features and advantages of the invention are
explained in more detail by means of the following description with reference to the
drawings, in which the same reference numerals denote identical or similar parts, and in
which:

FIG. 1 shows a side view with different positions of a lifting device
according to the invention;

FIG. 2 shows a first top view of a positioning device according to the
invention;

FIG. 3 shows a second top view of the positioning device;

FIG. 4 shows a first side view of the positioning device;

FIG. 5 shows a second side view of the positioning device; and

FIG. 6 shows the installation of a wind turbine blade on a hub.

DESCRIPTION OF EMBODIMENTS

FIG. 1 shows a side view of different positions of a lifting device 1
according to the invention. The lifting device 1 is configured to lift a wind turbine blade 5
and position it with respect to a hub of a wind turbine. A hub is the central part of a wind
turbine which is mounted on a drive shaft of a generator which comprises a mounting
structure for mounting two or more wind turbine blades. An embodiment of a mounting
structure for a wind turbine blade is a flange provided with holes through which bolts of
the wind turbine blade are pushed, so that the wind turbine blade can be attached to the hub
using nuts.

FIG. 1 illustrates a position in which a wind turbine blade lies on a loading
floor, a position in which the wind turbine blade is attached to the lifting device, two
positions in which the wind turbine blade is turned 180° about a rotation axis 7a and the
boom is in a substantially horizontal position, and positions which illustrate the movability
of a wind turbine blade with respect to the lifting device with the wind turbine blade 5
being situated at the top of the lifting device and the boom being peaked up. It should be
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noted that the boom structure does not have to be in a horizontal position. Since peaking up
and peaking down a long boom structure takes time, it is preferable if the object is attached
to the boom structure in a position in which the boom structure is as much as possible out
of a horizontal position.

The lifting device 1 according to the invention comprises a boom structure 2
of a hoisting crane. The boom structure 2 is attached to a platform 3 which is rotatable
about a platform rotation axis 3a. At a fixed end 2a, the boom structure 2 is hingedly
connected to the platform 3. The boom structure 2 can be peaked up, i.c. erected, ina
known manner around the hinge point, and be peaked down, i.e. lowered. Reference
numeral 12 indicates the movement associated with peaking up and peaking down the
boom structure 2. During peaking up, the wind turbine blade is tilted. If the longitudinal
axis of the wind turbine blade is parallel to the boom structure, the wind turbine blade is
taken from a substantially horizontal position to a substantially vertical position.

A positioning device 4 is connected to the boom structure 2 so as to be
movable. To this end, the boom structure 2 is provided with guiding means which are
configured to guide the positioning device 4 along the boom structure 2 between the fixed
end 2a and a free end 2b of the boom structure 2, the direction being substantially parallel
to the longitudinal axis of the boom structure 2. The positioning device 4 is provided with
guiding means which cooperate with the guiding means of the boom structure 2 in order to
move the positioning device 4 along the boom structure 2 and also keep it positioned
against the boom structure. In an embodiment, the guiding means of the boom structure 2
is a guide rail and the guiding means of the positioning device 4 is a device provided with
wheels which run in/around/over the guide rail. The positioning device 4 can be moved
along the boom structure 2 by means of a conventional hoisting means of a hoisting crane,
for example the cable with hook. It is also possible for the positioning device to be
provided with a motor with a gear wheel and in this case, the guiding means of the boom
structure 2 comprise a cogged rail. In this embodiment, the positioning device 4 can be
moved along the boom structure 2 independently. The boom structure 2 and the
cooperating guiding means of the boom structure 2 and the positioning device 4 together
form an assembly for approximately positioning the wind turbine blade 5 with respect to a
hub of a wind turbine. They are used to move the wind turbine blade from a storage

position to a height near the hub. The positioning device is furthermore configured to
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accurately position the wind turbine blade near the hub in such a manner that it can be
attached to the hub.

In order to displace a wind turbine blade 5 with the lifting device 1, use is
made of a supporting frame 6 which is provided with a fixing device (not shown) for fixing
the wind turbine blade 5 in the supporting frame 6. After the positioning device 4 has been
placed above the supporting frame, the supporting frame is hoisted up by means of
winches and then the supporting frame is fixed on a mounting structure of the positioning
device 4. The fixing device is preferably remote-controlled and configured in such a
manner that it can release the wind turbine blade after the wind turbine blade has been
mounted on the hub.

FIGS. 2 - 5 show various views of a positioning device 4 according to the
invention. The positioning device 4 will be described in detail with reference to these
figures. The boom structure 2 has guiding means 2c¢ in the form of a rail with which the
guiding means 4a of the positioning device 4 are in engagement. The guiding means 4a are
attached to a first structural part 4b of the positioning device. The positioning device 4
furthermore comprises a second structural part 4c which is hingedly connected to the first
structural part 4b about a hinge point 7b. Drive elements 4d, in the form of, for example,
hydraulic cylinders, are provided on either side of the hinge point 7b, between the first and
second structural part 4b, 4c, and are configured in order to rotate the two structural parts
with respect to one another about the hinge point 7b. FIG. 2 shows the situation in which
the first structural part 4b extends parallel to the second structural part 4c. In FIG. 3, both
parts make an angle R1 with respect to one another. The maximum angle R1 which can be
made is preferably in the range from 15 - 30°.

Power supplies 4g, such as batteries, motors, pumps, etc. are provided on
the first structural part 4b in order to operate the drive elements 4d. However, it is also
possible for all or part of these facilities to be provided at the bottom of the boom structure,
in which case hoses and cables are required which run along the boom structure in order to
actuate the drive means 4d.

The positioning device 4 furthermore comprises a rotation part 4e which is
preferably provided with a bearing. FIGS. 4 and 5, which show a side view of the
positioning device 4, illustrate that the rotation part 4e is hingedly connected to the second
structural part 4c about hinge point 7c. The rotation axis of hinge point 7¢ is at right angles

to the rotation axis of hinge point 7b. A drive means 4d’ in the form of a hydraulic cylinder
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is arranged between the bearing part 4e and second structural part 4c¢ and is configured to
rotate the bearing part 4e with respect to the second structural part 4c about the hinge point
7c. In FIG. 5, the rotation part 4e is at an angle R2 with respect to the second structural part
4c. The maximum angle R2 which can be made is preferably in the range from 15 - 30°.
The rotation part 4e has a rotation axis 7a which is at right angles to the rotation axis of
hinge point 7c.

The combination of the rotation axes of hinge point 7b, hinge point 7c and
the rotation axis of the rotation part 4¢ makes it possible to place a wind turbine blade at an
arbitrary orientation with respect to the boom structure 2.

The positioning device 4 is furthermore provided with a mounting structure
4f. The mounting structure 4f is configured to detachably mount a supporting frame 6 in
which a wind turbine blade is fixed. The mounting structure 4f is provided with hoisting
means for hoisting the supporting frame 6 against the mounting structure 4{. In this
embodiment, the hoisting means are in the form of a winch with cables 8. FIGS. 2 and 4
show views in which the supporting frame 6 is at a distance from the mounting structure 4f
and is suspended from cables 8. FIGS. 3 and 5 show views in which the supporting frame
is fixed to the mounting structure 4f. If the supporting frame 6 is fixed to the mounting
structure 4f, the wind turbine blade can no longer move in an uncontrolled manner with
respect to the boom structure 2.

The mounting structure 4f is provided with linear displacement means for
linearly displacing the mounting structure 4f in a direction 14 which is at right angles to the
rotation axis 7a of the bearing part 4e. The bearing part 4¢ comprises a guide rail 4g along
which wheels 4h of the mounting structure roll. Linear displacement is effected by means
of a drive means (not shown), for example in the form of a hydraulic cylinder. The linear
displacement means make it possible, once a wind turbine blade has been positioned with
respect to the hub, to slide the threaded ends provided at the end of a wind turbine blade
into corresponding holes in the flange of the hub, following which nuts are fastened to the
threaded ends in order to fix the wind turbine blade on the hub.

FIG. 6 illustrates the placement of a wind turbine blade on a hub using a
device according to the invention. The lifting device is in the form of a jack-up platform or
vessel. The lifting device comprises a floating body 15 with a hoisting crane with a boom

structure 2 situated thereon. The floating body 15 is secured on the seafloor 17 by means of
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vertical columns 16, next to a mast 9 on which a nacelle 10 with hub 18 is installed. On the
deck of the floating body, a supply 51 of wind turbine blades 5 is present.

A method for positioning a wind turbine blade and mounting the blade on a
hub which is situated on a nacelle at the top of a wind turbine tower using the above-
described device comprises the following steps:

a) providing at least one horizontal or semi-horizontal wind turbine blade 5;

b) fixing the blade in a supporting frame 6;

¢) positioning the boom structure 2 of a lifting device in such a manner that the mounting
structure 4f is in line with the supporting frame 6;

d) mounting the supporting frame 6 on the mounting structure 4f, which can be effected by
placing the supporting frame 6 against the mounting structure 4f by means of a hoisting
device 8 attached to the mounting structure 4f;

e) upwardly tilting 12 the boom structure 2;

f) displacing 11 the positioning device 4 along the boom structure;

g) positioning 7a, 13, 14 the wind turbine blade 5 with respect to a corresponding
mounting structure on the hub 18;

h) mounting the wind turbine blade 5 on hub 18; and

i) detaching the supporting frame 6 from the wind turbine blade 5.

In step b), the wind turbine blade has to be fixed in the supporting frame in
such a manner that it can be detached from the supporting frame in a simple and remotely
controlled manner after it has been placed on the hub. Furthermore, the centre of gravity of
the wind turbine blade is preferably inside the contour of the supporting frame in order to
minimize the maximum rotation forces in the lifting device, in particular on the positioning
device 4.

Steps e) and f) can be carried out in reverse order and together form the
approximate positioning of the wind turbine blade 5 with respect to the hub 18. These steps
may also comprise turning the platform 3 about rotation axis 3a.

Step g) is the precision positioning of the wind turbine blade 5 with respect
to the hub and comprises at least one of the following substeps:
gl) rotating the wind turbine blade about a first rotation axis which corresponds to the

rotation axis 7a of the rotation part;
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g2) tilting the wind turbine blade about a second rotation axis which corresponds to a
rotation about the hinge point 7b between the first structural part 4b and second structural
part 4c;

g3) tilting the wind turbine blade about the third rotation axis which corresponds to a
rotation about the hinge point 7c between the second structural part 4c and the rotation part
de.

By making use of rotation about the second and third rotation axes 7b, 7c, it
is possible to position the turbine blade at right angles to the rotation axis of the hub. The
first rotation axis then makes it possible to position the wind turbine blade 5 radially to the
hub and in line with the mounting structure on the hub.

Preferably, the supporting frame 6 is mounted on the mounting structure in
step d) in such a way that the displacement direction of the linear displacement means is
substantially parallel to a longitudinal axis of the turbine blade 5. In this case, step g)
furthermore comprises:

g4) actuating the linear displacement means in order to push the wind
turbine blade in the radial direction around or in a mounting structure on the hub.

In the described embodiment of the positioning device 4, two hinging
structures are provided in order to form the hinge points 7b and 7c¢. In another
embodiment, the connection between the first structural part 4b and second structural part
4¢ comprises three or more linear drive means, such as hydraulic cylinders 4d. In this
embodiment, the rotation part 4e is also fixed on the second structural part 4c. By means of
this movable coupling structure, it is possible to perform the same movements as with the
two hinging structures. An additional advantage of this coupling structure is the fact that,
in addition to rotary movements, it also allows a translational movement, as a result of
which the distance between the boom structure 2 and the mounting structure 4f can be
varied without changing their orientation with respect to one another. However, this makes
different demands on the linear drive means, as they can now be loaded in a direction at
right angles to the linear displacement direction of the drive means.

The above-described lifting device can be used on both land and sea. The
lifting device may be in the form of a mobile crane or a crane on a vessel which may or
may not be autonomously driven. Thus, the lifting device may be in the form of a jack-up
platform. The boom structure 2 is part of a hoisting crane which is, for example, 100

metres tall and suitable for hoisting weights in the range from 800 — 1000 tons. A further
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advantage of the lifting device is the fact that all parts of a wind turbine, that is to say mast
or tower, nacelle, generator, hub and wind turbine blades can be positioned using the same
boom structure. At the same time, the lifting device can be used for demounting the blades
of the hub at any arbitrary angle of the wind turbine blades.

It will be clear that it is important that the wind turbine blade is suspended
as stably as possible so as to position and mount a wind turbine blade. A boom structure 2
tends to sway at high wind speeds. In order to reduce this swaying movement, the device
may furthermore be provided with a stabilizing device. The stabilizing device may
comprise sensors which measure the swaying of the boom structure and/or the mounting
structure of the positioning device. On the basis of the resulting sensor signals, drive
elements of the positioning device can be actuated in order to reduce the swaying of the
mounting structure from which the object is suspended. The less the swaying, the longer
work can be continued.

The above-described measures for embodying a lifting device according to
the invention can, of course, be applied separately or parallel or in a different combination
or further measures may, if desired, be added, the embodiment will in this case
substantially depend on the area of application of the lifting device. The invention is not
limited to the illustrated embodiments and modifications thereto can be made without

departing from the inventive idea.
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CLAIMS:

1. Lifting device configured to autonomously position an unwieldy object in
such a manner that said object can be mounted on a tall structure, wherein the lifting
device (1) comprises a boom structure (2) with a longitudinal axis, characterized in that the
lifting device is furthermore provided with a positioning device (4) which is displaceably
connected to the boom structure, wherein the boom structure is provided with guiding
means (2¢) for guiding the positioning device along the longitudinal axis and wherein the
positioning device is provided with a displacement structure (4a) cooperating with the
guiding means (2¢) and a mounting structure (4f) for detachably mounting the unwieldy
object on the positioning device wherein the boom structure (2) and displacement structure
(4a) of the positioning device (4) form an assembly for the approximate positioning of the
mounting structure (4f) with respect to the tall structure and wherein the positioning device
(4) is furthermore provided with additional means (4d, 4e) for accurately positioning the

object with respect to the tall structure.

2. Lifting device according to Claim 1, characterized in that the additional
means comprise a rotation part {(4¢) for rotating the mounting structure (4f) about a first

rotation axis (7a) on the displacement structure (4).

3. Lifting device according to Claim 2, characterized in that the additional
means are configured for three-dimensionally displacing the mounting structure (4f) with

respect to the displacement structure (4a).

4. Lifting device according to Claims 2 or 3, characterized in that the
additional means comprise first tilting means for turning the mounting structure about a
second rotation axis (7b) which is substantially parallel to the longitudinal axis of the boom

structure.

5. Lifting device according to Claim 4, characterized in that the additional
means comprise second tilting means for turning the mounting structure about a third

rotation axis (7c) which is substantially at right angles to the second rotation axis.
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6. Lifting device according to one of Claims 2 — 5, characterized in that the
additional means comprise linear displacement means for the linear displacement of the
mounting structure in a direction which is substantially at right angles to the first rotation

axis.

7. Lifting device according to one of Claims 2 -6, characterized in that the
lifting device furthermore comprises a stabilizing device which is configured to reduce the

swaying of the object due to swaying of the boom structure.

8. Lifting device according to one of Claims 2 — 7, characterized in that the

lifting device is in the form of a vessel, in particular a jack-up platform.

9. Lifting device according to one of Claims 2 — 8, characterized in that the
object is a wind turbine blade and the tall structure is a wind turbine tower which is

provided with a hub.

10. Method for positioning a wind turbine blade and mounting the blade on a
hub which is situated on a nacelle at the top of a wind turbine tower, wherein the method
comprises the following steps:

a) providing at least one wind turbine blade and a lifting device according to one of Claims
1-9;

b) fixing the blade in a supporting frame;

¢) positioning the boom structure of a lifting device in such a manner that the mounting
structure is in line with the supporting frame;

d) mounting the supporting frame on the mounting structure;

e) upwardly tilting the boom structure;

f) displacing the positioning device along the boom structure;

g) positioning the wind turbine blade with respect to a corresponding mounting structure
on the hub;

h) mounting the wind turbine blade on the mounting structure of the hub; and

i) detaching the supporting frame from the wind turbine blade.
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1. Method according to Claim 10, characterized in that step g) comprises at
least one of the following substeps:

gl) rotating the wind turbine blade about the first rotation axis;

g2) tilting the wind turbine blade about the second rotation axis;

g3) tilting the wind turbine blade about the third rotation axis.

12. Method according to Claim 11, characterized in that in step d) the
supporting frame is mounted on the mounting structure in such a way that the displacement
direction of the linear displacement means is substantially parallel to a longitudinal axis of
the turbine blade and that step g) furthermore comprises:

g4) actuating the linear displacement means in order to push the wind turbine blade in the

radial direction around or in the mounting structure on the hub.

¥ kK koK %k %



